US011636658B1

a2 United States Patent 10) Patent No.: US 11,636,658 B1

Tsal et al. 45) Date of Patent: Apr. 25, 2023

(54) DYNAMIC AUGMENTED REALITY (58) Field of Classification Search
OVERLAY DISPLAY CPC oo, GO6T 19/006: GO6T 7/10; GO6T 7/50:;
GO6T 7/70; GO6V 20/70; GO6V 10/82
(71) Applicant: Google LLC, Mountain View, CA (US) USSP oo, 345/633

See application file for complete search history.
(72) Inventors: Yi-Hsuan Tsai, Santa Clara, CA (US);

Chen-Ping Yu, Cupertino, CA (US);

Myvictor Tran, Vancouver (CA) (56) References Cited

U.S. PATENT DOCUMENTS

(73) Assignee: Google LLC, Mountain View, CA (US)

2018/0089895 Al* 3/2018 Anderson ................. GO6F 3/00
(*) Notice: Subject to any disclaimer, the term of this 2020/0402296 Al1* 12/2020 Rosmeulen ........... GO06T 15/503
patent is extended or adjusted under 35 2021/0287385 Al* 9/2021 Watson .................. GO6N 20/00

U.5.C. 154(b) by O days. * cited by examiner

(21) Appl. No.: 17/736,978 _ _ _
Primary Lxaminer — Hail Tao Sun

(22) Filed: May 4, 2022 (74) Attorney, Agent, or Firm — Shumaker & Sieflert,
P.A.
(51) Int. CL
GO6T 19/00 (2011.01) (57) ABSTRACT
GO6T 7/50 (2017.01)
GO6T 7/70 (2017.01) Three-dimensional occlusion can be used when generating
GO6T 7/10 (2017.01) AR display overlays. Depth mformation can be used to
GO6V 10/82 (2022.01) delete portions of an AR element, based on intervening
GO6V 20/70 (2022.01) objects between a viewer and the AR element. In cases
(52) U.S. CL where the depth information does not impart a complete
cPC GO6T 19/006 (2013.01); GO6T 7/10 picture of the intervening objects, additional 1mage process-

(201701) GO06T 7/50 (201701) G06T 7/70 lllg and objec‘[ detection Systems and tEChlliqllE:S can be used

(2017.01); GO6V 10/82 (2022.01); GO6V to further improve the precision of the occlusion.
20/70 (2022.01); GO6T 2207/10016 (2013.01);

G061 2207/20054 (2013.01) 15 Claims, 11 Drawing Sheets
100
702~
f,.__l_._‘
L Start )
704~ l

Determine if object pixels with distances less than
icon distances

706 L
l Perform image segmentation (iabel pixels)
708

Defermine same - seg - iabel pixels

710~ l

Determing intervening object based on same - 384 - label

712~

I Crase icon pixels overlapping intervening object pixels
714~ l

] (zenerate output image

716~ L
( End D

S




U.S. Patent Apr. 25,2023 Sheet 1 of 11 US 11,636,658 B1

o0
-
b "W
,,,,, maQamri £y £ o O T £ P
1 O3
-
b
e L gmae
O
f i
<O
~ D
o

104

102




U.S. Patent Apr. 25,2023 Sheet 2 of 11 US 11,636,658 B1

202

202

202

FIG. 2

204
a
/




U.S. Patent Apr. 25,2023 Sheet 3 of 11 US 11,636,658 B1

Video
Feed

AR Overlay | Spatial Pecepton |



(S)iePON
uoiBwLIo] 198l00

US 11,636,658 Bl

m ABlIBAQ HY PEPNASC BINPOW uoi8la( 198ig0
Z -9l ¥
m., i m_mm%muoo 3INPO uoneusWwbag
g o
3INPOA
e uojewns3 yada(g

oaws\x ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

U.S. Patent

-0

aluel abew

pUC

ABBAQD MY - Wdld

¢Op



U.S. Patent Apr. 25, 2023 Sheet 5 of 11 US 11,636,658 B1

500
502
 otart
504
506
Generate depth map |
508
Uetermine icon location in |
environmentimage frame |
510
Determine intervening object |
T AN S
514
Generate an overlay based on the mask |
6~ o4
Generate output |

518~ 4
End )

