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VIRTUALIZATION OF TANGIBLE
INTERFACE OBJECTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 15/908,807, entitled “Virtualization of
Tangible Interface Objects™, filed Feb. 28, 2018, which is a
continuation of U.S. application Ser. No. 15/384,075,
entitled “Virtualization of Tangible Interface Objects,” filed
Dec. 19, 2016, which is a continuation of U.S. application
Ser. No. 15/151,213, entitled “Virtualization of Tangible
Interface Objects,” filed May 10, 2016, now U.S. Pat. No.
9,552,081, which is a continuation of U.S. application Ser.
No. 14/842,777, entitled “Virtualization of Tangible Inter-
face Objects,” filed Sep. 1, 2015, now U.S. Pat. No. 9,354,
716, which is a continuation of U.S. application Ser. No.
13/928,111, entitled “Virtualization of Tangible Interface
Objects,” filed on Jun. 26, 2013, now U.S. Pat. No. 9,158,
389, which claims the benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Patent Application Ser. No. 61/714,138,
entitled “Platform Design for Adding Tangible User Inter-
faces to Mobile Applications,” filed on Oct. 15, 2012, the
entire contents of each of which is incorporated herein by
reference.

BACKGROUND

[0002] The present disclosure relates to virtualizing tan-
gible interface objects.

[0003] A tangible user interface is a physical environment
that a user can physically interact with to manipulate digital
information. While the tangible user interface has opened up
a new range of possibilities for interacting with digital
information, significant challenges remain when implement-
ing such an interface. For instance, existing tangible user
interfaces generally require expensive, high-quality sensors
to digitize user interactions with this environment, which
results in systems incorporating these tangible user inter-
faces being too expensive for most consumers.

SUMMARY

[0004] According to one innovative aspect of the subject
matter in this disclosure, a physical activity surface visual-
ization system includes a computing device located proxi-
mate to a physical activity surface, a video capture device,
and a detector. The video capture device is coupled for
communication with the computing device and is adapted to
capture a video stream that includes an activity scene of the
physical activity surface and one or more interface objects
physically intractable with by a user. The detector is execut-
able by one or more processors of the computing device to
process the video stream to detect the one or more interface
objects included in the activity scene, to identify the one or
more interface objects that are detectable, to generate one or
more events describing the one or more interface objects,
and to provide the one or more events to an activity
application configured to render virtual information on the
one or more computing devices based on the one or more
events. The detector is coupled to the video capture device
to receive the video stream.

[0005] Generally another innovative aspect of the subject
matter described in this disclosure may be embodied in
methods that include capturing, using a video capture
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device, a video stream that includes an activity scene of a
physical activity surface and one or more interface objects
physically intractable with by a user; processing, using one
or more computing devices, the video stream to detect the
one or more interface objects included in the activity scene;
identifying, using the one or more computing devices, the
one or more interface objects that are detected; and present-
ing virtual information on the one or more computing
devices based on the one or more interface objects that are
identified.

[0006] A further innovative aspect of the subject matter
may generally include an adapter adapting a camera inte-
grated with a computing device that includes a housing
including a slot on a first side, the slot configured to receive
and retain an edge of a body of the computing device, the
housing configured to cover at least a portion of the field of
view of the camera of the computing device, and a reflective
element recessed at an angle into the first side of the housing
to redirect the field of view of the camera toward an activity
surface located proximate the computing device.

[0007] Other implementations of one or more of these
aspects include corresponding systems, apparatus, and com-
puter programs, configured to perform the actions of the
methods, encoded on computer storage devices. These and
other implementations may each optionally include one or
more of the following features.

[0008] For instance, the operations may further include
processing the video stream further includes receiving an
image of the activity scene, processing the image for one or
more contours of each of the one or more interface objects
included in the activity scene, constructing an object
description for each of the one or more interface objects
based on the one or more contours, and inferring an object
shape for each of the one or more interface objects based on
the object description associated with each of the one or
more interface objects; that constructing the object descrip-
tion for each of the one or more interface objects includes
mapping the one or more contours associated with each of
the one or more interface objects using a coordinate system,
and inferring the object shape for each of the one or more
interface objects includes inferring the object shape for each
of the one or more interface objects based on coordinates of
the one or more contours associated with each of the one or
more interface objects; determining one or more of an
orientation and a position within the activity scene for each
of the one or more interface objects based on the object
description of each of the one or more interface objects; that
the virtual information is generated based on the one or more
of'the orientation and the position of each of the one or more
interface objects; identifying the one or more interface
objects includes identifying each of the one or more inter-
face objects based on the object shape of each of the one or
more interface objects, respectively; that at least one inter-
face object of the one or more interface objects includes an
image and processing the video stream further includes
processing the image of the activity scene for one or more
contours of the image of the at least one interface object and
constructing a description of the image of the at least one
interface object based on the one or more contours of the
image; identifying the at least one interface object includes
identifying the image of the at least one interface object
based on the description associated with the image; that
constructing the description of the image of the at least one
interface object includes mapping the one or more contours
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associated with the image using a coordinate system; that at
least one interface object of the one or more interface objects
includes an image and processing the video stream further
includes calculating one or more of a moment for the image
of the at least one interface object and a color histogram for
the image of the at least one interface object, and identifying
the at least one interface object includes identifying the
image of the at least one interface object based on one or
more of the moment and the color histogram; that capturing,
using the video capture device, the video stream includes
receiving an image frame portraying the activity scene,
comparing the image portraying the activity scene image to
a previously received image frame portraying the activity
scene, determining whether a substantial difference exists
between the image frame and the previously received image
frame, proceeding to process the video stream to detect the
one or more interface objects included in the activity scene
if the substantial difference is determined to exist, and
waiting for a subsequent image frame portraying the activity
scene if the substantial difference is determined not to exist;
receiving one or more events for the one or more interface
objects present in the activity scene; determining the one or
more interface objects based on the one or more events;
executing one or more routines based on the one or more
interface objects to generate object-related information visu-
alizing the one or more interface objects; that presenting the
virtual information on the computing device includes pre-
senting the object-related information to visualize the one or
more interface objects to the user; generating one or more
events for the one or more interface objects, respectively,
based on an identity of each of the interface objects; execut-
ing one or more routines based on the one or more events to
generate information related to the one or more interface
objects for presentation; that presenting the virtual informa-
tion on the computing device includes presenting the object-
related information; that the video stream further includes a
split view having the activity scene including the activity
surface and a user scene including one or more of a face and
one or more extremities of the user; processing the user
scene for a user input; and generating the virtual information
for presentation based on the one or more interface objects
that are identified and the user input processed from the user
scene.

[0009] In addition, various implementations may further
optionally include one or more of the following features: an
adapter covering at least a portion of the field of view of the
video capture device, the adapter configured to redirect at
least a portion of the field of view of the video capture device
to the physical activity surface; that video capture device is
integrated with the computing device, the computing device
includes a housing, and the adapter is coupled to the housing
of the computing device to cover at least the portion of the
field of view of the video capture device; that the adapter
includes a housing having a slot that is configured to receive
and removeably retain an edge of the housing of the com-
puting device; a stand placeable on the activity surface and
configured to position a display of the computing device for
viewing by a user, the display including the video capture
device and the video capture device facing the user; a
calibrator executable by the one or more processors to
calibrate the video capture device for one or more of a
geometry of the physical activity surface visualization sys-
tem and image processing performed by the detector; a stand
placeable on the activity surface and configured to position
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a display of the computing device for viewing by a user; and
an adapter covering at least a portion of the field of view of
a the video capture device, the video capture device facing
the user and the adapter configured to redirect at least a
portion of the field of view of the video capture device
toward the physical activity surface.

[0010] Numerous features and advantages of the technol-
ogy presented herein are described throughout this disclo-
sure. However, it should be understood, however, that the
features and advantages described herein are not all-inclu-
sive and many additional features and advantages are con-
templated and fall within the scope of the present disclosure.
Moreover, it should be understood that the language used in
the present disclosure has been principally selected for
readability and instructional purposes, and not to limit the
scope of the subject matter disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The disclosure is illustrated by way of example,
and not by way of limitation in the figures of the accompa-
nying drawings in which like reference numerals are used to
refer to similar elements.

[0012] FIGS. 1A-1C are block diagrams illustrating
example configurations for virtualizing tangible interface
objects.

[0013] FIG. 2 is a block diagram illustrating an example
computer system for virtualizing tangible interface objects.
[0014] FIG. 3 is a block diagram illustrating an example
computing device.

[0015] FIG. 4 is a flowchart of an example method for
virtualizing tangible interface objects.

[0016] FIGS. 5A and 5B are flowcharts of a further
example method for virtualizing tangible interface objects.
[0017] FIGS. 6A and 6B are flowcharts of an example
method for tangible interface object detection and recogni-
tion.

[0018] FIG. 7 is a flowchart of a further example method
for tangible interface object detection.

[0019] FIGS. 8A and 8B are flowcharts of a further
example method for tangible interface object recognition.
[0020] FIG. 9 is a flowchart of an example method for
detecting changes in the state of an activity surface.
[0021] FIG. 10 is a flowchart of an example method for
processing and displaying virtual object-related information
based on the interface objects identified.

[0022] FIGS. 11A-14 are examples of virtualized scenes
on a computing device generated based on physical scenes
created by users on a physical activity surface.

[0023] FIGS. 15-19 depict various views of an example
adapter and stand for a computing device.

