100

1/15

102 —
104 —|

106 — |

108 —

120 —

122 —

SERVER

PROCESSOR

—

MEMORY

3D VIRTUAL ENVIRONMENT
110

x 110 %

B ad
A

DATA EXCHANGE MANAGEMENT
MODULE

MACHINE VISION MODULE I

FIG. 1

118




200

122
AN

2/15

120
\

DATA EXCHANGE
MANAGEMENT MODULE

116 112

6

\ USER

COLOR IMAGE

MACHINE VISION
MODULE
204 J
\ y

IDENTIFY KEY FACIAL LANDMARKS

v

ASSOCIATE VIEW OF VIRTUAL CAMERA
TO COORDINATES OF IDENTIFIED KEY
FACIAL LANDMARKS

TRACK MOVEMENT OF KEY FACIAL
LANDMARKS

¥

ADJUST POSITION AND ORIENTATION OT}

VIRTUAL CAMERA

¢ //214

///210

HEAD TRACKING
METADATA

DYNAMICALLY SELECT
ELEMENTS OF VIRTUAL
ENVIRONMENT

FRAMES

-

114

108
Z

VIRTUAL
ENVIRONMENT

i)

FIG. 2A



200

3/15

116

122 \ 120
\ -
MACHINE VISION DATA EXCHANGE
MODULE MANAGEMENT MODULE
USER A
¢ COLOR IMAGE
FRAMES & D
210 ,], 216
e
L VIRTUAL
HEAD TRACKING CAMERA | AA
METADATA PERSPECTIVE
v x5 22
IDENTIEY /
GRAPHICAL RENDER
/ ELEMENTS 11 6 MODIFIED
USER B VIRTUAL
218 CAMERA
) |
Y .,
VIRTUAL
ENVIRONMENT
208

FIG. 2B



4/15

304 314 300
L}
' DATABASE . 316
a 1
+ 7 DISTRIBUTED DATABASE Az
i SPATIAL DATA BUS | MANAGEMENT ;/
L)
, MICRO SERVICES , 310
: i 306
' WEB/APPLICATION SERVERS : 308 320 \ 324
r i.. - W . . - NN O B B O O O O O O O O . ----.
. SECURE / / P2P COMMUNICATION / ,
' COMMUNICATION : 4
, PROTOCOLS # P2P COMMUNICATION [RENDERING| ~ COMPUTER
.. : PROTOCOL ENGINE | VISION LIBRARY,
DOWNLOADABLE/WEB APPLICATION \ 322
\ GRAPHICAL USER INTERFACE
N 328 CLIENT DEVICE \

\ 302 \326

FIG. 3



5/15

FIG. 4A



6/15

FIG. 4B



7/15

400 402

FIG. 4C



8/15




9/15

400 o 416

FIG. 4E



10/15

500 i
\ 502 504

: e © ©OV 1\2‘@_

FIG. SA



11/15

500 506
\ 502




12/15

500
502 510

FIG. 5C



604

\J CLIENT DEVICE THAT COMPRISES 6 DEGREES OF FREEDOM

606

608

f

13/15

600a

602
AN

( IMPLEMENTING, BY A COMPUTER SYSTEM, A 3D VIRTUAL
ENVIRONMENT CONFIGURED TO BE ACCESSED BY A
PLURALITY OF CLIENT DEVICES, EACH HAVING A
CORRESPONDING USER GRAPHICAL REPRESENTATION
WITHIN THE 3D VIRTUAL ENVIRONMENT. EACH USER
GRAPHICAL REPRESENTATION HAVING A CORRESPONDING
VIRTUAL CAMERA COMPRISING A VIEW OF THE 3D VIRTUAL
ENVIRONMENT PRESENTED THROUGH A DISPLAY TO THE
CORRESPONDING USERS OF THE CLIENT DEVICES, WHEREIN
THE COMPUTER SYSTEM ENABLES EXCHANGING VIDEO
AND AUDIO DATA BETWEEN USERS OF THE 3D VIRTUAL
ENVIRONMENT TO PROVIDE VIDEO COMMUNICATIONS IN
\_ THE 3D VIRTUAL ENVIRONMENT

J

A 4

~N
RECEIVING HEAD TRACKING METADATA OF A FIRST

HEAD TRACKING INFORMATION GENERATED IN RESPONSE
TO TRACKING MOVEMENT OF KEY FACIAL LANDMARKS

OBTAINED FROM VIDEO OF A FACE OF A FIRST USER OF THE
FIRST CLIENT DEVICE, WHEREIN A FIRST VIRTUAL CAMERA
COMPRISES A VIEW OF THE 3D VIRTUAL ENVIRONMENT

e PRESENTED TO THE FIRST USER )

A
( IDENTIFYING GRAPHICAL ELEMENTS WITHIN A FIELD OF )
VIEW OF A SECOND VIRTUAL CAMERA COMPRISING A VIEW
OF THE 3D VIRTUAL ENVIRONMENT PRESENTED TO A
SECOND USER OF A SECOND CLIENT DEVICE, WHEREIN THE
IDENTIFIED GRAPHICAL RELEMENTS COMPRISE A USER
GRAPHICAL REPRESENTATION OF THE FIRST USER

J

Y

SENDING, TO THE SECOND CLIENT DEVICE. THE HEAD e
TRACKING METADATA OF THE FIRST CLIENT DEVICE AND

o

THE IDENTIFIED GRAPHICAL ELEMENTS -

FIG. 6A



14/15

600b

610

612\\

N .

USING, BY THE SECOND CLIENT DEVICE, THE HEAD
TRACKING METADATA TO ADJUST MOVEMENT OF A HEAD
OF THE USER GRAPHICAL REPRESENTATION OF THE FIRST

USER
o J

v

RENDERING AND PRESENTING A MODIFIED
PRESENTATION OF THE VIEW OF THE SECOND VIRTUAL
CAMERA INCLUDING THE USER GRAPHICAL
REPRESENTATION OF THE FIRST USER AND

-

L CORRESPONDING GRAPHICAL ELEMENTS y

FIG. 6B



15/15

600c

614
AN

SSOCIATING THE VIEW OF THE FIRST VIRTUAL CAMERA TCj

THE COORDINATES OF THE KEY FACIAL LANDMARKS

:

TRACKING MOVEMENT OF THE KEY FACIAL J

=)

616

LANDMARKS IN 6 DEGREES OF FREEDOM BASED ON THE
MOVEMENT OF THE HEAD OF THE FIRST USER

I

ADJUSTING POSITION AND ORIENTATION OF THE FIRST J

—

618 VIRTUAL CAMERA BASED ON THE TRACKED MOVEMENT OF

THE KEY FACIAL LANDMARKS

I

YNAMICALLY SELECTING THE ELEMENTS OF THE WJRTUAj

7

620 ENVIRONMENT BASED ON THE ADJUSTED POSITION OF THE

VIRTUAL CAMERA

I

622 PRESENTING THE SELECTED ELEMENTS OF THE VIRTUAL ]

—o

ENVIRONMENT TO THE USER

FIG. 6C