FIG. 5



U.S. Patent Apr. 25,2023 Sheet 6 of 11 US 11,636,658 B1

o= R L UR, SRR, e

. u N ]
A Ly "l Ea e N SN Foa k-
. . 3 . . 4 . - A - . [N NN - k hom k-
R N NN et e e - » e -
wm“’" F% N M N ) |.|..|.4-J,-Ir|.:.:-._-_- . *l:b‘111
o *_""l"l' LA - e ey -
" N Ir|r:||"-| - -: 'rlrilr:a"-|
. T -
. [l T - ok bk -
b:l‘l"!' - * *"":"“J.l
. * q-*ﬁ- b*j.-|.
Fkomoa - v Sk Fom
Fhomo o= Xk b & on
k homoao- r iy X e g om -
F homoa - F i Xk K & ow
omowo= o \-bq--I
Fsow - [ ok b & ow
A hoa - r Pl Sl St
[T s ok hodow
rFhowo- .k o Sl
[ r i o S
[T . Bk X kX k
[T - P X dr ok drow
Fhoa o= - -k il S
[T - s I ey
rhomoa - - q-qu-l.
Fhoa - - ok X dr g dow
[ T -k P o
r hom o= - e 5 XK K I
[ ok o
[l - P R
[ Tt P ah Xk X b
[ T R [ X B
[T -k X kX b
A EE R . T » X
b b= “ . o
R X R
[l S .. r F ol R ]
o [ X B
ok b= - “em X kX h
K bk Bonon - " bk X B X
Xk b omo o= - “ . r R Y
e b ov o= P x
Sk b omono- “ o om X w
o S
[ o . " "
s ruon - -
¥y o - r
X r b o oa - = kb h [ ]
r **Ibl'!'_ [ | .I | W ] r
¥ *l-:lr:lr.rl:-‘- ) 1'-:-.1- . 'll-'ll-:l-: r
I
v P NI . » v
" » A ) l-"q-*a-*t"t':'-' ECH F A e el .-.ll'!'-'ll- ¥
) e el ERN N A " " v
N "'..".. L LA - BERCREA NI o Al A "y "
r e o e PRI N P A A A A A .
r - P AU R x R A ]
r e F e N U N A A A A )
Ir:lr: s -I:I :Ii*a -Il:ll:lr:lr:_lr:i:- :1:-:-: :i u :l:n:n:a:n::.hﬁ.:h . ll:ll:
AT A X o e PN A - - i i i
P o A P A RN Pl .anannn-.hllﬂnil. I.llll.
RN e o W NNE PN e e ]
v e T A W A - G ol A A a .
P o e ol oy P A R P o L . .
cg > @ v e e i PN NG P A A e
ibvrlr e P A RN A mon A
b e e ) M A - o T e i e oA
P o o ool o EOE I U NG N N a2 o o ol i i L AN
A ML oo et et e et M e M WA MM MO BN LML o  al aa e LA A ]
N PO L 3 o o A L I A A AL A A A R R e a e o ae  ALA ALAALA i i
O o A A e LA A R LA e et P N e e o i A A
N e i e i i i i i i i i i i i WA R A X O i i i i i iy, iy i
N o o o ol L e L L N N 2o A e e T e e I e i Nl X%
i i e i, i XA AR A A A el ar o T el e i e XXX
X i I N TR e e T e T o T e i I I i ke
A e A 5 e T R T AT R PR N, o g e R e AR A,
w E&li e e e a A AL e ma a LA AA N N A AT S e i) e O O I X R K N XX
P RO N e, B e R R R R A e e » : F el el
e R N W o e ks WX Y Y X AKX X
) R A T, A X T T T O R L 7 e e e e A e A X AE N K
) o o g o e a e L o R N M AL A S N N AN ) AR RN
) a2 e e e A N R N N A N R N
- N A e W o X A R s X XA X
) ROl Al A, i R AR AR R AR Ry AR A
- i n e e A A R MR A M A R M A o) AKX RN
] Rl L, o N R M RN N M BN K
o a ad R I N B A SN AR Ry
o RN AR A T - PR
n : Lo R R R R AL A At ) : E N )
n O S R e e A MR . m Farar
n N N A M M A NN 1 B AR R R X kK
x » R R N A A R M R
W R R A R A e e T e BA R R R R AT K
X e R M MR N - A RN RN NN
N R R A e T i B B B
2o L S N N M N N A A A AR R RN
Y O L PR A R R R A N A AR R R K R AN K
e R A A A M A A - A AL AL O NN M)
Vi) R R A e e T i i R R R AR R A
A R N N M M NN NN, A A A - A N
AL R R Ry e TR i "
A A R R R T e i) Pt
) AN R R Ak x  W F o
X R M A A M M AN A A A ]
! BA R R R R AT R AR R K Y A R A
Y R R N R N R N R N A - RN
% R N R R M R N R S M
e o R R SR N R NN N N N
. A R R Rt R R R »
. 2 R R A e M RN R -
o at NN e R e N »
:' A -""‘-‘.i'";‘q*q- . I P 1 .
o n o e i aie WMREMN
L et e N
M
.'-‘*q-* -----
...... "‘4‘_1.-
& 5 IR
e,
* & & I
.
[
o
)
.
)
N
|.:|.:q.: ............
.
w5 & I
.
& & IR
.
)
.
Lz - - - - - .o
.,
A
.
A
A
)
M -
)

o

.i:'d

620

F)
L L N NG B
I- |‘|":|:i:-i * ¥ #:# & X
A A MO ""i***
»
L]

-

ERENEN )

620

Mo M X N N M
L)

N
H

-
L NN

o
)

O )
P )

A li'i‘#
N Ii'i-l-lkiil'

oo X M K K
L)

M

H
-]
ol
]
X

|
L |
M_

&
'.-h
&

)
|
-
|

.II
-
|
|
]
[ ]
*
-
[ ]
*
-
[ ]
*
*
[ ]
*

l:t-
[ ]

-

o

-------IIIIIII-IIIII L
-H-l M_M N I-I.I.I.I.I. “-I*Jr ’
MAA AN AN RN NN N
M AN A NN NNEEN L L N
A A AN N B N NN -
A A_N_A L L B
A_A lll...... L ]
: Ly AA A A AN : I-IIIII.I-I. -"i"l‘ i

"!IIIII:::::::I"IIIII...... ‘I‘t‘

X,

F |
[ ]
3

A N M
F ]

Aol ) A o Ao o
w A N NN - AL AN A A A A A A A A " o
Ll e v N A N A A A A A A, ¥
N A A e . et ]
R - o A E NN Nty sy
x ax Cxoa EaE e
EREEN :l!?!illll.....:.:.l.. ey
e P e e e e
EE N - e n m R
L I.hl.l.l l.l.l%. M
» e ¥ X | n LR )
] M EaE n L et e
ol NN - %‘.I‘.ﬁ‘. et )
W p_4
™ 'vgx;xix:x:ngi.l Jr:lr:lr: ...h :h:h.h e 'l-‘l-"l-:l- .
M ML - My nm ¥
@ A i:l:l': e '.l...l. l-": *
e M - ¥
Lt ¥
¥ N X ¥
0 * *:‘:*: ) M 4-":
X ) o ) M AN M
R NN ML - e e e e e A ¥
X - ERELN n n W A e ol X%k
@ . .h.x-x"x"x ) Pt l..... .ﬁ N P L
i I i EN ML - WA e e i *
@ W o e EE WAoo Jr:r“'l
B Al e e e L WA ae L
WA A A e e Ltk I Xk
o o e ol i e N N B e o i ¥
B N L, A A L ekl N i i X
WA A o e L ekt BE A WA A A X o e x
N e . et e U N X X
B A A A e e et e R R WA A Al A a a a A X
WA o ol e * L et e et M0 S R ) i i i x
i e I R I - EEE XXXk k) A A A A A A A A ¥
@ . I-H:.lnnnanaaanann e n e e e e e e e e e N M 5..5..'1...'"""""""""' Jrl\‘i
oA A el e et N R A ) nE A A A A, PN
o oA e et e e e e e R R R nm A A AN AN CCE
r F
“u m'n .h...:.l.l.n.l.n-n-a-a-n-a P L D0 NN N e MM N e E AE S M LS . l.:.l.a.l.a-n-n-a-n-a.a L
e U M A I - . IEEEE N *
|, | F bk omomo v bk kododododrod b b ko k bk ko homom o [ M ] W, | F h onom N Y
.h .h.h. & b b = = = b kP bk F F kb v = = b = = = b = ® -.'.- .h .h H m L U T T i I R
N E MR NN N N L L B L N N I N N AL NN N .. | N N | - L]
- L e iy L e P