DETAILED DESCRIPTION

[0024] The technology described herein provides a plat-
form for virtualizing a physical environment of tangible
interface (TI) objects manipulatable by the user. In some
implementations, the platform may augment a handheld
computing device, such as a phone or tablet, with novel
hardware accessories to make use of a built-in video camera
on the computing device, and utilize novel computer vision
algorithms to sense user interaction with the TI objects,
although numerous other implementations and configura-
tions of the platform are contemplated and described herein.
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[0025] This technology yields numerous advantages
including, but not limited to, providing a low-cost alterna-
tive for developing a nearly limitless range of applications
that blend both physical and digital mediums by reusing
existing hardware (e.g., camera) and leveraging novel light-
weight detection and recognition algorithms, having low
implementation costs, being compatible with existing com-
puting device hardware, operating in real-time to provide for
a rich, real-time virtual experience, processing numerous
(e.g., >15, >25, >35, etc.) TI objects and/or TI object
interactions simultaneously without overwhelming the com-
puting device, recognizing TI objects with substantially
perfect recall and precision (e.g., 99% and 99.5%, respec-
tively), being capable of adapting to lighting changes and
wear and tear of TI objects, providing a collaborative
tangible experience between users in disparate locations,
being intuitive to setup and use even for young users (e.g.,
3+ years old), being natural and intuitive to use, and requir-
ing few or no constraints on the types of TI objects that can
be processed. For instance, in some implementations, no
specialized markers or symbols are required to be included
on the TI objects in order for the platform to recognize the
TI objects.

[0026] The TI objects used by the platform may be every-
day objects used by and available to the user, specialized
objects created for a specific purpose, a combination of the
foregoing, etc. Non-limiting examples of TI objects include
various consumer products, game pieces, clothing, toys,
figurines, photographs, pre-configured cards, etc. The TI
objects may have a substantially two-dimensional or three-
dimensional shape.

[0027] FIGS. 1A-1C are block diagrams illustrating
example configurations 100, 150, and 180 for virtualizing
the TT objects. As depicted, the configurations 100, 150, and
180 include, in part, an activity surface 102 on which TI
object(s) 114 can be placed and a computing device 104 that
is equipped or otherwise coupled to a video capture device
110 configured to capture video of the activity surface 102
and that includes novel software and/or hardware capable of
processing the video to detect and recognize the TI object(s)
114 and their manipulation by one or more users and provide
for the virtualization and visualization of the TI objects
and/or their manipulation (e.g., see virtualized TT object(s)
118).

[0028] While the activity surface 102 is depicted as sub-
stantially horizontal in FIGS. 1A-1C, it should be under-
stood that the activity surface 102 can be vertical or posi-
tioned at any other angle suitable to the user for interaction.
The activity surface 102 can have any color, pattern, texture,
and topography. For instance, the activity surface 102 can be
substantially flat or be disjointed/discontinuous in nature.
Non-limiting examples of an activity surface 102 include a
table, desk, counter, ground, a wall, a whiteboard, a chalk-
board, a customized surface, etc.

[0029] In some implementations, the activity surface 102
may be preconfigured for certain activities. For instance, the
activity surface 102 may constitute or include the board of
a board game. As depicted in FIG. 1B, an example configu-
ration may include an activity surface 102 that includes a
pre-configured board 120. The board 120 may be integrated
with the stand 106 or may be distinct from the stand 106 but
placeable adjacent to the stand 106. The board 120 can
indicate to the user the boundaries of the activity surface 102
that is within the field of view of the video capture device
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110. The board 120 may include a pattern that coincides with
an application operable on the computing device 104. The
board 120 may be configured for specific activities or may
be generic. For instance, the board 120 may include a
context (e.g., textual and/or graphical indicators) that signi-
fies objectives for user to complete with the Ul objects. As
a further example, the board 120 may be three-dimensional
in nature and include various pre-configured objects for the
user to interact with and/or that are configured for interac-
tion with other T1 objects. In some instances, the size of the
interactive area on the board 120 may be bounded by the
field of view of the video capture device 110 and can be
adapted by the adapter 108 and/or by adjusting the position
of the video capture device 110. In additional examples, the
board 120 may be a light projection (e.g., pattern, context,
shapes, etc.) projected onto the activity surface 102.
[0030] The computing device 104 included in the example
configurations 100, 150, and 180 may be situated on the
surface 102 or otherwise proximate to the surface 102. The
computing device 104 can provide the user(s) with a virtual
portal for visualizing the TI objects being manipulated by
the user. For example, the computing device 104 may be
placed on a table in front of a user so the user can easily see
the computing device 104 while interacting with different T1
objects placed on the activity surface 102. Example com-
puting devices 104 may include, but are not limited to,
mobile phones (e.g., feature phones, smart phones, etc.),
tablets, laptops, desktops, netbooks, TVs, set-top boxes,
media streaming devices, portable media players, navigation
devices, personal digital assistants, etc.

[0031] The computing device 104 includes or is otherwise
coupled (e.g., via a wireless or wired connection) to a video
capture device 110 (also referred to herein as a camera) for
capturing a video stream of the activity surface 102. As
depicted in FIGS. 1A-1C, the video capture device 110 may
be a front-facing camera that is equipped with an adapter
108 that adapts the field of view of the camera 110 to
include, at least in part, the activity surface 102. For clarity,
the portion 116 of the activity surface 102 captured by the
video capture device 110 is also interchangeably referred to
herein as the activity surface or the activity scene.

[0032] As depicted in FIGS. 1A-1C, the computing device
104 and/or the video capture device 110 may be positioned
and/or supported by a stand 106. For instance, the stand 106
may position the display 112 of the video capture device 110
in a position that is optimal for viewing and interaction by
the user who is simultaneously interacting with the physical
environment (activity scene 116). The stand 106 may be
configured to rest on the activity surface 102 and receive and
sturdily hold the computing device 104 so the computing
device 104 remains still during use.

[0033] In some implementations, the adapter 108 adapts a
video capture device 110 (e.g., front-facing, rear-facing
camera) of the computing device 104 to capture substan-
tially only the activity scene 116, although numerous further
implementations are also possible and contemplated. For
instance, the camera adapter 108 can split the field of view
of the front-facing camera into two scenes as shown in FIG.
1C. In this figure, the video capture device 110 captures an
activity scene 116 that includes a portion of the activity
surface 102 situated in front of the video capture device 110
and captures a user scene 126 that includes the user (who in
FIG. 1C is situated substantially in front of the computing
device 104). These scenes can be virtually rendered as
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shown in regions 124 and 122 of the display 112. In another
example, the camera adapter 108 can redirect a rear-facing
camera of the computing device (not shown) toward a
front-side of the computing device 104 to capture the
activity scene 116 of the activity surface 102 located in front
of the computing device 104. In some implementations, the
adapter 108 can define one or more sides of the scene being
captured (e.g., top, left, right, with bottom open).

[0034] FIGS. 15-18 depict various examples of an adapter
108 and stand 106 for a computing device 104. As shown in
these figures, the adapter 108 may include a slot 134 for
retaining (e.g., receiving, securing, gripping, etc.) an edge of
the computing device 104 so as to cover at least a portion of
the camera 110. The adapter 108 may include at least one
optical element 132 (e.g., a mirror) to direct the field of view
of the camera 110 toward the activity surface 102. The
computing device 104 may be placed in and received by a
compatibly sized slot 136 formed in a top side of the stand
106. The slot 136 may extend at least partially downward
into a main body of the stand 106 at angle so that when the
computing device 104 is secured in the slot, it is angled back
for convenient viewing and utilization by its user or users.
The stand 106 may include a channel 130 formed perpen-
dicular to and intersecting with the slot 136. The channel 130
may be configured to receive and secure the adapter 108
when not in use. For example, the adapter 108 may have a
tapered shape that is compatible with and configured to be
easily placeable in the channel 130 of the stand 106. In some
instances, the channel 130 may magnetically secure the
adapter 108 in place to prevent the adapter 108 from being
easily jarred out of the channel 130. For example, the
adapter 108 and the stand 106 may include compatible
magnets that engage when the adapter 108 is aligned in the
channel 130 as shown in FIG. 19. The stand 106 may be
elongated along a horizontal axis to prevent the computing
device 104 from tipping over when resting on a substantially
horizontal activity surface (e.g., a table). The stand 106 may
include channeling for a cable that plugs into the computing
device 104. The cable may be configured to provide power
to the computing device 104 and/or may serve as a com-
munication link to other computing devices, such as a laptop
or other personal computer.

[0035] In some implementations, the adapter 108 may
include one or more optical elements, such as mirrors and/or
lenses, to adapt the standard field of view of the video
capture device 110. For instance, the adapter 108 may
include one or more mirrors and lenses to redirect and/or
modify the light being reflected from activity surface 102
into the video capture device 110. As an example, the
adapter 108 may include a mirror angled to redirect the light
reflected from the activity surface 102 in front of the
computing device 104 into a front-facing camera of the
computing device 104. As a further example, many wireless
handheld devices include a front-facing camera with a fixed
line of sight with respect to the display 112. The adapter 108
can be detachably connected to the device over the camera
110 to augment the line of sight of the camera 110 so it can
capture the activity surface 102 (e.g., surface of a table).

