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USING MULTIPLE CAMERAS TO STITCH A CON SGLH)A’E’E&) 3D DEPTH

MAP

FIELD
The present application relates to technically inventive, non-routine solutions that
are necessarily rooted in computer technology and that produce concreie technical

improvements,

BACKGROUND

When multiple computerized devices interact with each other at close range, they
may employ sensors such as cameras and laser range finders to map their environment. As
understood herein, three dimensional (313) depth maps may be generated by each devige of
the other devices or objects within line of sight. Such 3D depth maps are generated
typically using “time of flight” pnnciples, e, by timing the pericds from laser
transmission to reception of each reflection, with regions of an object further away taking
longer for the light to propagate to it and then retum to a detector. The time of flight for
gach detected reflection by a sensor, typically a complementary metal oxide
semiconductor (CMOS) camera, is converted to distance to generate the depth roap.

As understood herein, a problem with time of flight 3D camera mapping systems is
the tllurnination of the camera's field of view by a laser. As the distance increases (depth),
the reflected laser power drops 50 the noise increases. This means that the accuracy of the
depth map decreases and the measurement fime increases {averaging) A brute force
response o this problem would be to increase the illumination by increasing the laser

power, but this method raises safety issues and power consumption issues.

{



WO 2018/118564 ‘ PCT/US2017/066034

SUMMARY

As envisioned herein, a system of multiple independent computer devices which
may of may not be mobile can be used in an example indoor setting, potentially on a flat
surface. Bach device may include a laser emitier and a camera for detecting reflections of
faser light emitted by the device, so that plural of the devices can generate their pwn dept’h
maps showing images within the field of view of their cameras. The 31 depth maps from
multiple cameras at potentially arbitrary locations can be aggregated o create a more

“accurate 3D depth map of the area covered by all the individual cameras.

Because GPS cannot feasibiy be used to determine the individual camera locations
of the individual devices, present principles recognize that the cameras can image several
other devices/cameras in the system. Each device/camera may be assigned a unigue
identification such as a unique number and a mechanism to identify, either electronically
or visually, devices in its field of view. Using this information, the relative locations of the
cameras can be calculated for purposes of aggregating the multiple depth maps.

Accordingly, in one aspect a device includes at haagt one compuier medivun that is
not a transitory signal and that in turn ioncludes instructions executable by at least one
processor to generate, using a first device, at least a first fmage of second and third devices
in a field of view of a camera. The first image is a first 3D depth map. The instructions are
executable to receive from at least one of the second and third devices information useful
for generating a second 3D depth map including an tmage of the first device, and to
generate an aggregate 313 depth map using the first and secon& 3D depth maps. A method
and a multi-device assembly ihcorporating these principles are also disclosed.

In exahipie embodiments the instructions can be executable to exchange device

identifying information with the second and thivd devices. The information useful for

2
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generating a second 31 depth map can include the device identifying information, and the
first and second 3D depth maps may be generated by a single camera located in respective
first location and second locations. Or, the information useful for generating a second 3D
depth map may include an image of the first device taken by the sscond device.

In some example embodiments the instructions can be execuiable to receive from
at least one of the second and third devices information uvseful for generating a third 3D
depth map including an image of the first device, and to generate an aggregate 3D depth
map using the first, second, and third 3D depth maps. If desired, the instructions may be
executable to determine a distance to a device corresponding to an image in the first 3D
depth map at least in part based on a size of the image. Example implementations envision
the instructions being executable o alter aspects of images in the first and second 3D
depth maps for a reference location o render a.iterevd tmages in the aggregate 3D depth
map.

The detatls of the present application, both as to its structure and operation, can be
best understood in reference to the accompanving drawings, in which like reference

numerals refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of an example device;
Figure 2 1s a'block diagram of a aystem shavwing two devices, it being understood
that more than two devices may be used;
Figure 3 is a schematic fop view of two devices showing field of view of the
devices;/

Figure 4 is a schematic top view of three devices;

o
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Figure § schematically shows a depth map as generated by a first device in Figure

4,

Figure 6 schematically shows a depth map as generated by a second device in
Figure 45

Figure 7 schemaucally shows a depth map as generated by a third device in Figure
4,

Figure 8 schematically shows an aggregate depth map generated using the depth

maps of Figures 5-7; and
Figure 9 is a flow chart of example logic for generating an aggregated depth map.