L L e e

FIG. 6A

614

iy

i TN S S A S B R A P TS T s .
ik GRS O MY A DD B BN A R B RS B AN B
by b

618 612 616 610

606

602

-,‘ ".‘. [ ‘ >

[ s

..
ey 5 T = = a1
-
)

e

-m My

- =

'-_-_



US 11,636,658 Bl

Sheet 7 of 11

Apr. 25,2023

U.S. Patent

89 Old
19

v ey
./ q.n.._.._.|1-......lr.-l.1.._.|-_.-.._1-ﬂ.-.lr ._*_.._
F O
”11.” r =
x4

L-a-ar-'-a-q-q-q-q-q-

SO G weOmes e mOeOeln 0 OeOmOwy  Om wOmDNONL A DREOEN  a
!

hMﬂu"

\

¥
11
hnmnmumnmannﬁnﬂmam&

- ¥
-‘-‘"""-""--l.-—._

e
¥
i
¥
I h -H-_“-"""""-u-..._._,_
AN W AR

hmnmmmnm‘umnmnm-n

| \

- L
— o B8 BT sy
T - 3
= g

1111111



U.S. Patent Apr. 25,2023 Sheet 8 of 11 US 11,636,658 B1

w700
702

Con
704~

Determine if object pixels with distances less than
icon distances




U.S. Patent Apr. 25,2023 Sheet 9 of 11 US 11,636,658 B1

800

Determine if image pixels with distances less
than icon distances

Perform segmentation {label)

3083

Perform object detection (tag)

810
Determine same - seq - label pixels
Determine same - obj - tag pixels

Determine image pixels with distances less
than icon distances

A S
Frase the overlap
816~

(Generate output




U.S. Patent Apr. 25,2023 Sheet 10 of 11 US 11,636,658 B1

900

Receive video stream

900

Receive an image frame from video stream

908

Determine intervening object(s)

Generate/update an intervening object mask
and occlude

_ Viore image
~._ frames?

No |

Eng

FIG. 9



US 11,636,658 Bl

Sheet 11 of 11

Apr. 25, 2023

U.S. Patent

0001

1111111111111111111111111111111111

¢eUl

AHOMLAN
WO

820t
LANHALN

OOl
e = Fite B b

0C0}
MANIT
xmog.wmz

0L "Ola

[
0001 “
[
;
m gL — “
” FO0T
| 30V4YELN m
e HOSSIONC m
“
[
[
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, m
b
I ;
7007 .
sna N~ —
: i
& ” _
{ f
| _
| ;
: , . _
. VA “
A I R i _
omaa | w,_m%m AHONEN m
JOVHOLS | | ” NIV n
“
[
[

9101
1OMINOD
H05dN0

7104
A0IAA(
1NdN

¢l
AV 1dSH



US 11,636,658 Bl

1

DYNAMIC AUGMENTED REALITY
OVERLAY DISPLAY

BACKGROUND

Field

This application relates to the field of artificial 1intelli-
gence, and more particularly to the field of generating
display overlays, using artificial intelligence techniques.

Description of the Related Art

The approaches described 1n this section are approaches
that could be pursued, but not necessarily approaches that
have been previously conceirved or pursued. Therefore,
unless otherwise indicated, 1t should not be assumed that any
of the approaches described in this section qualify as prior
art merely by virtue of their inclusion 1n this section.

Augmented reality can be used to provide a visual overlay
display on a video feed of an environment. A wealth of
information can be conveyed 1n this manner and provide an
enhanced user experience. For example, the user can be
presented with a video feed of an environment in the real
world, where multiple augmented reality 1cons and indica-
tors are overlayed on the video feed to enhance the user’s
experience of the environment portrayed 1n the video feed.
Navigation guidance, points of interest icons, and text
strings can let the user know where to go and what busi-
nesses and services are present in the environment. The
placement of AR e¢lements 1n an 1mage can be done with
consideration of where the element 1s 1n relation to the
vantage point of a user. In some applications, AR elements
can be partially or fully obstructed, based on whether an
intervening object 1s located between the user and the AR
clement, had the AR element were to exist as a physical
object 1n the environment. This gives the user a more
realistic appearance of the AR element. Existing techniques
to detect intervening objects and obscure the relevant AR
clements can be mnaccurate and/or may resent an incomplete
or mnaccurate rendering of the obscured or partially obscured
AR elements. As a result, there 1s a need for improved

systems and methods to enhance placement of AR elements
with more robust consideration for intervening objects.

SUMMARY

The appended claims may serve as a summary of this
application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagram of generating a two-dimen-
sional 1mage of an environment with an augmented reality
(AR) overlay.

FIG. 2 1illustrates an application of placement of an AR
overlay 1n an 1mage.

FIG. 3 illustrates an AR system, which can provide
improved three-dimensional (3D) occlusion.

FIG. 4 illustrates a block diagram of performing 3D
occlusion on an AR overlay.

FI1G. 5 illustrates a flowchart of a method of producing an
image irame with an AR overlay with 3D occlusion of the
AR elements 1 the overlay.

FIG. 6 A 1llustrates examples of generating an AR overlay
for an 1mage frame.
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2

FIG. 6B 1llustrates an 1image with an AR overlay produced
using 3D occlusion.

FIG. 7 illustrates a flowchart of a method of generating an
output 1mage with an AR overlay.

FIG. 8 illustrates a flowchart of a method of generating an
output image with an AR overlay from an nput image.

FIG. 9 1llustrates a flowchart of a method of generating an
augmented reality video output.

FIG. 10 1s a block diagram that illustrates a computer
system upon which one or more described embodiment can
be implemented.

DETAILED DESCRIPTION OF THE DRAWINGS

The following detailed description of certain embodi-
ments presents various descriptions of specific embodiments
of the invention. However, the invention can be embodied in
a multitude of different ways as defined and covered by the
claims. In this description, reference 1s made to the drawings
where like reference numerals may indicate identical or
functionally similar elements.

Unless defined otherwise, all terms used herein have the
same meaning as are commonly understood by one of skill
in the art to which this mnvention belongs. All patents, patent
applications and publications referred to throughout the
disclosure herein are incorporated by reference in their
entirety. In the event that there 1s a plurality of definitions for
a term herein, those 1n this section prevail. When the terms
“one”, “a” or “an’ are used 1n the disclosure, they mean “at
least one” or “one or more”, unless otherwise indicated.