[0036] In another example, the adapter 108 may include a
series of optical elements (e.g., mirrors) that wrap light
reflected off of the activity surface 102 located in front of the
computing device 104 into a rear-facing camera of the
computing device 104 so it can be captured. The adapter 108
could also adapt a portion of the field of view of the video
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capture device 110 (e.g., the front-facing camera) and leave
a remaining portion of the field of view unaltered so that
multiple scenes may be captured by the video capture device
110 as shown in FIG. 1C. The adapter 108 could also include
optical element(s) that are configured to provide different
effects, such as enabling the video capture device 110 to
capture a greater portion of the activity surface 102. For
example, the adapter 108 may include a convex mirror that
provides a fisheye effect to capture a larger portion of the
activity surface 102 than would otherwise be capturable by
a standard configuration of the video capture device 110.
[0037] In some implementations, the video capture device
is configured to include the stand 106 within its field of view.
The stand 106 may serve as a reference point for performing
geometric and/or image calibration of the camera 110. For
instance, during calibration, the calibrator 302 (e.g., see FIG.
3) may calibrate the camera 110 (e.g., adjust the white
balance, focus, exposure, etc.) of the camera 110 using the
stand 106.

[0038] The video capture device 110 could, in some
implementations, be an independent unit that is distinct from
the computing device 104 and may be positionable to
capture the activity surface 102 or may be adapted by the
adapter 108 to capture the activity surface 102 as discussed
above. In these implementations, the video capture device
110 may be communicatively coupled via a wired or wire-
less connection to the computing device 104 to provide it
with the video stream being captured.

[0039] FIG. 2 is a block diagram illustrating an example
computer system 200 for virtualizing tangible interface
objects. The illustrated system 200 includes computing
devices 104a . . . 104n (also referred to individually and
collectively as 104) and servers 202a . . . 202r (also referred
to individually and collectively as 202), which are commu-
nicatively coupled via a network 206 for interaction with
one another. For example, the computing devices 104a . . .
104» may be respectively coupled to the network 206 via
signal lines 208a . . . 208z and may be accessed by users
222a . .. 222n (also referred to individually and collectively
as 222). The servers 202a . . . 202z may be coupled to the
network 206 via signal lines 204a . . . 204n, respectively.
The use of the nomenclature “a” and “n” in the reference
numbers indicates that any number of those elements having
that nomenclature may be included in the system 200.
[0040] The network 206 may include any number of
networks and/or network types. For example, the network
206 may include, but is not limited to, one or more local area
networks (LLANs), wide area networks (WANs) (e.g., the
Internet), virtual private networks (VPNs), mobile (cellular)
networks, wireless wide area network (WWANS),
WiMAX® networks, Bluetooth® communication networks,
peer-to-peer networks, other interconnected data paths
across which multiple devices may communicate, various
combinations thereof, etc.

[0041] The computing devices 104a . . . 104n (also
referred to individually and collectively as 104) are com-
puting devices having data processing and communication
capabilities. For instance, a computing device 104 may
include a processor (e.g., virtual, physical, etc.), a memory,
a power source, a network interface, and/or other software
and/or hardware components, such as front and/or rear
facing cameras, display, graphics processor, wireless trans-
ceivers, keyboard, camera, sensors, firmware, operating
systems, drivers, various physical connection interfaces
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(e.g., USB, HDM]I, etc.). The computing devices 104a . . .
104» may couple to and communicate with one another and
the other entities of the system 200 via the network 206
using a wireless and/or wired connection. While two or more
computing devices 104 are depicted in FIG. 2, the system
200 may include any number of computing devices 104. In
addition, the computing devices 104a . . . 104n may be the
same or different types of computing devices.

[0042] As depicted in FIG. 2, one or more of the comput-
ing devices 104a . . . 104z may include a camera 110, a
detection engine 212, and one or more activity applications
214a . . . 214n (also referred to individually and collectively
as 214). One or more of the computing devices 104 and/or
cameras 110 may also be equipped with an adapter 108 as
discussed elsewhere herein. The detection engine 212 is
capable of detecting and recognizing TI objects located in
the activity scene 116 (on the activity surface 102 within
field of view of camera 110). The detection engine 212 can
detect the position and orientation of the objects in physical
space, detect how the objects are being manipulated by the
user, and cooperate with the activity application(s) 214 to
provide users with a rich virtual experience incorporating
those objects and their manipulation. In some implementa-
tions, the detection engine 212 processes video captured by
a camera 110 to detect and recognize the TI object(s) and
their attributes, generate events based on the TI objects and
their attributes, and provide the events generated for the
recognized objects to one or more activity applications 214.
The activity application(s) 214 are capable of processing the
events received from the detection engine 212 to provide the
rich environment that blends the tangible, physical environ-
ment being manipulated by the user with information related
to and/or complementing the TT objects. Additional structure
and functionality of the computing devices 104 are
described in further detail below with reference to at least
FIG. 3.

[0043] The servers 202 may each include one or more
computing devices having data processing, storing, and
communication capabilities. For example, the servers 202
may include one or more hardware servers, server arrays,
storage devices and/or systems, etc., and/or may be central-
ized or distributed/cloud-based. In some implementations,
the servers 202 may include one or more virtual servers,
which operate in a host server environment and access the
physical hardware of the host server including, for example,
a processor, memory, storage, network interfaces, etc., via an
abstraction layer (e.g., a virtual machine manager).

[0044] The servers 202 may include software applications
operable by one or more computer processors of the servers
202 to provide various computing functionalities, services,
and/or resources, and to send data to and receive data from
the computing devices 104. For example, the software
applications may provide functionality for internet search-
ing; social networking; web-based email; blogging; micro-
blogging; photo management; video, music and multimedia
hosting, distribution, and sharing; business services; news
and media distribution; user account management; or any
combination of the foregoing services. It should be under-
stood that the servers 202 are not limited to providing the
above-noted services and may include other network-acces-
sible services.

[0045] Insome implementations, a server 202 may include
a search engine for retrieving results from a data store that
match one or more search criteria. In some instances, the
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search criteria may include an image and the search engine
may compare the image to images of products stored in its
data store (not shown) to identify a product that matches the
image. In a further example, the detection engine 212 and/or
the storage 310 (e.g., see FIG. 3) may signal the search
engine to provide information that matches an object and/or
image that it has extracted from a video stream.

[0046] It should be understood that the system 200 illus-
trated in FIG. 2 is provided by way of example, and that a
variety of different system environments and configurations
are contemplated and are within the scope of the present
disclosure. For instance, various functionality may be
moved from a server to a client, or vice versa and some
implementations may include additional or fewer computing
devices, services, and/or networks, and may implement
various functionality client or server-side. Further, various
entities of the system 200 may be integrated into to a single
computing device or system or additional computing devices
or systems, etc.

[0047] FIG. 3 is a block diagram of an example computing
device 104. As depicted, the computing device 104 may
include a processor 312, memory 314, communication unit
316, display 112, camera 110, and an input device 318,
which are communicatively coupled by a communications
bus 308. However, it should be understood that the com-
puting device 104 is not limited to such and may also include
other elements, including, for example, those discussed with
reference to the computing devices 104 in FIGS. 1 and 2.

[0048] The processor 312 may execute software instruc-
tions by performing various input/output, logical, and/or
mathematical operations. The processor 312 have various
computing architectures to process data signals including,
for example, a complex instruction set computer (CISC)
architecture, a reduced instruction set computer (RISC)
architecture, and/or an architecture implementing a combi-
nation of instruction sets. The processor 312 may be physi-
cal and/or virtual, and may include a single core or plurality
of processing units and/or cores.

[0049] The memory 314 is a non-transitory computer-
readable medium that is configured to store and provide
access to data to the other components of the computing
device 104. In some implementations, the memory 314 may
store instructions and/or data that may be executed by the
processor 312. For example, the memory 314 may store the
detection engine 212, the activity applications 214a . . .
214n, and the camera driver 306. The memory 314 is also
capable of storing other instructions and data, including, for
example, an operating system, hardware drivers, other soft-
ware applications, data, etc. The memory 314 may be
coupled to the bus 308 for communication with the proces-
sor 312 and the other components of the computing device
104.

[0050] The communication unit 316 may include one or
more interface devices (I/F) for wired and/or wireless con-
nectivity with the network 206 and/or other devices. In some
implementations, the communication unit 316 may include
transceivers for sending and receiving wireless signals. For
instance, the communication unit 316 may include radio
transceivers for communication with the network 206 and
for communication with nearby devices using close-prox-
imity (e.g., Bluetooth®, NFC, etc.) connectivity. In some
implementations, the communication unit 316 may include
ports for wired connectivity with other devices. For
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example, the communication unit 316 may include a CAT-5
interface, Thunderbolt™ interface, FireWire™ interface,
USB interface, etc.

[0051] The display 112 may display electronic images and
data output by the computing device 104 for presentation to
a user 222. The display 112 may include any conventional
display device, monitor or screen, including, for example, an
organic light-emitting diode (OLED) display, a liquid crystal
display (LCD), etc. In some implementations, the display
112 may be a touch-screen display capable of receiving
input from one or more fingers of a user 222. For example,
the display 112 may be a capacitive touch-screen display
capable of detecting and interpreting multiple points of
contact with the display surface. In some implementations,
the computing device 104 may include a graphics adapter
(not shown) for rendering and outputting the images and
data for presentation on display 112. The graphics adapter
(not shown) may be a separate processing device including
a separate processor and memory (not shown) or may be
integrated with the processor 312 and memory 314.