DETAILED DESCRIFTION

This disclosure relates generally to computer ecosystems including aspects of
multiple computerized devices. A systern herein including computerized devices may
include server and client componenis, connected over a network such that data may be
exchanged between the client and server components. The client components may include
one of more computing devices such as portable televisions {e.g smart TV,
Internet-enabled TVs), portable computers such as laptops and tablet computers, and other
mobile devices including smart phones and additional examples discussed below.  These
client devices may operate with a variety of operating environments. For example, some
of the client computers may employ, as examples, operating systems from Microsoft, or a
Unix operating system, ot operatir}g systems produced by Apple Compuier or Google.

These operating environments may be used 1o execute one or more browsing programs,
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such as a browser made by Microsoft or Google or Mozilla or other browser program that
can access web applications hosted by the Internet servers discussed below.

Servers may include one o more processors executing instructions that configure
the servers to receive and transmit data over a network such as the Internet. Or, a client
and server can be connected over a local intranet or a virtual private network,

Information may be exchanged over a network betwesn the clients and servers.
To this end and for security, servers and/or clients can include firewslls, load balancers,
temporary storages, and proxies, and other aetwork infi'astmcture for reliabulity and
security.  One or more servers rmay form an apparatus that implement methods of
providing a secure community including but not limited to social networks to network
members,

As used herein, instructions refer to computer-implemenied steps for processing
information in the systemn. Instructions can be implemented in software, firmware or
hardware and include any type of programmed step undertaken by components of the
system.

A processor may be any conventional general purpose single- or multi-chip
processor that can execute logic by means of vartous lines such as address [ines, data lines,
and conirol lines and registers and shift registers. A processor may be impiefﬁénted by a
digital signal processor (DSP), for example.

Software modules described by way of the flow charts and user interfaces herein
can include various sub~r0utinés, procedures, etc.  Without limiting the disclosure, logic

‘stated to be executed by a particular module can be redistributed to other software
modules and/or combined together in a single module and/ or made available in a

shareable library.
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Present principles described herein can be impieniented as hardware, software,
firmware, or cowobinations thereof, hence, iHusirative components, blocks, modules,
circuits, and steps are set forth in terms of their functi<}nalit§'.

Further t0 what has been alluded to above, logical blocks, maodules, and circuits
described below can be implemented or performed with a geﬁcrai PUIPOSES PrOCESsSor, a
digital signal processor {I38P), a field programmable gate array (FPGA) ot other
programmable logic device such as an application specific integrated circuit {(ASIC),
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions deseribed herein. A processor can be implemented by
a controller or state machine or a combination of computing devices.

The functions and methods described below, when bmplemented in software, can
be watten in an appropriate language such as but not {imited to C# or C++, and can be
stored on or transmitted through a computer-readable storage medium such as a random
access memory (RAM), read-ooly memory (ROM), electrically erasable programmable
read-only memory (EEPROM), compact disk read-only memory (CO-ROM} or other
optical disk storage such as digital versatile disc {(BVIDY), magnetic disk storage or other
magnetic storage devices inchuding removable thumb drives, etc. A connection may
establish a computer-readable medium.  Such connections can inchide, as examples,
hard~wired cables including fiber optic and coaxial wires and digital subscriber line (BSL)
and twisted pair wires.

Comaponents included tn one embodiroent can be used in other embodiments in any
appropriate combination.  For example, any of the various components described herein
and/or depicted in the Figures may be combined, interchanged or excluded from other

embodiments.
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"A asystern having at least one of A, B, and C" (ikewise "a sysiem having at {east
one of A, B, or €7 and "a systemn baving at least one of A, B, C") includes systems that
have A alone, B alone, gione, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.