Overview

Augmented reality (AR) 1s an increasingly powertul tech-
nology to improve the eflectiveness of our devices. AR
overlay displays can impart a wealth of information to a
user. For example, 1in the field of navigation, AR elements
can provide a user with a video feed of a scene augmented
with a variety of information, such as road navigation
indications and point of interest (POI) displays. The AR
clements can be 1n the form of graphics displayed on a live
video feed displayed to the user on a mobile device. Several
systems are combined to determine, placement and size of
the AR elements. In some applications of the AR technology,
the placement of AR elements 1n a scene may be accurate,
but the objects in the scene are not considered when gen-
crating and placing the AR e¢lements in the scene. For
example, a POI 1con of a restaurant may be correctly placed
in the scene, but 1f the placement 1s done, without regard to
other objects and elements 1n the scene, the POI icon can
appear out of place and less realistic, less 1n the scene and
potentially misleading. For example, from the vantage point
of the user, the POI icon of the restaurant may need to be
obstructed by objects that are 1n front of the POI 1con and
closer to the user. In these scenarios, generating the AR
clement can include determining depth information and
selectively masking or obstructing the AR element, based on
the objects that are 1n between the AR element and the user.
For example, 1f from the vantage point of the user of an AR
system, the POI restaurant 1con 1s behind a traflic pole, the
POI icon can be generated i a way that the portions
obstructed by the traflic light pole are deleted. As a result,
the POI 1con appears behind the pole relative to the user,
which may be closer to reality i1t the POI 1con were a
physical signpost in the environment. The same dynamic can
also exist when displaying road navigation indicators, such
as carpets and arrows. If a navigation indicator were to exist
in the real world and a car were between the viewer and the
navigation indicator, the navigation indicator would be
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invisible to the viewer in the portions blocked by the car.
Masking or erasing portions of an AR element, based on
objects between the AR element and the viewer can be
referred to as three-dimensional (3D) occlusion.

A variety of systems can be used to provide 3D occlusion
of AR elements. For example, depth estimators and depth
maps can be used to determine relative distances of objects
(in the AR world and in the real world) to an observer, user
or viewer of the AR element. Depth maps can provide depth
information for pixels in a two-dimensional 1image. If an AR
clement pixel 1s at a deeper distance, relative to the user,
compared to the pixels of another object, those AR element
pixels can be deleted from the AR element, when generating,
a display overlay of the AR element. In other words, only the
pixels of the objects closer to the user may be viewed when
3D occlusion 1s used. In scenarios where the user (and
consequently the user’s vantage point) dynamically varies
relative to an AR element, the 3D occlusion of the AR
clement 1s dynamically calculated, for example, 1n a frame-
by-frame method, as a video feed of the scene 1s processed,
and AR overlays are generated for each frame.

In some circumstances, the depth map might be imprecise
and/or, 1t might not include enough details to determine the
boundary of an interveming object, relative to the user or the
precise shape of the intervening object. In these scenarios, 1
depth information alone 1s relied upon, the resulting 3D
occlusion might also be less precise. For example, more or
less of the AR element may be occluded than would have
otherwise been appear to the user 1f the AR element existed
in reality. Imprecise 3D occlusion can make an AR element
look odd or out-of-place to a user of an AR system or give
a false impression of malfunction i the AR system. To
address these and similar 1ssues, 3D occlusion systems can
take advantage of object and depth information from a
plurality of object and depth information system to increase
the precision of 3D occlusion.

FIG. 1 illustrates a diagram 100 of generating a two-
dimensional 1image of an environment with an AR overlay.
A user device 102 can capture and display an 1image or video
stream of an environment 104. The environment 104 15 a
three-dimensional environment that exists in the real world.
In the example shown, the environment 104 can include a
road 106, a sidewalk 108, and a restaurant 110. An AR
system can receive an 1mage ol the environment 104, for
example from a camera of the user device 102 and generate
an 1mage 112, which includes an AR overlay. The image 112
can be generated by projecting every point 1n the environ-
ment to one or more pixels i the image 112 from a vantage
point, for example, from the vantage point of the user device
102. The image 112 can include an AR overlay superim-
posed on the mmage 112. The user device 102 can be
implemented 1n a variety of devices, such as smart phones,
tablets, heads-up display (HUD) devices, artificial reality
glasses, projectors, or any image capturing and AR viewing
device. In some embodiments, the i1mage capturing and
image displaying with an AR overlay can be implemented 1n
a single integrated user device 102 or can be separated into
a plurality of devices.

The AR overlay can include AR elements, for example,
POI 1cons, navigation indicators, such as carpets and arrows,
signals, flags, or any other graphics overlayed on the image
112 to convey information to the user. The AR elements can
be referred to as virtual reality icons, elements, indicators,
graphics, or similar terminology. Various systems and com-
ponents of an AR system help generate the AR overlay of the
image 112. For example, in some embodiments, global
positioning system or other positioning system data 1s used
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4

to determine the location (e.g., coordinates) of the user
device 102 1n the environment 104 and the location of AR
clements 1n the overlay displayed on the image 112. The AR
system may generate a three-dimensional map of the envi-
ronment 104 and calculate relative distances of the user to
the various points 1n the environment 104. The location data
can be used to determine which AR elements to generate 1n
the AR overlay of the image 112 and where to place them 1n
the image 112. In the example shown, the AR system detects
a restaurant 110 nearby the user device 102 and a restaurant
icon 114 1s generated in the AR overlay of the image 112.
Generation and placement of the AR element can be 1n
response to a request from the user (e.g., a navigation
request) or as part of an augmented reality presentation of
the environment 104. Depending on the location of the AR
clements and other objects 1n the image 112, 3D occlusion
can be used to make the appearance of the AR elements
more realistic and convey information more accurately.

FIG. 2 illustrates an application of placement of AR
clements, when various techniques are used. In a sample
image, a traflic pole 202 can be an intervening object
between an AR element and the user. Depth map information
may calculate the relative distances, or depths of the image
pixels, relative to a vantage point, such as the vantage point
of a user. A variety of algorithms, techniques and/or hard-
ware can be used to generate a depth map for an image.
Examples include, using a two-camera distance measure-
ment system, using light detection and ranging (LIDAR)
systems, positioning data (e.g., GPS) and/or other methods.
Depth maps can include coordinates of each pixel in the
image and the depth information of every pixel. When depth
information alone 1s used to determine the shapes of objects
in the environment 104, the objects can be fuzzy and appear
as blobs. In the example shown 1n FIG. 2, the boundaries of
the intervening object, tratlic pole 204, are fuzzy and impre-
cise. Using depth information alone the traflic pole 202 may
appear as a fuzzy object 204 with imprecise boundaries.
While not shown depth maps are similar to heat maps 1n
their visual appearance 1f they were generated for a human
observer. The boundaries of the objects are unclear. Without
additional information, the object 204 can be mistaken for a
tree for example. If only depth information alone 1s used for
3D occlusion, the occlusion may be imprecise as well.