[0052] The input device 318 may include any device for
inputting information into the computing device 104. In
some implementations, the input device 318 may include
one or more peripheral devices. For example, the input
device 318 may include a keyboard (e.g., a QWERTY
keyboard), a pointing device (e.g., a mouse or touchpad),
microphone, a camera, etc. In some implementations, the
input device 318 may include a touch-screen display capable
of receiving input from the one or more fingers of the user
222. For instance, the functionality of the input device 318
and the display 112 may be integrated, and a user 222 of the
computing device 104 may interact with the computing
device 104 by contacting a surface of the display 112 using
one or more fingers. In this example, the user 222 could
interact with an emulated (i.e., virtual or soft) keyboard
displayed on the touch-screen display 112 by using fingers
to contacting the display 112 in the keyboard regions.
[0053] The detection engine 212 may include a calibrator
302 and a detector 304. The components 212, 302, and 304
may be communicatively coupled by the bus 308 and/or the
processor 312 to one another and/or the other components
214, 306, 310, 314, 316, 318, 112, and/or 110 of the
computing device 104. In some implementations, one or
more of the components 212, 302, and 304 are sets of
instructions executable by the processor 312 to provide their
functionality. In some implementations, one or more of the
components 212, 302, and 304 are stored in the memory 314
of the computing device 104 and are accessible and execut-
able by the processor 312 to provide their functionality. In
any of the foregoing implementations, these components
212, 302, and 304 may be adapted for cooperation and
communication with the processor 312 and other compo-
nents of the computing device 104.

[0054] The calibrator 302 includes software and/or logic
for performing geometric and image calibration of the
camera 110. Geometric calibration includes calibrating the
camera 110 to account for the geometry of the platform/
video capturing setup (e.g., see FIGS. 1A-1C). For instance,
geometric calibration configures the camera 110 to account
for the height of the stand 106, angle the camera 110 and/or
computing device 104 are positioned at, and/or the charac-
teristics (e.g., size, angle, topography, etc.) of the activity
surface 102 and/or board 120, any optical effects induced by
the adapter 108 and/or optics of the camera 110, etc.
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Performing geometric calibration optimizes the images
being captured by the camera 110 for objection detection by
the detector 304, as discussed in further detail below. Geo-
metric calibration is advantageous is it calibrates camera 110
to account for discontinuities and/or non-uniformities in
activity surface 102, thus allowing the technology described
herein to be used in a variety of different settings and with
a wide variety of activity surface configurations (e.g.,
bumpy surfaces, whiteboards, tables, beds, etc.). In some
implementations, the calibrator 302 can calibrate the camera
110 to optimize it to capture a split field of view that contains
both the user in one portion and the activity surface 102 in
another portion.

[0055] Image calibration includes manipulating the cam-
era 110 to optimize image recognition by the detector 304.
In some implementations, the calibrator 302 performs image
calibration by veritying and/or adjusting one or more param-
eters, such as focus, exposure, white balance, aperture,
f-stop, image compression, ISO, depth of field, noise reduc-
tion, focal length, etc., of the camera 110 to optimize the
images of the TI objects being captured by the camera 110
for image recognition, as discussed in further detail below.
For example, a known, pre-identified TT object may be place
in the activity scene, and the calibrator 302 may process
images received from the camera 110 to establish boundaries
of the TT object and change various parameters, such as the
focus of the camera 110, based on boundaries to optimize the
images being received.

[0056] The detector 304 includes software and/or logic for
processing the video stream captured by the camera 110 to
detect and identify TI object(s) included in the activity scene
116. In some implementations, the detector 304 may be
couple to and receive the video stream from the camera 110,
the camera driver 306, and/or the memory 314. In some
implementations, the detector 304 may process the images
of the video stream to determine positional information for
the TI objects in the activity scene 116 (e.g., location and/or
orientation of the TI objects in 2D or 3D space) and then
analyze characteristics of the TI objects included in the
video stream to determine the identities and/or additional
attributes of the TI objects, as discussed in further detail
below with reference to at least FIGS. 4-10.

[0057] In some implementations, the detector 304 may
determine gestures associated with the TI objects that indi-
cate how the TI objects have been manipulated over time by
the user(s). For example and not limitation, the detector 304
may determine the following gestures for the TI objects:

[0058] Put: indicates TI object has appeared in activity
scene 116;
[0059] Obscure: indicates TI object still present in

activity scene 116 but has been partially or completely
obscured (e.g., by a user’s hand);

[0060] Remove: indicates TI object has disappeared
from the activity scene 116;

[0061] Swap: indicates one TI object has been swapped
in for another TI object (in approximately the same
location);

[0062] Rotate: indicates TT object has been rotated (e.g.,
clockwise by 45, 90, 135, 180, 225, 270, 315 degrees,
by any floating point value representing an angle, etc.);

[0063] Move: indicates object has been moved from one
location to another in the activity scene 116;
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[0064] Align: indicates two objects are somehow
aligned (e.g., horizontally, vertically, diagonally, etc.);
and

[0065] Pattern: indicates TI object centers form a pat-
tern (e.g., a line, triangle, circle, square, rectangle, star,
etc.).

[0066] The detector 304 may expose the TI objects and

their attributes to the activity applications 214. For instance,
the detector 304 may generate events for the TI objects
based on the object-related information determined by the
detector 304 for the TI objects, and may pass the events to
the to one or more activity applications 214 for use thereby
in generating rich virtual environments incorporating the TI
objects. An event for a given TI object detected and iden-
tified by the detector 304 may include one or more of the
following: object ID, object confidence, size of object, shape
of object, location of object (e.g., X, Y, Z), orientation of the
object, whether object is obscured, how much of object is
obscured, confidence object is obscured, gesture associated
with object, etc.), although fewer or additional TI object
attributes may also be used. The detector 304 may be
coupled to the applications 214 (e.g., via the processor 312
and/or the bus 308) to provide the events to the applications
214.

[0067] In implementations where the video stream
includes multiple scenes, such as scenes 116 and 126 in FIG.
1C, the detector 304 may process each of these scenes
independently and simultaneously and discussed in further
detail below with reference to at least FIGS. 5A and 5B.
[0068] The detector 304 may be coupled to the calibrator
302 to signal it to perform geometric and/or image calibra-
tion. In some implementations, the detector 304 may deter-
mine whether to signal the calibrator 302 to calibrate the
camera 110 based at least in part on whether objects and/or
images are being successfully detected, as discussed in
further detail below with reference to at least FIGS. 6 A and
6B.

[0069] The detector 304 may be coupled to the storage 310
via the bus 308 store, retrieve, and otherwise manipulate
data stored therein. For example, the detector 304 may query
the storage 310 for data matching any TI objects that it has
determined as present in the activity scene 116. In some
implementations, the detector 304 may compute unique
indexes for the objects it detects. The detector 304 may
compute the indexes based on the visible and/or audible
characteristics of the TI objects, such as images included on
the TI objects, shapes of the TI objects, colors of the TI
objects, textures of the TI objects, etc. In some implemen-
tations, each of the TI objects may include unique images
and the detector 304 may perform image recognition on
images to determine their identities. In these implementa-
tions, corresponding digital records for the TI objects may
be indexed and stored in the storage 310, and the detector
304 may query the storage 310 for records matching the TI
objects determined by the detector 304 as present in the
activity scene 116.

[0070] By way of example and not limitation, the TI
objects may be a set of equally-sized cards that each bear an
image of a different animal. A record for each of the cards
may be created and stored in the storage 310. In some cases,
the records corresponding to the cards may be imported into
the storage 310 (e.g., by downloading them via the network
206 from a remote location (e.g., a server 202). In other
cases, a user may create and store the records independently
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(e.g., via an application that utilizes the TI object detection
and index generation capability of the detector 304). Addi-
tional examples of TI objects are discussed below with
reference to at least FIGS. 11A-14.

[0071] The activity applications 214a . . . 214» include
software and/or logic for receiving object-related events and
running routines based thereon to generate a virtual envi-
ronment for presentation to the user that incorporates, in
real-time, the TI objects and their manipulation, and their
relation to one another and the activity surface 102, in the
physical activity scene 116. The activity applications 214a .
.. 214n may be coupled to the detector 304 via the processor
312 and/or the bus 308 to receive the events. In some
implementations, the activity applications 214a . . . 214 may
process the events received from the detector 304 to deter-
mine the attributes of the object and may render correspond-
ing information for display based on the attributes. For
example, an activity application 214 may use the object ID
to retrieve a digital representation of the T1 object from the
storage 310, may user the object confidence to determine
whether to even display information about the object (e.g.,
by comparing the object confidence to a predetermined
threshold), may perform an action with the digital represen-
tation of the TI object based on the object’s position and/or
whether the object (or a nearby TI object) has been manipu-
lated, e.g., moved, obscured, swapped, removed, newly
added, etc.), may perform an action dependent on what other
objects are aligned with and/or adjacent to a given object,
etc.

[0072] The activity application 214 may enhance the vir-
tual information/environment it generates using supplemen-
tal information determined based on the TI objects present
in the activity scene 116. For example, an activity applica-
tion 214 may develop a digital representation of a TT object
with additional information (e.g., facts, statistics, news,
video, photos, social network posts, microblogs, etc.) about
the object, accessories for the object, visual enhancements or
improvements to the object, sounds for the object, etc.
[0073] Non-limiting examples of the activity applications
214 may include video games, learning applications, assis-
tive applications, storyboard applications, collaborative
applications, productivity applications, etc. Various non-
limiting examples of the virtual environments that can be
rendered by the activity applications 214 are discussed
below with reference to at least FIGS. 11A-14.