Now specifically referring to Figure 1, an example system 10 is shown, which may
include one or more of the example devices mentioned above and described further below
in accordance with present principles.  The first of the example devices included in the
system 10 is an example computerized deviee 12.

The computerized device 12 may be an Android®-based system. The
computerized device 12 alternatively may alse include a computerized Internet enabled
{("smart”) telephone, a tablet computer, a notebook computer, a wearable computerized
device such as e.g. computerized Internet-enabled watch, a computerized Internet-enabled
bracelet, other computerized Internet-enabled devices, a computerized Internet-enabled
music  player, computerizéd Internet-enabled head phones, a computerized
Internet-enabled implantable device such as an implantable skin device, etc.  Regardless,
it is to be ualdet:stood that the computerized device 12 and/or other computers deseribed
herein is configured to undertake present principles {e.g communicate with other CE
devices to undertake present principles, sxecuts the logic described herein, and perform
any other functions and/or operations described herein).

Accordingly, to undertake such principles the computerized device 12 can be
established by some or all of the components shown in Figure 1. For example, the
computerized device {2 can include one or more displays 14 that may be implemented by
a high definition or ultrashigh definition “4K or higher flat screen and that may or may
pot be touch-enabled for receiving user input signals via touches on the display The

7



WO 2018/118564 ' PCT/US2017/066034

computerized device 12 may include one or more speakers 16 for cutputting audio in
accordance with present principles, and at least one additional input device 18 such as e.g.
an audio receiver/microphone for receiving input sound including but not limied to
audible commands to the computerized device 12 to control the computerized device 12.
The example computerized device {2 may also include one or more network interfaces 20
for communication over at least one network 22 such as the Internet, a WAN, a LAN, a
PAN etc. under conirol of one or more processors 24. Thus, the interface 20 may be,
without Hmitation, a Wi-Fi transceiver, which is aﬁ‘ example of a wireless computer
network inferface, such as but not limited to a mesh network transceiver. The interface 20
may be, without limitation a Bluetooth transceiver, Zigbee transceiver, WA transceiver,
Wireless USB transceiver, wired USEB, wired LAN, Powerline or MoCA. It is to be
understood that the processor 24 controls the computerized device 12 to undertake present
principles, including the other elements of the computerized device 12 described herein
such d% e.g. controlling the display 14 to present images thereon and receiving input
therefrom. Furthermore, note the network interface 20 may be, e.g., a wired or wireless
modem or router, or other appropriate interface such as, eg. a wireless telephony
fransceiver, or Wi-Fi transceiver as mentioned above, etc.

In addition 1o the foregoing, the computerized device 12 may also include one or
more put ports 26 such as, e.g., a high definition multimedia tnterface (HDMU) port or a
USEH port to physically connect {e g using a wired connection} to another CE devic
and/or a headphone port to connect headphones to the computerized device 12 for
presentation of audio from the computerized device 12 1o a user through the headphones.
For example, the inpuf port 26 may be connected via wire or wirelessly to a cable or
satellite source 26a of audio video content.  Thus, the source 26a may be, ¢.g., 3 separate

S
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or integrated set top box, or a sateiiiielreceiver. Or, the source 26a may be 8 game console
ar disk player containing content that might be regarded by a user as a favorite for channel
assignation purposes described further below.

The computerized device 12 may further include one or more computer memories
28 such as disk-based or solid state storage that are not transitory signals, in some cases
embodied in the chassis of the device as standalone devices or as a personal video
recording device (PVR) or video disk plaver either internal or external to the chassis of the
device for playing bz;c:k AV programs or as removable memory media.  Alse in some
embodiments, the computerized device 12 can include a position or location recetver such
as but not himited to a celiphone receiver, GPS receiver and/or altimeter 30 that is
cenﬁgured to e.g. receive geographic position information from at least ons sateili_jte or
celiphone tower and provide the information to the processor 24 andfor determine an
altitude at which the computerized device 12 is disposed tn conjunction with the pr‘ocessdr
24.  However, it 13 to be understood that that another suitable position receiver other than
a celiphone receiver, GPS receiver and/or altimeter may be used in accordance with
present principles to e.g. determine the location of the computerized device 12 in e.g. all
three dimensions.