In scenario 206, the AR clement 114 (e.g., a restaurant
icon) 1s generated, without 3D occlusion. While the AR
clement 114 may be correctly placed 1n an AR overlay, 11 the
traflic pole 202 1s an intervening object, the placement of the
AR element 114 appears wrong to the user because the AR
clement 114 appears closer to the user than the tratlic pole
202. In scenario 208, depth map 1s used to perform 3D
occlusion on the AR element 114. The occlusion 1s partially
accurate because the depth map provides an imprecise
picture of the intervenming object 202. In scenario 210, the
described embodiments are utilized to perform 3D occlu-
s10n, where a more accurate picture of the object 202 1s used
to mask or erase the portions of the AR element 114 that are
obstructed by the intervening object 114. While the example
shown 1n scenario 210 applies the described embodiment to
a POI AR element, the applications of the described embodi-
ments are not limited to only POI AR elements. As will be
understood by a person of ordinary skill in the art, the
described embodiments are applicable to any AR element
114, including for example, navigation indicators, naviga-
tion arrows, navigation carpets, navigation-related or non-
navigation-related AR elements, such as text elements and
other graphics.
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FIG. 3 illustrates an AR system 300, which can provide
improved 3D occlusion. The AR system 300 receives a
video feed 302 of an environment 104 and generates an AR
overlay 320 for one or more image frames 304 The AR
overlay 320 1s places on an 1mage 304 and displayed to a
user. The video feed 302 can be generated by a camera
device, such as a smart phone, smart glasses, tablet, on any
other stand-alone or integrated camera device. The video
teed 302 1s made of a series of image frames 304. The image
frames 304 are a projection of environment points 1mnto one
or more pixels in the image frames 304. The AR system 300
can operate on the image frames 304. For example, an image
processing engine 306 can receive the image frames 304 and
analyze the content of the environment 104 retlected 1n the
image irames 304. The image processing engine 306 can
include a variety of 1mage processing components. For
example, a lane module 308 can detect presence and location
of lanes 1n an 1mage 304. The lane information can be used
to place AR elements in the AR overlay 320. The image
processing engine 306 can further include an object detec-
tion module 310. Object detection module 310 can use a
variety of techmiques to identily and tag objects in the
environment 104, as reflected 1n an 1image 304. Objects can
include trees, street signs, cars, pedestrians, buildings or any
other objects that may appear in the environment 104. In
some embodiments, the object detection module 310 can
indicate objects by drawing a boundary box around the
object and tagging the box with an identifier.

The 1mage processing 306 can also include a semantics
module 314, which can provide further definition, such as
classification, of the objects in the image frame 304. For
example, the semantics module 314 may indicate an object
1s a car, or a pedestrian or the ground 1n the image 304. The
semantics module 314 can also perform segmentation of the
image frame 304, for example, indicating whether the object
1s two distinct cars or one large car. In some embodiments,
the semantics module 314 and the object detection module
310 work 1n conjunction to detect separation between
objects. For example, some semantic segmentation tech-
niques may lump two cars that are near one another into one
segment, or classification, labeled “car,” but object detection
techniques may draw two distinct boxes around the two cars.
In these and similar instances, the combined output of the
object detection module 310 and the semantics module 314
can be used to obtain a more accurate picture ol the
boundaries of an object, and which pixels 1n the image frame
304 correspond to those object boundaries.

The components of the image processing engine 306
illustrated 1n FIG. 3 are provided as examples only. Fewer or
more components may be present. Some components may
be combined and provided as a single module. The 1mage
processing engine 306 can be implemented with a variety of
artificial intelligence (Al) techniques and/or non-Al tech-
niques. For example, neural networks, convolutional neural
networks (CNNs) and other techniques may be used to
implement the 1mage processing engine 306.

The image processing engine 306 can also include a depth
module 312. The depth module 312 can receive an 1mage
304, along with other depth sensor data and/or location data
and estimate a depth parameter for one or more pixels 1n the
image frame. In some embodiments, the depth module 312
can generate a depth map of an 1mage 304, where the pixels
coordinates include a depth parameter. Depth can refer to the
distance between a point 1n the environment corresponding
to a pixel 1n an 1mage frame 304 to a vantage point, such as
the camera, which captured the image 304. For example, it
the 1mage frame 304 includes pixels having coordinates
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(X,v), the depth module 312 can produce a depth map, where
pixels are indicated by a vector (X,y,d), where X and vy are the
coordinates of a pixel 1n the image frame 304 and “d” 1s the
distance of the environment point corresponding to the pixel
from the camera that captured the image frame 304.

The AR system 300 can include a masking module 316,
where the information from the 1mage processing engine
306 15 used to generate a preliminary mask in the image 304,
indicating where AR elements 1n the AR overlay 320 may
need to be occluded. The masking module 316 may use
object mformation data and depth to determine potential
candidates for masking an AR element. For example, the
masking module 316 can generate masks for trees, street
signs, pedestrians, cards and/or other objects in the 1mage
frame 304. A spatial perception engine 318 can further refine
and determine which masks from the masking module 316
are to be used to occlude AR elements 1n the AR overlay 320
and the boundaries of the masks. For example, the spatial
perception engine 318 can determine whether an object 1n
the 1mage frame 304 1s an 1ntervening object between the
user and an AR element 1n the AR overlay 320. The spatial
perception engine 318 can use the masks to erase portions of
the AR elements 1n the AR overlay 320 that are blocked by
the intervening objects. In thus way, the AR overlay 320 can
include an improved 3D occlusion of the AR elements,
which are blocked or partially blocked by intervening
objects.

FIG. 4 1llustrates a block diagram 400 of performing 3D
occlusion on an AR overlay. In some embodiments, a
preliminary AR overlay 402 1s generated. The preliminary
AR overlay 402 can include an initial estimation and place-
ment of AR elements in an image frame 304. An AR overlay
enhancement (AROE) module 404 can receive the prelimi-
nary AR overlay 402 and its corresponding image {frame 304
and perform a variety of operations and processes related to
3D occlusion. For example, the AROE 404 can include a
depth estimation module 406, which can generate a depth
map of the environment 104 reflected 1n the image 304. The
depth map can include distances of the environment points
to a user or a camera, which captured the 1image frame 304.
The depth map can include 1image pixels, pixel coordinates
and pixel distances of the 1mage pixels, where pixel dis-
tances indicate the distances between environment points
corresponding to the pixels to the camera which captured the
image irame 304.