[0074] The camera driver 306 includes software storable
in the memory 314 and operable by the processor 312 to
control/operate the camera 110. For example, the camera
driver 306 is a software driver executable by the processor
312 for signaling the camera 110 to capture and provide a
video stream and/or still image, etc. The camera driver 306
is capable of controlling various features of the camera 110
(e.g., flash, aperture, exposure, focal length, etc.). The
camera driver 306 may be communicatively coupled to the
camera 110 and the other components of the computing
device 104 via the bus 308, and these components may
interface with the camera driver 306 via the bus 308 to
capture video and/or still images using the camera 110.
[0075] As discussed elsewhere herein, the camera 110 is a
video capture device configured to capture video of at least
the activity surface 102. The camera 110 may be coupled to
the bus 308 for communication and interaction with the
other components of the computing device 104. The camera
110 may include a lens for gathering and focusing light, a
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photo sensor including pixel regions for capturing the
focused light and a processor for generating image data
based on signals provided by the pixel regions. The photo
sensor may be any type of photo sensor including a charge-
coupled device (CCD), a complementary metal-oxide-semi-
conductor (CMOS) sensor, a hybrid CCD/CMOS device,
etc. The camera 110 may also include any conventional
features such as a flash, a zoom lens, etc. The camera 110
may include a microphone (not shown) for capturing sound
or may be coupled to a microphone included in another
component of the computing device 104 and/or coupled
directly to the bus 308. In some embodiments, the processor
of the camera 110 may be coupled via the bus 308 to store
video and/or still image data in the memory 314 and/or
provide the video and/or still image data to other compo-
nents of the computing device 104, such as the detection
engine 212 and/or activity applications 214.

[0076] The storage 310 is an information source for stor-
ing and providing access to stored data. In some implemen-
tations, the storage 310 may include an indexed set of
records that correspond to the TI objects that may be placed
and manipulated by users in the activity scene 116. In some
implementations, records (e.g., image profiles) for the TI
objects can be indexed using unique shapes, moment(s),
histogram(s), etc. derived from the TI objects. These indexes
may be computed using operations that are the same as or
substantially similar to those discussed below with reference
to at least FIGS. 7-8B.

[0077] For example, an application developer may create
a set of TI objects for a given activity application 214. To
enable the detection engine 212 to detect the TI objects, the
application developer may create a corresponding set of
records for the TI objects for storage in the storage 310. In
other implementations, the storage 310, detector 304, and/or
an activity application 214 may include software executable
by the processor 312 to query a server 202 for information
that matches a previously unidentified TI object.

[0078] In some implementations, the storage 310 may be
included in the memory 314 or another storage device
coupled to the bus 308. In some implementations, the
storage 310 may be or included in a distributed data store,
such as a cloud-based computing and/or data storage system.
In some implementations, the storage 310 may include a
database management system (DBMS). For example, the
DBMS could be a structured query language (SQL) DBMS.
For instance, storage 310 may store data in an object-based
data store or multi-dimensional tables comprised of rows
and columns, and may manipulate, i.e., insert, query, update,
and/or delete, data entries stored in the verification data store
106 using programmatic operations (e.g., SQL queries and
statements or a similar database manipulation library). Addi-
tional characteristics, structure, acts, and functionality of the
storage 310 is discussed elsewhere herein.

[0079] FIG. 4 is a flowchart of an example method 400 for
virtualizing tangible interface objects. In block 402, the
calibrator 302 calibrates the camera 110. In some imple-
mentations, the calibrator 302 performs geometric and/or
image calibration to prepare the camera 110 for TI object
detection and recognition. In block 404, the camera 110
and/or computing device 104 are then positioned on or
proximate an activity surface and the video capture device
(e.g., the camera 110) captures 406 a video stream that
includes an activity scene of the activity surface and one or
more interface objects that are physically intractable with by

Sep. 9, 2021

a user. In some implementations, the detector 304 can signal
the camera 110 to capture the video stream (e.g., via the
camera driver 306) and the camera 110 can provide the video
stream to the detector 304 (e.g., directly, via the memory
314, etc.). As shown in FIGS. 1A-1C, a computing device
104 that includes the camera 110 may be placed in a
preconfigured stand 106 that positions the camera 110 to
capture the activity scene 116 and positions the computing
device 104 for viewing and/or interaction with by the user,
although numerous further configurations are possible as
described elsewhere herein. In some instances, the camera
110 may be adapted with the adapter 108 to optimally adapt
the field of view of the camera 110 to capture a region of the
activity surface 102 (e.g., table, wall, etc.) located in front of
the computing device 104.

[0080] Next, the detector 304 processes the video stream
to detect 408 one or more TI objects included in the activity
scene 116 and identify 410 the one or more TI objects that
are detected. FIGS. 5A-9 describe various example opera-
tions that can be performed by the detector 304 to detect and
identify the TI objects, although additional and/or alterna-
tive operations are also possible and contemplated. The
method 400 can then present 412 virtual information on the
one or more computing devices 104 based on the one or
more TT objects that are identified by the detector 304. For
example, the detector 304 can pass events for the TT objects
detected and identified by it to one or more activity appli-
cations 214 for visualization to the user in a virtual scene
generated by it based on the events.

[0081] FIGS. 5A and 5B are flowcharts of a further
example method 500 for virtualizing tangible interface
objects. In block 502, the calibrator 302 may initially
perform geometric calibration of the video capture device
(e.g., camera 110) and then the video capture device may, in
block 504, capture video of one or more scenes. For
example, as depicted in FIG. 1C, the camera 110 may
capture the activity scene 116 and the user scene 126. In
some instances, the field of view of the camera 110 may be
split by the adapter 108 into multiple scenes, such as the
activity scene 116 and the user scene 126. For instance, for
a front facing camera 110, the adapter 108 may leave a
portion of the field of view of the camera 110 unmodified to
capture video of the users face and/or extremities (e.g.,
hands), and may redirect a portion of the field of view of the
camera 110 downward to capture the activity service 102
using a reflective element, such as a mirror, although other
configurations are also possible discussed elsewhere herein.
[0082] The detector 304 may then determine 506 whether
the video received from the camera 110 contains a scene
including a user (i.e., a user scene), and if so, can process
508 the user scene 126 for user inputs, such as speech, facial
expressions, hand motions, body language, etc. For
example, the detector 304 may process the facial regions and
hand regions of a sequence of video images received from
the camera 110 to determine whether the user is gesturing,
and if so, may determine which gestures are being per-
formed and pass those gestures along with any TI object
events that it generates to one or more of the activity
applications 214, as discussed elsewhere herein.

[0083] Additionally, the detector 304 may determine 510
whether the video received from the camera 110 contains a
scene including the activity surface 102 (i.e., an activity
scene 116), and if so, may proceed to detect 512 one or more
TI objects included in the activity scene 116. If the video
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received from the camera 110 does not include the activity
scene 116, the method 400 may return to block 502 to
calibrate the camera 110, proceed to process the user inputs
determined in block 508, may return an error prompt to the
user indicating there is an issue with the configuration of the
platform, may terminate or wait, etc.

[0084] In block 514, the detector 304 may identify the TI
object(s) included in the activity scene 116, determine 516
attributes for those TI objects(s), and generate 518 corre-
sponding event(s) for the TI object(s) based on their iden-
tities and attributes. As described elsewhere herein, attri-
butes that the detector 304 can determine during detection
and/or identification of the T1 object(s) may include but are
not limited to, a confidence for the inferred shape of each TI
object, whether the object is obscured and by how much, a
confidence for the obscurity determination, gestures associ-
ated with the TI object(s), etc. One or more activity appli-
cations 214 may receive the object event(s) and/or any user
inputs determined by the detector 304, and may execute 520
routines in block 420 based thereon. Based on the results
produced by the routines, the one or more activity applica-
tions 214 may present virtual object-related information in
block 522, such as a rich virtual environment incorporating
digital representations of the T1 object(s), to the user(s), as
discussed elsewhere herein.

[0085] FIGS. 6A and 6B are flowcharts of an example
method 600 for tangible interface object detection and
recognition. In the method 600, the detector 304 may receive
602 an image of the activity scene 116, process 604 the
image for the contour(s) of each TI object included in the
activity scene 116, construct 606 an object description for
each TI object based on the contour(s), infer 608 an object
shape for each TI object based on the object description
associated with that TT object, and identify 610 generally
what each TI object is (e.g., a tile, card, block, game piece,
writing utensil, toy, pad of paper, drawing, etc.) based on its
inferred shape. FIGS. 5A-9 describes various further
example operations that can be performed by the detector
304 to detect the TI object(s), although additional and/or
alternative operations are also possible and contemplated.

[0086] In some implementations, an activity application
214 may specify the shape(s) of the TI object(s) (either
directly or in the storage 310) that the detector 304 should
look for when performing the object detection and identifi-
cation, and the detector 304 may compare the specified
shape(s) to those it infers from the video data to determine
what the TI object(s) are. In other implementations, the
detector 304 may infer the shape(s) of the TI object(s) and
query a search engine operable by the server 202 or another
information source (e.g., the storage 310) to determine what
the TI object(s) are.