In some embodiments the computerized device 12 may include one or more
caﬁxeras 32 that may bhe, e.g, a thermal imaging camera, 8 digital camera such as a
webcam, and/or a camera integrated into the computerized device 12 and controllable by
the processor 24 to gather pictures/images and/or video in accordance with present
principles.  Also inciuded on the computerized device 12 may be a Bluetooth tra.ﬁsceiver

34 and other Near Field Communication (NFC) element 36 for conununication with other
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devices using Blustooth and/or NFC teqhn@ibgy, respectively.  An éxampie MNFEC element
can be a radio frequency identification (RFID) element.

Further still, the computerized device 12 may include one or more auxiliary
sensors 37 {eg a motion sensor such as an accelerometer, gyroscope, cyclometer, or a
magnetic aensor, an infrared (IR} sensor for receiving IR conwpands or other signals from
a remote countrol or laser, an optical sensor, a speed and/or cadence sensor, a gesture
sensor (e.g. for sensing gesture command), etc.) providing input to the procegssor 24, The
computerized device 12 may include one or more motors 38, which may be a
battery-powered motor, and one o more actuators 39 coupled to the motor 38 and
configured to cause the device 12 to ambulate. In one example, the actuator 39 is a simple

axle-and-wheel actuator that can be energized by the motor 38 to cause the device 12 1o
roll across a surface. In another example the actuator 39 may include one or more linear
actuators with joints to cause the device 12 to move in a robonie, walking-type fashion on
multiple legs. These are but two examples of motion actuators that can be included in the
device §2.

In addition to the foregoing, it is noted that the computerized device 12 may also
inélude an infrared (IR} transmitter and/or IR receiyer and/or IR transceiver 42 such as a
laser or an IR data gssociation {(IRDA) device. A battery {not shown) may be provided
for powening the computerized device 12,

St referring to Figure 1, in addition to the computerized device 12, the system 10
may include one or more other computer device tvpes that may include some or all of the
componenis shown for the computerized device 12 and that may wirelessly communicate

with the device 12 to control 1. In one example, a first device 44 and a second device 46
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“are shown and may include similar componenis as some or all of the components of the
computerized device 12, Fewer or greater devices may be used than shown.

In the example shown, to illustrate present principles all three devices 12, 44, 46
are assumed to be members of a local network in, g, a d\#eiiing 48, illustrated by dashed
lines.

The examople non-limiting first device 44 may 1nclude one or more touch-sensitive
surfaces 50 such as a touch-enabled video display for receiving user input signals via
touches on the display. The first device 44 may include one orvmore speakers 32 for
outputting audio in accordance with present principles, and at least one additional input
device 54 such as e.g. an audic recetver/microphone for e.g. entering audible conymands to
the first device 44 to control the device 44, The example first device 44 may also include
ane or mare network interfgces 56 for communication over the network 22 under conirol
of one or more processors 38, Thus, the interface 56 may be, without himitation, a Wi-Fi
transcetver, which is an example of a wireless computer network interface, including mesh
network interfaces. ¥ 18 to be understood that the processor 58 controls the first device
44 to ;n‘:deﬂ:a.ke present principles, including the other elements of the first device 44
described herein such as eg controlling the display 50 to present images thereon and
receiving input therefrom. Furthermore, note the network interface 56 may be, eg, a
wired or wireless modemn or router, or sther appropriate interface such as, e.g., a wireless
telephony transceiver, or Wi-Fi transceiver as mentioned above, etc.

in addition to the foregoing, the first device 44 may also include one or more input
ports 60 such as, e.g., a HBMI port or 2 USB port to physically connsect {e. g using a wired
connection} to another computer device and/or a headphone port to connect headphones (o
the first device 44 for presentation of audio from the first device 44 (0 a user through the