The AROE 404 can also include one or more object
information modules, such as a segmentation module 408,
an object detection module 410 and any other object 1nfor-
mation module or models 412 that provide information on
the boundary, location, shape and/or outline of an object.
Furthermore, the AROE 404 can determine 1con location of
an AR element (e.g., a virtual reality 1con) 1n the environ-
ment 104, 11 the AR element were to be present 1n the
environment as a physical object. Determining 1con location
of the AR element can include determining pixel coordinates
of the AR element 1n the preliminary AR overlay 402 and/or
the 1mage frame 304. The AROE 404 can also determine
icon distances of the i1con pixels from the user 1f the AR
clement were present as a physical object in the environment
104.

The output of the AROE 404, including any object
coordinate, boundary and pixel distances, as well the AR
clement’s 1con pixels and depth information are recerved by
a 3D occlusion module 414. The 3D occlusion module 414
can determine intervening objects between the user an AR
clement 1n the preliminary AR overlay 402, based on the
output of the AROE 404. For example, 1f icon pixel coor-
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dinates are 1n an area of the image 304, which has pixel
distances closer to the user than the 1con distances, the 1con
or AR element 1n that area 1s behind an interveming object
relative to the user. The 3D occlusion module 414 can
generate an occluded AR overlay 416, which 1s the prelimi-
nary AR overlay 402 with AR elements occluded in pixels
obstructed by intervening objects.

The segmentation module 408 can use a variety of tech-
niques, mcluding image semantic segmentation, instance
segmentation and panoptic segmentation. The segmentation
module 408 can label pixels in an 1mage frame 304 with a
classification or segment label, such as a car, pedestrian,
traflic signal, ground, etc. The 3D occlusion module 414 can
determine the presence of an intervening object by a variety
of techniques, including for example, determining image
frame pixels having the same segment labels, and detecting
whether same-segment-label pixels overlap any 1con pixels
of an AR element 1n the preliminary AR overlay 402. The
overlapping same-segment-label pixels have distances less
than the 1con pixels of the AR element to the user. The
intervening object pixels can be used to erase the 1con pixels
in the overlap areas. Alternatively, a mask can be created
from the intervening object and areas of the AR eclement
overlapping the mask can be erased when generating the
occluded AR overlay 416.

In some embodiments, object data from one or more
object data mformation models and/or modules can be
combined to determine an intervening object and/or to
generate an ntervening object mask by which an AR ele-
ment can be occluded. For example, the segmentation mod-
ule 408 can perform segmentation on the image frame 304
and label 1image pixels with the segment label. The object
detection module 410 can perform object detection, for
example, by drawing box boundaries around distinct objects.
The pixels within each box boundary receive an object tag.
The 3D occlusion module 414 can determine same-segment-
label pixels, having the same object tag, which have pixel
distances less than the 1con distances of an AR element in the
AR overlay 402. The pixels having the same-segment-label
and the same object-tag are likely from the same object 1n
the real world or environment 104 and can be used for 3D
occlusion. The i1con pixels overlapping the same-segment
label and same-object tag pixels can be erased when gen-
erating the occluded AR overlay 416. The occluded overlay
416 can be superimposed on the image frame 304 and
displayed to a user. A plurality of 1image frames 304 super-
imposed with corresponding occluded AR overlays 416 can

generate an output video stream, which can be displayed to
the user.

FI1G. 5 illustrates a flowchart of a method 500 of produc-
ing an 1mage frame with AR overlay with 3D occlusion of
the AR elements. The method starts at step 502. At step 504,
an 1mage frame 1s received. The image frame can be a frame
from a video stream or video feed made up of a plurality of
such 1mage frames. The image frames can be a projection of
a three-dimensional, real-world environment, such as envi-
ronment 104 1into a two-dimensional 1image frame, such as
image frame 304. In this manner, an 1mage frame 304
includes a projection of an environment point into one or
more pixels in the image frame. At step 506, a depth map of
the 1mage Iframe 1s generated. The depth map includes
distances of the environment points to a user or to a camera
of a user which captured the image 304. The depth map
includes mformation such as pixels, or pixel coordinates and
pixel distances, where the distances are distances of an
environment point corresponding to the pixel to the user or
the camera of the user which captured the image 304.
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At step 508, icon location of a virtual reality 1con 1n the
environment 1s determined. In other words, the icon location
corresponds to the coordinates of the 1con pixels making up
the virtual reality 1con, 1f the virtual reality 1con were to exist
in the environment 104 as a real object. A vanety of
positioning data (e.g., GPS) can be used to determine the
icon location of a virtual reality 1con 1n the environment 104.
For example, if the virtual reality icon corresponds to a
restaurant, the icon location of the icon in the environment

104 can correspond to the GPS coordinates of the restaurant.
The 1con can be made up of a plurality of 1con points, which
when projected into the image frame 304 can yield icon
pixel coordinates. Furthermore, the positioning location of
the user or the camera of the user, relative to the icon
location can be used to determine depth or 1con distances of
the 1con points and/or the icon pixels. In terms of 3D
occlusion, areas of the image frame 304 having intervening
object pixels are used to occlude the virtual reality 1con. The
term 1con 1s used to encompass AR elements generally.
These AR elements can include, but are not limited to POI
icons, navigation icons, indicators, carpets, routes, text-
boxes, guidance arrows and/or any AR graphical represen-
tation overlay on the image frame 304.

In step 510, the method 1includes determining intervening,
objects 1n the environment 104. The mtervening objects can
refer to objects, which would be closer to the user than the
virtual reality 1con, 11 the icon were to exist in the environ-
ment 104. Determining intervening objects can be imple-
mented by comparing object pixel depths with 1con dis-
tances. If an object pixel has a depth shorter than the i1con
distance and 1s in the same coordinates as the 1con pixels, the
object pixel 1s an intervening object pixel. The icon can be
generated with the icon pixels at the coordinates of the
intervening object pixels erased. In other words, 1n the area
of overlap between intervening object pixels and the icon
pixels, only the mtervening object pixels are retlected 1n the
output 1mage with an AR overlay. The erasing of the
overlapping 1ntervening object pixels can be performed by
implementing a mask. At step 312, a mask 1s generated
based on 1ntervening object pixels. The mask can be used to
erase portions of the virtual reality icon overlapping the
mask. The steps 508-512 can be repeated for other virtual
reality 1cons that are to be placed 1n an AR overlay for the
image Irame 304. At step 514, an AR overlay 1s generated
based on one or more masks for intervening objects between
the user and the virtual reality icons that are to be placed in
the image frame 304. Icon pixels having coordinates within
the boundaries of an 1ntervening object mask are erased. At
step 516, the AR overlay i1s superimposed on the image
frame 304 used to generate an output, for example to be
displayed to the user. The method ends at step 518.