[0087] Next, the detector 304 may determine 612 a con-
fidence in the identification of the TI object(s) and then
determine 616 whether these confidence level(s) determined
in block 614 meet a predetermined threshold. If not, the
detector 304 may signal the calibrator 302 to calibrate 618
the camera 110 to account for the geometry of the visual-
ization platform. Upon calibrating the camera 110, the
method 600 may return block 602 and resume from there. If
the detector 304 determines 616 that the confidence level(s)
meet a predetermined threshold, the detector 304 processes
620 characteristics of the TI object(s) to determine the
specific identities of the TI object(s).
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[0088] In some implementations, the TI object(s) include
image(s) (e.g., photos, pictures, graphics, etc., of various
items) and the detector 304 processes 620 the contour(s) of
these image(s), constructs 622 description(s) for the image
(s) based on the contour(s), and then identifies 624 the
image(s) based on their description(s). For instance, to
identify that a TT object is a card depicting an image of a tree
(e.g., see FIGS. 1A-1C), the detector 304 can process the
region of the activity scene image that includes the T1 object
to construct contours for tree, create a description of the tree
based on the contours, and query the storage 310 for a record
matching the description.

[0089] In some implementations, the TI object detection
operations performed in blocks 602-614 may serve to iden-
tify the general nature of the TI object(s), such as what type
of objects they are (e.g., round cards, square cards, triangular
cards, etc.), and the TI object recognition operations per-
formed in blocks 620-624 may serve to determine the
specific identities of the TI object(s) based on unique char-
acteristics (e.g., a unique picture depicted on a visible
surface of the TI object) that differentiate the TI object(s)
from one another.

[0090] Next, the detector 304 proceeds to determine 620
whether it successfully identified the characteristic(s) (e.g.,
image(s)) of the TI object(s). If not, the detector 304 may
signal the calibrator 302 to calibrate the camera for image
recognition in block 628, and upon doing so, the method 600
may return to block 620 and resume from there. If the
detector 304 determines 626 that the characteristic(s) (e.g.,
image(s)) of the TI object(s) are successfully identified, the
detector 304 may determine 630 attributes for the images
depicted on the TI object(s). One or more of the activity
applications 214 may use the attributes of the TI object(s)
and the images they contain (e.g., based on the events
received from the detector 304) to render 632 an interactive
virtual environment to the user that incorporates digital
representations of the TI object(s), content related to the TI
object(s), and/or the environmental and/or positional attri-
butes of the TI object(s), as described elsewhere herein.
[0091] FIG. 7 is a flowchart of a further example method
700 for T object detection. In block 702, the detector 304
may process the video image of the activity scene 116 for
contour(s) of each TI object included in the activity scene
116 and construct 704 a description for each TI object by
mapping the contour(s) associated with each of the TI
objects using a coordinate system. The detector 304 may
then infer 706 the object shape for each TI object based on
the coordinates of the contour(s) associated with each TI
object, identify 708 the TI object(s) based on the object
shape(s) of the TI object(s), and determine 710 the position
and/or orientation of the TI object(s) based on the coordi-
nates of those T1 object(s). For example, the detector 304
may use the coordinates of the contours of the objects to
determine the position and/or orientation of the objects. In
some cases, the detector 304 may compare the coordinates
with a known point of reference (e.g., the stand 106,
positional information associated with the T objects stored
in the storage 310, etc.) to determine the position and/or
orientation of the objects.

[0092] FIGS. 8A and 8B are flowcharts of a further
example method 800 for TI object recognition. In block 802,
the detector 304 may process 802 the video image of the
activity scene 116 for contour(s) of image(s) contained on
the TI object(s) and construct 804 description(s) for the
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object image(s) by mapping the contour(s) associated with
the image(s) using a coordinate system. The coordinate
system may be two or three dimensional in nature and may
be configured to reflect the dimensions (scaled or actual) of
the activity scene 116, and thus the position of the TI
object(s) when mapped by the detector 304. Next, the
detector 304 may calculate 806 moment(s) for the object
image(s) based on the mapped coordinates associated with
the image(s). Example moments that can be calculated by
the detector 304 may include area moments, perimeter
moments, centroid moments, etc. These moments may be
calculated based on the areas, perimeters, etc., of the items
depicted by object images of the TI object(s). As a further
example, the detector 304 may use the coordinates of the
contours for the items it processes from the object images to
determine perimeters or areas for those items, and may then
compute various moments as unique identifiers for the
images using the perimeters or areas. In some instances, the
detector 304 may manipulate various parameters of the
camera to adjust the video images being captured (e.g.,
contrast, exposure, white balance, levels, etc.) to enhance the
contours of the items depicted by the object images.
[0093] Alternatively or in addition to block 806, the detec-
tor 304 may calculate 808 color histogram(s) for the object
image(s) as unique identifiers for the image(s). The color
histogram(s) may be computed based on the entire image or
one or more sections thereof. For instance, the detector 304
may divide the image contained on a given TI object using
a grid and may compute color histogram(s) for using the
image data from one or more quadrants of the grid. As a
further example, the grid may be a 4x4 grid that overlays the
image containing 16 quadrants and the detector 304 may
compute three color histograms using image data from the
1%, 5% and 6™ quadrants (e.g., counted left to right, top to
bottom), respectively. This is advantageous as each image
may be indexed using different attributes extracted from
different regions of the object image, thus allowing the
platform to index more than one attribute.

[0094] The detector 304 may determine 810 positional
information for the TI object(s), such as location and/or
orientation of the TI object(s) within the activity scene 116
based on the object and/or image coordinates. The detector
304 may also determine 812 whether to transform the
moments and/or histograms computed in blocks 606 and/or
808 and may then query 814 the a data store, such as storage
310, for matching records (e.g., image profiles) using the
moment(s) and/or color histogram(s). In some instances, the
moments and or histograms may be transformed based on
the position of the TT object(s) within the activity scene 116
(e.g., relative to a point of reference, such as the stand 106).
[0095] If matching image profiles are found 816 by que-
rying the data store, the detector 304 may generate events for
the TT object(s) based on attributed information determined
by the detector 304 and/or retrieved from storage 310, as
discussed in further detail elsewhere herein. If matching
image profiles are not found in block 816, the detector 304
may signal the calibrator 302 and/or the user to perform 818
image calibration on the camera, and once performed, the
method 800 may return to block 802 and resume processing
from there.

[0096] In some implementations, to recognize the object
images in method 800, the detector 304 may perform the
operations of method 830 by sending 832 the object image
(s), and/or information computed based on the object
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images, such as the moments and/or color histogram, to a
server 202 coupled to the network 206 for processing and
recognition. In response, the detector 304 may receive 834
identification of the image(s) from the server 202. In some
cases, the server 202 may include an image search engine
capable of matching the object image(s), and or information
derived therefrom, to images accessible on the Internet and
determine the identities of the object images based on
metadata and/or information associated with the Internet
images. The search engine may provide the detector 304
with digital representations of the T1 object(s) (and/or infor-
mation supplemental thereto) retrieved from Internet-based
information sources (e.g., websites), and the detector 304
may store and/or provide this information to one or activity
applications 214 for use thereby in generating a virtual
environment that incorporates the TI object(s). In some
implementations, one or more of these operations may be
performed by an activity application 214.

[0097] FIG. 9 is a flowchart of an example method 900 for
detecting changes in the state of an activity surface.
[0098] In block 902, the detector 304 may receive a video
image frame of the activity scene 116, compare 904 the
activity scene image to a previously received image frame of
the activity scene 116, determine 906 whether a substantial
difference exists between the image frame of the activity
scene 116 and the previously received image frame of the
activity scene 116, and proceed in block 908 to process the
video stream to detect the one or more interface objects
included in the activity scene 116 if the substantial difference
is determined to exist. If in block 906, a substantial differ-
ence is not detected between the current and previous states
of the activity scene 116, the method 900 may wait 910 for
the next image frame and then repeat the operations in at
least blocks 902, 904, and 906.

[0099] By using the method 900, the detection engine 212
may wait for the next video image that actually contains a
significant enough change to justify processing the image for
TI object(s). As a further example, during each cycle, the
detector 304 may compare a previous and subsequent video
image to determine if there are any significant changes and
may refrain from processing the most recent image unless
the changes satisty a predetermined threshold. The method
900 is advantageous because it can eliminate unnecessary
detection and recognition processing by the platform and
thereby avoid bogging down/adversely affecting the perfor-
mance of the computing device 104.

[0100] FIG. 10 is a flowchart of an example method 1000
for processing and displaying virtual object-related infor-
mation based on the TI object(s) identified. In block 1002,
an activity application 214 may receive event(s) for the TI
object(s) determined by the detector 304 as present in the
activity scene 116. Based on information included in the one
or more events, the activity application 214 may determine
1004 the identities of the TI object(s), receive 1006 one or
more input(s) associated with the activity scene 116 and/or
TI object(s), such as gestures determined from the event(s)
provided by the detector 304, gestures derived from infor-
mation included from event(s) received over time, user
input(s) detected from a user scene 126 by the detector 304,
etc., user input(s) received from the user via the input device
318 of the computing device 104, etc.

[0101] Based on the identities and attributes of the TI
object(s), the activity application 214 may then execute
1008 one or more routines to generate object-related infor-
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mation visualizing the one or more interface objects and
may present 1010 the object-related information to the user,
as discussed elsewhere herein.