L
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beadphones.  The firse device 44 may further include one or more tangible computer
readable storage medium 62 such as disk-based or solid state storage.  Also in some
embodiments, the first device 44 can include a position or location receiver such as but now
iniited 1o a cellphone and/or GBS receiver and/or altimeter 64 that is configured 1o e.g.
receive geographic position information from at least one sateliite and/or cell tower, using
triangulation, and provide the information to the device processor 58 and/or determine an
altitude at which the fivst device 44 is disposed in conjunction with the device processor
S8, However, it is to be understood that that another suitable position receiver other than
a cellphone and/or GPS receiver and/or altimeter may be used in accordance with present
princi@es to e.g. determine the location of the first device 44 in e.g. all three dimensions.
Continuing the description of the first device 44, in some embodiments the first
device 44 may include one or more cameras 66 that may be, eg, a thermal imaging
v‘camera, a digital camera such as a2 webgeam, etc. Also included on the first device 44 may
be a Bluetooth transceiver 68 and other Near Figld Communication (NFC) element 76 for
communication with other devices using Blustooth and/or NFC technology, respectively.
An example NFC element can be a radio frequency identification (RFID) element.
Further stifl, the first device 44 may include one or more auxiliary sensors 72 {e.g.,
a motion senzor such as an accelerometer, gyroscops, cyclometer, or a magnetic sensor, an
infrared (IR} sensor, an optical sensor, a speed and/or cadence sensor, a gesture sensor
{e.g for sensing gesture command), etc.) providing input o the CE device processor 38,
The first device 44 may include still other sensors such as e.g. one or more climate sensors
74 {e.g barometers, humidity sensors, wind sensors, light sensors, temperature sensors,
ete.) and/or one or more biometric sensors 76 providing input to the device processor S8,

In addition to the foregoing, it s noted that in some embodiments the fust device 44 may

12
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also include an infrared (IR) transmitter and/or IR receiver and/or IR transceiver 78 such
as a laser or an IR data association (IRDA) device. A baitery may be provided for
powering the first device 44.  The device 44 may communicate with the computerized
device 12 through any of the sbove-described communication modes and related
COMponents.

The second device 46 may include some or all of the components described above.

Now in reference to the afore~-mentioned at least one server 80, it includes at feast
one server processor 82, at least one computer merory B4 such as disk-based or solid state
storage, and at least one network interface 86 that, under control of the server processor
82, allows for commumication with the other devices of Figure 1 over the network 22, and
indeed may facilitate communication between servers, controllers, and client devices in
accordance with present prnciples. Note that the network interface 86 may be, eg, a
wired or wireless modem or router, Wi-Fi transceiver, or other appropriate interface such
as, e.g., a wircless telephony transceiver.

Accordingly, in some embodimems the server 80 may be an Infemet server, and
may include and perform “cloud” functions such that the devices of the sysiem 10 may
access a “cloud” environment via the server 80 in example embodiments. O, the server
8¢ may. be implemented by a game ccnsolé or other computer in the same room as the
other devices shown in Figure 1 or nearby.

Figure 2 shows that multiple devices 12, 12A may be controlled by reapective CE
devices 44, 46 to interact on a surface 200 such az a #lat planar surface.

Figure 3 shows that the first device 12 may have a camera providing a field of
view {(FOV} with a FOV angle 300. The first device 12 may enit laser range-finding light
such "as IR light along one or more range finding axes 302, The camera may be

13
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implemented by a complementary metal oxide semiconductor ({MQO8) camera that can
detect both visible and infrared light so as to be able to produce still or video images along
with detections of laser reflections for purposes of generating a depth map. -

Likewise, the second device 12A may have a camera providing a feld of view
(FOV) with a FOV angle 304, The first device 12 may emit laser range-finding light such
as IR light along one or more range finding axes 306. More than two devices may be used.
In the example shown, each device is within the FOV of the other device, and the FOVs of
the devices overlap as shown. The devices 12, 12A emitting their respeciive laser beams
establish an optical micro-mesh.