FIG. 6 A illustrates examples of generating an AR overlay
for an 1image frame. The 1mage frame 602 includes naviga-
tion AR elements, such as carpets 610 and navigation arrows
612. In the 1mage frame 602, these AR elements are placed,
without 3D occlusion. As a result, although the navigation
guidance 1s placed in correct spots in the image frame, for
a human user, they are less realistic. For example, the
navigation carpet 610 1s shown on top of the cars 614, 618.
It the navigation carpet 610 was a physical object 1n the
environment, the cars 614, 618 would be on top of the carpet
610. Similarly, i1t navigation arrows 612 were physical
signposts 1n the environment, they would be in front of the
cars 614, 616 and behind the car 618, relative to the vantage
point of the viewer of the 1image 602. The described embodi-
ments can be utilized to improve the placement of the AR
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clements 1n the 1mage frame, for example by performing 3D
occlusion when an 1ntervening object 1s closer to the viewer
than the AR element.

The 1mage 604 1llustrates an example output of an 1image
segmentation module. Objects 1n the 1mage 604 are labeled
with a segment label. For example, label 620 corresponds to
buildings. Label 622 corresponds to plants and trees. Label
624 corresponds to pedestrians and label 626 corresponds to
vehicles. In some applications, the segmentation can include
semantic segmentation, instance segmentation, and/or pan-
optic segmentation. If segmentation alone 1s used, 1n some
instances, the placement of the AR elements can still be
somewhat unrealistic or imprecise. For example, some seg-
mentation output may group together vehicles that are very
close together in an image. In the example shown, the
vehicles 614 and 616 (as well as the parked vehicles near the
vehicle 616) can be labeled together as “vehicle.” In this
scenario, 1f the AR element 1s to be placed 1n between these
vehicles, the occlusion may be imprecise.

The image 606 1llustrates an output of an object detection
module for the same environment as images 602, 604.
Object detection models can detect distinct objects 1n the
image frame 606 and tag pixels within a detected object,
with an object i1dentifier, such as “vehicle_215,”
“vehicle _003,” and similar object identifiers. The image 608
1s a depth map of the same environment as shown in 1mages
602, 604 and 606. The depth map information can be
combined with 1mage segmentation and object detection
information to further refine the placement and occlusion of
an AR eclement. For example, semantic segmentation can
indicate a car over a navigation carpet 610. The navigation
carpet 610 can then be accordingly occluded 1n a manner
that appears a vehicle 614 1s traveling over the navigation
carpet 610. Similarly, segmentation and object detection
information along with depth map information can indicate
where the navigation arrows 612 are to be placed, relative to
the vehicles 614 and 616, and which pixels of the navigation
arrows 612 can be occluded for the AR overlay to appear
realistic. FIG. 6B illustrates an image 628 of the same
environment as shown 1 1images 602, 604, 606 and 608 with
an AR overlay produced using 3D occlusion. The vehicle
614 occludes the navigation carpet 610 and navigation
arrows 612 in portions, where it overlaps them, but the
vehicle 616 does not impact these AR elements because the
vehicle 616 1s at a further away distance to the use than these
AR elements.

In some embodiments, the vehicle 614 1s detected to be an
intervening object, and 1ts pixel coordinates are used to
generate a mask. The mask 1s used to occlude the AR
clements, navigation carpet 610 and navigation arrows 612
in overlapping areas. Similarly, the vehicle 618 1s detected
to be an itervening object for the navigation arrows 612. A
mask based on pixel coordinates of the vehicle 618 1s used
to occlude the navigation arrows 612 1n the image 628.

FIG. 7 illustrates a flowchart of a method 700 of gener-
ating an output image with AR overlay. The method starts at
step 702. At step 704, the output of one or more object
information models are used to determine object pixels that
may be present in an 1mage frame 304. Furthermore, 1con
pixels corresponding to virtual reality 1cons to be placed in
the 1image frame 304 can be determined. Depth information
for the icon pixels can be determined relative to the user or
the camera which captured the image frame 304. If object
pixels with distances (or depths) less than icon distances of
an AR element are present, the object 1s likely an intervening
object, which can be considered for 3D occlusion of the AR
clement. At step 706, image segmentation 1s performed,
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labeling pixels in an 1mage frame 304 with a segment label.
At step 608, same-segment-labeled pixels are determined. At
step 710, more precise boundaries of the interveming objects
are determined based on same-segment-labeled pixels. At
step 712, the icon pixels overlapping with intervening object
pixels are erased to generate a 3D occluded 1con. At step
714, an output 1mage i1s generated with an overlay by
superimposing the 3D occluded icon generated at step 712
and any other AR elements on the image frame 304. In some
embodiments, at step 704, a mask 1s generated based on
determined intervening object pixels and the accuracy of the
pixels belonging to the mask 1s further improved using steps
706-710. In this scenario, at step 712, the 1con pixels having
coordinates overlapping the intervening object mask are
erased when generating the 3D occluded 1con. The method
ends at step 716.

FIG. 8 illustrates a flowchart of a method 800 of gener-
ating an output image with AR overlay from an input image
304. The method starts at step 802. At step 804, image pixels
with distances less than the 1con pixels of the AR overlay are
determined, using a depth map. As described earlier, depth
maps can be imprecise, and depth distances for some pixels
may be 1accurate at this stage. In some embodiments, the
depth map data can be used to generate a preliminary mask
for candidate intervening objects, where clusters of icon
pixels having 1con distances less than 1mage pixel distances
can make up an intervening object mask. At step 806, image
segmentation 1s performed on the 1mage frame 304. At step
808 object detection 1s performed on the 1mage frame 304.
At step 810, same-segment-labeled pixels and same-object-
tagged pixels are determined. At step 812, the data obtained
in step 810 i1s used to further improve the accuracy of
determination of 1image pixels with distances larger than the
icon pixels. In embodiments, where intervening object
masks are used, the data from the step 810 can be used to
improve the accuracy of the intervening object mask, which
may have initially been generated based on a depth map.
Alternatively, in other embodiments, no preliminary inter-
vening object mask 1s generated and the combined data from
a data map and the step 810 1s used to generate an inter-
vening object mask.