[0102] It should be understood that the each of the meth-
ods 400-1000 are in many respects compatible with and in
some cases expansions one or more of the other methods,
and that further methods based on the combination of
various aspects of these methods are contemplated and
within the scope of the present disclosure.

[0103] In addition, the methods 400-1000 are advanta-
geous in a number of respects including, but not limited to,
providing fast and accurate T1 object detection and recog-
nition, providing the user with a real-time, virtualized expe-
rience that blends the user’s physical interaction with the TI
objects and activity surface 102 and rich, visual and com-
putational enhancements that would otherwise be inacces-
sible to the user, and adding a meaningful tangible aspect to
what can otherwise be a tactile-less, largely sterile digital
experience.

[0104] FIGS. 11A-14 are examples of virtualized scenes
on a computing device 104 generated based on physical
scenes created by users on a physical activity surface. In
particular, FIGS. 11A-111 depict a series of incremental
changes to a physical activity scene 116 on a physical
activity surface, which are replicated in a virtual scene 1100
on a computing device 104. In these figures, each cluster of
tiles represents a logical construct that is processed by the
activity application 214 to render a unique visual represen-
tation of the tiles derived from the content, manipulation,
and/or relative position of the tiles. For instance, in FIG.
11A, a tile bearing an image of the house is placed in the
activity scene 116 and a corresponding virtual scene 1100
that includes the house is rendered by activity application
214 for presentation on the computing device 104 based on
the event generated for the tile by the detector 304. In
subsequent FIGS. 11B-11E, additional tiles bearing different
colors and patterns are adjacently and abuttingly placed in a
cluster in the activity scene 116, and the activity application
214 analyzes the positions, alignments, and tile combina-
tions, as determined by the detector 304, to compute the
overall effect of the tile cluster. In this example, the tiles
abutted to a lower side of the house tile are determined by
the activity application 214 as having a serialized coloring
and patterning affect that compounds to produce a colorized
pattern for the main structure of the house. In contrast, since
the tile including the lined texture is the only tile abutting the
house tile on the right, the activity application 214 interprets
the placement of this tile as an instruction to add that pattern
to the roof of the house as depicted in the virtual scene 1100.
[0105] Further, in FIGS. 11F-111, two more clusters of
tiles are placed in the activity scene 116 (i.e., the sun cluster
and the cloud cluster). As a result, the activity application
214 interprets the arrangement and content of each of these
clusters to render a sun on the left side of the virtual scene
1100 and a summer storm including a dark cloud and rain.
In particular, the sun is left unadorned as there are no tiles
placed adjacent to the sun tile in the activity scene 116 and
the cloud is colored dark gray and is shown as producing
rain based on the arrangement of the tiles in the cloud
cluster.

[0106] FIGS. 12A-12C depict an example music game. In
this game, users can place tiles depicting different musical
instruments in the activity scene 116 and the activity appli-
cation 214 renders digital audio and visual representations of
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the instruments in the virtual scene 1200. Based on the
user’s interactions with the tiles, the activity application 214
can produce different sounds and visual effects for the
instruments that are recognized. For example, in FIG. 12A,
a guitar tile is place in the activity scene 116, the detection
engine 212 detects the object as a tile, identifies the images
as being a guitar, determines the position and orientation of
the tile, and creates and provides an event describing the tile
to the activity application 214. The activity application
extracts the identity of'the tile from the event and queries the
storage 310 for a digital image of the guitar and a music file
of a guitar sound, and then reproduces a digital representa-
tion of the tile in the virtual scene 1200 in a location that
corresponds to the position of the guitar tile in the activity
scene 116 and plays the music file of the guitar sound (as
indicated by the notes depicted in the virtual scene 1200).
Similarly in FIG. 12B, the user places a drum tile in the
activity scene 116 and the activity application 214 renders a
drum for display. The activity application 214 can also
produce effects based on the manipulation of the tiles in
activity scene 116, as shown in FIG. 12C. In this figure, the
user waves his/her hand over the guitar tile, and in response,
the detection engine 212 detects the obscure gesture asso-
ciated with the guitar tile and generates and passes event(s)
based thereon to the activity application 214, which may
determine from the event(s) that the guitar tile has been
obscured and render a guitar sound in response (e.g., via a
speaker of the computing device 104).

[0107] FIGS. 13A-14 depict additional non-limiting varia-
tions of virtualized tangible activities that may be provided
to users via the platform. For instance, in FIGS. 13A and
13B, a user may draw a landscape including a tree and a sun
in the activity scene 116 (e.g., on a piece of paper, on
whiteboard or chalkboard, etc.). The activity application 214
may be a drawing application that is configured to interpret
what is being drawn and may interact with the detection
engine 212 to receive events including information describ-
ing the objects being drawn as well as other items in the
activity scene 116 including the writing utensil and the
user’s drawing hand. For instance, as with tangible objects,
the detector 304 may determine what is being drawn and
communicate that information to the activity application
214. As another example, the detector 304 may detect and
identify the writing utensil and the user’s hand to the activity
application 214, and the activity application 214 may omit
those items from display while still reproducing the portion
of the video images containing the drawing to thereby
provide an unobstructed virtual rendering of what is being
drawn. In some implementations, the activity application
214 may use past video frames to reproduce the areas being
obscured so the virtual environment may appear complete
even though a portion of the activity scene 116 may
obscured by the user’s hand and/or writing utensil. While
not depicted, in some implementations, the activity appli-
cation 214 can enhance the items being drawn by displaying
complementary images (e.g., bushes, a pond, animals, etc.)
in the virtual scene 1300. These complementary images may
be retrieved from storage 310 and/or downloaded from the
network 206 from another information source.

[0108] In FIG. 14, a user may use blocks to portray
different real-world objects (e.g., a Christmas tree), and the
detection engine 212 may recognize the objects formed in
the physical scene 116 and communicate that information to
the activity application 214, which may then render a digital
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representation of the object (e.g., tree) in the virtual scene
1400, which may be enhanced by the activity application
214. For instance, upon knowing the identity of the object
portrayed in the activity scene 116, the activity application
214 may retrieve a corresponding record from the storage
310 that includes an enhanced virtual representation of that
object and render it for display in the virtual scene 1400.
[0109] It should be understood that the above-described
example activities are provided by way of illustration and
not limitation and that numerous additional use cases are
contemplated and encompassed by the present disclosure.
For instance, white not depicted, by leveraging the detection
engine 212, an activity application 214 may be configured to
share and track the progress of a physical board game
between two remotely located users. Each user may set up
the same board game in their respective activity scenes 116,
and the activity application 214 on each user’s computing
device 104 may virtualize the game for display to the users
based on the events received from the detector 304. For
instance, the activity applications 214 operating on each
user’s computing device 104 may display a synchronized
virtual representation of the board game, track and display
the movement of the game pieces, compute and display the
score, provide tips and or help (e.g., game rules), etc. The
instances of the activity application 214 may stay synchro-
nized by sending one another updates reflecting changes in
the state of the respective activity scenes 116, or by syn-
chronizing via an intermediary (e.g., a server 202). Using
this activity application 214, the users can enjoy the tangible
gameplay of a board game together while residing in dis-
parate geographic locations.

[0110] In further non-limiting examples, activity applica-
tions 214 could assist vision impaired individuals to learn to
read braille using customized TI objects that include the
braille and that are recognizable to the detection engine 212;
re-animate how an image was drawn and share that re-
animation (e.g., in a gif file) via a social network or another
image sharing service with other users; can archive and
show the progression on different objectives a user has been
working on, can determine various characteristics of differ-
ent items, such as size, area, etc., and provide informative
supplementation information about such items, etc.

[0111] In the above description, for purposes of explana-
tion, numerous specific details are set forth in order to
provide a thorough understanding of the present disclosure.
However, it should be understood that the technology
described herein can be practiced without these specific
details. Further, various systems, devices, and structures are
shown in block diagram form in order to avoid obscuring the
description. For instance, various implementations are
described as having particular hardware, software, and user
interfaces. However, the present disclosure applies to any
type of computing device that can receive data and com-
mands, and to any peripheral devices providing services.
[0112] Insome instances, various implementations may be
presented herein in terms of algorithms and symbolic rep-
resentations of operations on data bits within a computer
memory. An algorithm is here, and generally, conceived to
be a self-consistent set of operations leading to a desired
result. The operations are those requiring physical manipu-
lations of physical quantities. Usually, though not necessar-
ily, these quantities take the form of electrical or magnetic
signals capable of being stored, transferred, combined, com-
pared, and otherwise manipulated. It has proven convenient
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at times, principally for reasons of common usage, to refer
to these signals as bits, values, elements, symbols, charac-
ters, terms, numbers, or the like.

[0113] It should be borne in mind, however, that all of
these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated other-
wise as apparent from the following discussion, it is appre-
ciated that throughout this disclosure, discussions utilizing
terms including “processing,” “computing,” “calculating,”
“determining,” “displaying,” or the like, refer to the action
and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the
computer system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system memories or registers or other such informa-
tion storage, transmission or display devices.

[0114] Various implementations described herein may
relate to an apparatus for performing the operations herein.
This apparatus may be specially constructed for the required
purposes, or it may comprise a general-purpose computer
selectively activated or reconfigured by a computer program
stored in the computer. Such a computer program may be
stored in a computer readable storage medium, including,
but is not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, and magnetic disks, read-only
memories (ROMs), random access memories (RAMs),
EPROMs, EEPROMs, magnetic or optical cards, flash
memories including USB keys with non-volatile memory or
any type of media suitable for storing electronic instructions,
each coupled to a computer system bus.