Figure 4 illustrates a system 400 with three devices 12, 12A, 12ZB implemented by
any of the devices described herein. Ag divulged further below, each device generates its
owWn dépth map by imaging the other devices within s field of view. The depth maps are
aggregated together for 3 reference location that may be user-defined. In the example
shown, the disclosure below assumes a reference location 402 located centrally in the
system 400, Gther reference locations may be modeled, including using one of the devices
12, 12A, 128 as a reference location. For descriptién purposes, assume that the arrows
404, 406, 408 respectively represent the centerdine axis of the fleld of view of each device
12, 1ZA, 12B.

With the above description of Figure 4 in mind, Figures 5-7 respectively show
depth maps 500, 600, 700 generated by each device 12, 124, 128 of the other deviges in
tts FOV. Some of the images are larger than others because the device comresponding to
the larger image i3 closer to the imaging device than the device corresponding to the
smaller image. The depth maps can be 31 depth maps as shown, and the relative locations
of the devices are known to the other devices according 1o further description below. Thus,

14



WO 2018/118564 PCT/US2017/066034

sach depth map includes not only the images of the other devices but their relative
locations with respect to the imaging device, which knows the direction its respective
centerline axis is in and thus the angular offset of each image from that centerline axis.
The absolute locations of the devices may be deternuned if desired using, e.g., the absolute
focation of any one of the devices using, for instance, its GPS location.

Dhstance to each imaged device may be determined by correlating the size of its
image to distance. For example, since the size of each device can be known and
preprogramned into each of the devices, a reference image size, e.g . height, can be
correlated with a reference distance. Linear interpolation can be used to then associate
smaller image sizes than the refers%nce size with greater distances than the reference
distance and larger image sizes than the reference size with lesser distances than the
reference distance.

The de;ﬁh maps 500, 600, 700 are aggregated into a single aggregate depth map
800 referenced to the reference Iocgtion 402 in Figure 4. The aspects of each image in the
aggregate depth map 800 are aliered as appropriate for the angle and distance each device
is from the reference location 402. This may be done because cach of the three devices in
the example shown is present in two of the three depth maps, and presents a different
aspect in each depth map the device appears in. One or more of the processors deseribed
herein can execute a graphics engine to access the multiple aspects of each imaged device
and present a single image of the device with the aspect it would present when viewed
from the reference point 402, as shown in the aggregated depth map 300 of Figure 8.

Figure ¢ illustrates further. Commencing at block 900, the devices 12, 124, 128
image each other and at block 902 may exchange identifications or otherwise recognize
cach other using irnage recognition, so that each device can know the, e.g., the size of the

15



WO 2018/118564 PCT/US2017/066034

other devices {based on ID) and the relative locations of the devices relative to the imaging
device. Additionally, it desired one or more objecis in the field of view of each camera can
be used to help stitch the images logether by referencing specific/common points. In other
words, the devices can exchange information such as image information or image
recognition information derived from emecuting image recognition algorithms on the
image to inform other devices of one or more non-CE device objects (such as, e.g., a pen,
a projector, a chair, eic.) in the FOV of the device. Each device may then compare the
received information from other devices to determine if the same object(s) are in its FOV
and in this way use comumonly recognized Objects as reference points in knowing what the
FOV of the other device cameras is.

At block 904 the depth maps 300-700 are geﬁerated by the respective devices by
imaging reflections of the ranging laser light. The locations of the devices are determined
at block 906 using example principles above, and based on the device locations and the
reference location for the aggregated depth map, the aggregated depth map BOO is
generated as described above.

In another embodiment, synthetic 3D depth mapping may be executed using the
principles above, except that instead of using multiple cameras, a single camera is used to
generate a 3D depth map in a first location, then moved to other locations {0 generate
additional 3D depth maps of the same object, with the various depth maps being stitched
together.