[0115] The technology described herein can take the form
of an entirely hardware implementation, an entirely software
implementation, or implementations containing both hard-
ware and software elements. For instance, the technology
may be implemented in software, which includes but is not
limited to firmware, resident software, microcode, etc. Fur-
thermore, the technology can take the form of a computer
program product accessible from a computer-usable or com-
puter-readable medium providing program code for use by
or in connection with a computer or any instruction execu-
tion system. For the purposes of this description, a com-
puter-usable or computer readable medium can be any
non-transitory storage apparatus that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the instruction execution system,
apparatus, or device.

[0116] A dataprocessing system suitable for storing and/or
executing program code may include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories that provide tem-
porary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution. Input/output or /O devices (in-
cluding but not limited to keyboards, displays, pointing
devices, etc.) can be coupled to the system either directly or
through intervening I/O controllers.

[0117] Network adapters may also be coupled to the
system to enable the data processing system to become
coupled to other data processing systems, storage devices,
remote printers, etc., through intervening private and/or
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public networks. Wireless (e.g., Wi-Fi™) transceivers, Eth-
ernet adapters, and modems, are just a few examples of
network adapters. The private and public networks may have
any number of configurations and/or topologies. Data may
be transmitted between these devices via the networks using
avariety of different communication protocols including, for
example, various Internet layer, transport layer, or applica-
tion layer protocols. For example, data may be transmitted
via the networks using transmission control protocol/Inter-
net protocol (TCP/IP), user datagram protocol (UDP), trans-
mission control protocol (TCP), hypertext transfer protocol
(HTTP), secure hypertext transfer protocol (HTTPS),
dynamic adaptive streaming over HT'TP (DASH), real-time
streaming protocol (RTSP), real-time transport protocol
(RTP) and the real-time transport control protocol (RTCP),
voice over Internet protocol (VOIP), file transfer protocol
(FTP), WebSocket (WS), wireless access protocol (WAP),
various messaging protocols (SMS, MMS, XMS, IMAP,
SMTP, POP, WebDAV, etc.), or other known protocols.

[0118] Finally, the structure, algorithms, and/or interfaces
presented herein are not inherently related to any particular
computer or other apparatus. Various general-purpose sys-
tems may be used with programs in accordance with the
teachings herein, or it may prove convenient to construct
more specialized apparatus to perform the required method
blocks. The required structure for a variety of these systems
will appear from the description above. In addition, the
specification is not described with reference to any particular
programming language. It will be appreciated that a variety
of programming languages may be used to implement the
teachings of the specification as described herein.

[0119] The foregoing description has been presented for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the specification to the precise
form disclosed. Many modifications and variations are pos-
sible in light of the above teaching. It is intended that the
scope of the disclosure be limited not by this detailed
description, but rather by the claims of this application. As
will be understood by those familiar with the art, the
specification may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. Likewise, the particular naming and division of the
modules, routines, features, attributes, methodologies and
other aspects are not mandatory or significant, and the
mechanisms that implement the specification or its features
may have different names, divisions and/or formats.

[0120] Furthermore, the modules, routines, features, attri-
butes, methodologies and other aspects of the disclosure can
be implemented as software, hardware, firmware, or any
combination of the foregoing. Also, wherever a component,
an example of which is a module, of the specification is
implemented as software, the component can be imple-
mented as a standalone program, as part of a larger program,
as a plurality of separate programs, as a statically or dynami-
cally linked library, as a kernel loadable module, as a device
driver, and/or in every and any other way known now or in
the future. Additionally, the disclosure is in no way limited
to implementation in any specific programming language, or
for any specific operating system or environment. Accord-
ingly, the disclosure is intended to be illustrative, but not
limiting, of the scope of the subject matter set forth in the
following claims.
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1. (canceled)

2. A method comprising:

capturing, using a rear facing camera of a computing

device, a video stream of a field of view of the rear
facing camera, the video stream including an activity
scene and a tangible interface object present in the
activity scene;

processing, using a processor of a computing device, the

video stream for the tangible interface object and an
attribute of the tangible interface object;

determining, using the processor of the computing device,

an identity of the tangible interface object using the
attribute of the tangible interface object;

generating, using the processor of the computing device,

a virtual scene based on the attribute of the tangible
interface object; and

rending, in a display of the computing device, the virtual

scene in a region of the display.

3. The method of claim 2, wherein the field of view of the
rear facing camera captures substantially only the activity
scene.

4. The method of claim 2, wherein the field of view of the
rear facing camera is redirected towards a front side of the
computing device using a camera adapter.

5. The method of claim 4, wherein the activity scene is
located in front of the computing device and wherein the
camera adapter redirects the field of view of the rear facing
camera by wrapping light reflected off of the activity scene
into the rear facing camera.

6. The method of claim 4, wherein the camera adapter
defines a side of the activity scene being captured.

7. The method of claim 2, wherein the video stream of the
field of view of the rear facing camera is a first video stream,
the virtual scene is a first virtual scene, and the region is a
first region, the method further comprising:

capturing, using a front facing video capture device, a

second video stream of a field of the front facing
camera, the second video stream capturing a portion of
an activity surface situated in front of the computing
device;

generating, using the processor of the computing device,

a second virtual scene based on the second video
stream of the field of view of the front facing camera;
and

rendering, the second virtual scene in a second region of

the display, the second region of the display being
separate from the first region of the display.

8. The method of claim 7, wherein the second video
stream of the field of view of the front facing camera also
captures a user scene that includes a user situated in front of
the computing device.

9. The method of claim 8, wherein the second video
stream of the field of view is a split field of view that splits
the field of view into a first field of view that captures the
user scene and a second field of view that captures a portion
of the activity surface situated in front of the computing
device.

10. A physical activity surface visualization system com-
prising:

a stand configured to position a computing device having

one or more processors;

a rear facing camera configured to capture a video stream

of a field of view of the rear facing camera, the video



US 2021/0279466 Al

stream including an activity scene and a tangible inter-
face object present in the activity scene;

a detector executable by the one or more processors to
detect the tangible interface object and an attribute of
the tangible interface object in the video stream; and

an activity application executable by the one or more
processors to determine an identity of the tangible
interface object using the attribute of the tangible
interface object, generate a virtual scene based on the
attribute of the tangible interface object; and

adisplay configured to render the virtual scene in a region
of the display.

11. The physical activity surface visualization system of
claim 10, wherein the field of view of the rear facing camera
captures substantially only the activity scene.

12. The physical activity surface visualization system of
claim 10, wherein the field of view of the rear facing camera
is redirected towards a front side of the computing device
using a camera adapter.

13. The physical activity surface visualization system of
claim 12, wherein the activity scene is located in front of the
computing device and wherein the camera adapter redirects
the field of view of the rear facing camera by wrapping light
reflected off of the activity scene into the rear facing camera.

14. The physical activity surface visualization system of
claim 13, wherein the camera adapter defines a side of the
activity scene being captured.

15. The physical activity surface visualization system of
claim 10, wherein the video stream of the field of view of the
rear facing camera is a first video stream, the virtual scene
is a first virtual scene, and the region is a first region, the
system further comprising:

a front facing camera configured to capture a second
video stream of a field of view of the front facing
camera, the second video stream capturing a portion of
an activity surface situated in front of the computing
device, and

wherein the activity application is further configured to
generate a second virtual scene based on the second
video stream of the field of view of the front facing
camera, and

wherein the display is further configured to render the
second virtual scene in a second region of the display.

16. The physical activity surface visualization system of
claim 15, wherein the second video stream of the field of
view of the front facing camera also captures a user scene
that includes a user situated in front of the computing device.
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17. The physical activity surface visualization system of
claim 16, wherein the second video stream of the field of
view is a split field of view that splits the field of view into
a first field of view that captures the user scene and a second
field of view that captures a portion of the activity surface
situated in front of the computing device.

18. A method comprising:

capturing, using a rear facing camera of a computing

device, a first video stream of a field of view of the rear
facing camera;

capturing, using a front facing camera of the computing

device, a second video stream of a field of view of the
front facing camera;

processing, using a processor of the computing device, the

first video stream and the second video stream for a
tangible interface objects present in one of the first
video stream and the second video stream;

detecting, using the processor of the computing device, an

attribute of the tangible interface object;

determining, using, the processor of the computing

device, an identity of the tangible interface object using
the attribute;

generating, using the processor of the computing device,

a virtual object based on the identity of the tangible
interface object;

rendering, using the processor of the computing device, a

first virtual scene based on the first video stream and a
second virtual scene based on the second video stream;
and

presenting, in a display of the computing device, the first

virtual scene in a first region, the second virtual scene
in a second region, and the virtual object.

19. The method of claim 18, wherein the tangible inter-
face object is present in the first video stream and wherein
presenting, the virtual object further comprises:

presenting using the processor of the computing device,

the virtual object within the second virtual scene.

20. The method of claim 18, wherein the field of view of
the rear facing camera is redirected towards an activity
surface located in front of the computing device using a
camera adapter.

21. The method of claim 20, wherein the camera adapter
redirects the field of view of the rear facing camera by
wrapping light reflected off of the activity surface into the
rear facing camera.