While palrticular technigues and machines are herein shown and described in detail,
it is to be understood that the subject matter which is encompassed by the present

tnventton is limited only by the claims.
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WHAT IS CLAIMED IS

1. A device comprising;

at least one computer medium that is oot a transitory signal and that comprises
instructions executable by at least one processor to:

generate, using a first device, at least a first irnage of second and third devices in a
field of view of a camera;

the first image being a first 3D depth map,

receive from at least one of the second and third devices information useful for
generating a second 313 depth fnap including an image of the first device; and

generate an aggregate 31 depth map using the first and second 3D depth maps.

2. The device of Claim 1, wherein the instructions are executable to;

exchange device identifying information with the second and third devices.

3. The device of Claim 1, wherein the information useful for generating a
second 3D depth map includes the device identifving information, and the first and second
3D depth maps are generated by a single camera focated in respective first location and

second locations.

4. The device of Claim 1, wherein the information useful for generating a

second 313 depth map includes an image of the first device taken by the second device.

5. The device of Claim 1, wherein the instructions are exscutable to;

~d
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receive from at least one of the second and third devices information useful for
generating a third 313 depth map including an image of the first device; and
generate an aggregate 3D depth map using the first, second, and third 3D depth

maps.

6. The device of Claim |, wherein the instructions are executable to:
determine a distance to a device corresponding to an image in the first 3D depth

map at least in part based on a size of the image.

7. The device of Claim |, wherein the instructions are executable to:
alter aspects of images in the first and second 3D depth maps for a reference

location to render altered images in the aggregate 3D depth map.

8. An assembly comprisiﬁg:

plural computerized devices,

each computerized device comprising at least one laser emitter configured to
output signals useful for generating at least one three dimensional (3D2) depth map;

a first one of the computerized devices being programmed with instructions to:

generate, using the first device, at least a first image of second and third devices in
a field of view of a camers;

the first image being a first 3D depth map;

receive from at least one of the second and third devices information usefild for
generating a second 3D depth meap including an image of the first device; and

generate an aggregate 3D depth map using the first and second 3D depth maps.

i8
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2. The assembly of Clatm 8, wherein the instructions are executable to

exchange device identifving information with the second and third devices.

10, The assembly of Claim 8, wherein the information useful for generating a -
second 3D depth map includes the device identifying information, and the first and second
3D depth maps are generated by a single camera located in respective first locaiion and

second locations.

11 The assembly of Claim 8, wherein the information useful for generating a

second 3D depth map includes an image of the first device taken by the second device.

12. The assembly of Claim 8, wherein the instructions are executable to:

receive from at least one of the second and third devices information useful for
generating a third 3D depth map including an image of the first device; and

generate an aggregate 3D depth map using the first, second, and third 3D depth
maps.

13 The assembiy of Claim 8, wherein the instructions are executable to

determine a distance to a device corresponding to an image in the first 3D depth

map at least in part based on a size of the image.

{4 The assembly of Clairo 8, wherein the instructions are executable to:
alter aspects of images in the first and second 3D depth maps for a reference

tocation to render sltered images in the aggregate 3D depth map.

1o
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18, A method comprising:

generating, using a first device, at least a first image of second and third devices in
a fleld of view of a camera;

the first image being a first 3D depth map;

receiving from at least one of the second and third devices information useful for
generating a second 3D depth map including an image of the first device; and

generating an aggregate 3D depth map using the first and second 30 depth maps.

16, The method of Claim 1§, comprising:

exchanging device identifying information with the second and third deviges.

17 The method of Claim 15, wherein the information useful for generating a
second 30 depth map includes the device identifying information, and the first and second
3D depth maps are generated by a single camera located in respective first location and

second locations.

i8. The method of Claim 15, wherein the information useful for generating a

second 313 depth map includes an image of the first device taken by the second device.

19, The method of Claim 15, comprising.
recetving from at least one of the second and third devices information useful for

generating a third 31 depth map including an image of the first device; and

20
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generating an aggregate 3D depth map using the first, second, and third 312 depth

maps.

20, The method of Claim 15, comprising;
altering aspects of images in the first and second 3D depth maps for g reference

focation to render altered images in the aggregate 3D depth map .
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