At step 814, the overlapping object pixel information
(e.g., an 1ntervening object mask) 1s used to erase 1con pixels
having an overlap with an itervening object and having
icon distances more than the intervening object pixel dis-
tances. The step 814 produces a 3D-occluded icon, which
can be mcorporated into an AR overlay. At step 816, the AR
overlay 1s superimposed on the image frame 304 to generate
an output, which can be displayed to a user. The method
ends at step 818.

FIG. 9 illustrates a flowchart of a method 900 of gener-
ating an augmented reality video output. The method starts
at step 902. At step 904, a video stream of an environment
1s received by an AR system. At step 906, an 1image frame
from the video stream is received, and a preliminary AR
overlay for the image frame can be generated. At step 908,
intervening objects between the AR elements of the AR
overlay and the objects 1n the image frame are determined by
using the methods described above. At step 910, one or more
intervening object masks are generated based on detecting
image pixels having distances more than the AR element
pixels 1n the AR overlay. AR element pixels overlapping the
intervening object masks can be erased to generate 3D-oc-
cluded AR elements. The 3D-occluded AR elements and
potentially other AR elements are superimposed on the
image frame to generate an output image frame. At step 912,
i more 1mages are incoming irom the video stream, the
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method can go back to the step 906 and repeat the steps
906-912, update the intervening object mask and generate
additional output image frames. At step 914, the output
image frames can be used to generate an output video stream
and displayed to the user. The method ends at step 916.

Example Implementation Mechanism—Hardware Over-
VIEW

Some embodiments are implemented by a computer sys-
tem or a network of computer systems. A computer system
may include a processor, a memory, and a non-transitory
computer-readable medium. The memory and non-transitory
medium may store instructions for performing methods,
steps and techniques described herein.

According to one embodiment, the techniques described
herein are implemented by one or more special-purpose
computing devices. The special-purpose computing devices
may be hard-wired to perform the techniques or may include
digital electronic devices such as one or more application-
specific integrated circuits (ASICs) or field programmable
gate arrays (FPGAs) that are persistently programmed to
perform the techniques, or may include one or more general
purpose hardware processors programmed to perform the
techniques pursuant to program instructions in firmware,
memory, other storage, or a combination. Such special-
purpose computing devices may also combine custom hard-
wired logic, ASICs, or FPGAs with custom programming to
accomplish the techmques. The special-purpose computing
devices may be server computers, cloud computing com-
puters, desktop computer systems, portable computer sys-
tems, handheld devices, networking devices or any other
device that imncorporates hard-wired and/or program logic to
implement the techniques.

For example, FIG. 10 1s a block diagram that 1llustrates a
computer system 1000 upon which an embodiment of can be
implemented. Computer system 1000 1includes a bus 1002 or
other communication mechanism for communicating infor-
mation, and a hardware processor 1004 coupled with bus
1002 for processing information. Hardware processor 1004
may be, for example, special-purpose microprocessor opti-
mized for handling audio and video streams generated,
transmitted or recetved 1n video conferencing architectures.

Computer system 1000 also includes a main memory
1006, such as a random access memory (RAM) or other
dynamic storage device, coupled to bus 1002 for storing
information and instructions to be executed by processor
1004. Main memory 1006 also may be used for storing
temporary variables or other intermediate information dur-
ing execution of instructions to be executed by processor
1004. Such 1nstructions, when stored in non-transitory stor-
age media accessible to processor 1004, render computer
system 1000 into a special-purpose machine that 1s custom-
1zed to perform the operations specified 1n the instructions.

Computer system 1000 further includes a read only
memory (ROM) 1008 or other static storage device coupled
to bus 1002 for storing static information and instructions
for processor 1004. A storage device 1010, such as a
magnetic disk, optical disk, or solid state disk 1s provided
and coupled to bus 1002 for storing information and instruc-
tions.

Computer system 1000 may be coupled via bus 1002 to a
display 1012, such as a cathode ray tube (CRT), liquid

crystal display (LCD), organic light-emitting diode (OLED),
or a touchscreen for displaying information to a computer
user. An mput device 1014, including alphanumeric and
other keys (e.g., 1n a touch screen display) 1s coupled to bus
1002 for communicating mnformation and command selec-
tions to processor 1004. Another type of user mnput device 1s
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cursor control 1016, such as a mouse, a trackball, or cursor
direction keys for communicating direction information and
command selections to processor 1004 and for controlling
cursor movement on display 1012. This input device typi-
cally has two degrees of freedom 1n two axes, a first axis
(e.g., X) and a second axis (e.g., v), that allows the device to
specily positions 1n a plane. In some embodiments, the user
input device 1014 and/or the cursor control 1016 can be
implemented in the display 1012 for example, via a touch-
screen 1nterface that serves as both output display and 1nput
device.

Computer system 1000 may implement the techniques
described herein using customized hard-wired logic, one or
more ASICs or FPGAs, firmware and/or program logic
which 1n combination with the computer system causes or
programs computer system 1000 to be a special-purpose
machine. According to one embodiment, the techniques
herein are performed by computer system 1000 1n response
to processor 1004 executing one or more sequences of one
or more instructions contained 1n main memory 1006. Such
instructions may be read into main memory 1006 from
another storage medium, such as storage device 1010.
Execution of the sequences of mstructions contained in main
memory 1006 causes processor 1004 to perform the process
steps described herein. In alternative embodiments, hard-
wired circuitry may be used in place of or in combination
with software 1nstructions.

The term “storage media” as used herein refers to any
non-transitory media that store data and/or instructions that
cause a machine to operation 1n a specific fashion. Such
storage media may comprise non-volatile media and/or
volatile media. Non-volatile media includes, for example,
optical, magnetic, and/or solid-state disks, such as storage
device 1010. Volatile media includes dynamic memory, such
as main memory 1006. Common forms of storage media
include, for example, a tloppy disk, a tlexible disk, hard disk,
solid state drive, magnetic tape, or any other magnetic data

storage medium, a CD-ROM, any other optical data storage
medium, any physical medium with patterns of holes, a
RAM, a PROM, and FPROM, a FLASH-EPROM,
NVRAM, any other memory chip or cartridge.

Storage media 1s distinct from but may be used in con-
junction with transmission media. Transmission media par-
ticipates 1n transferring information between storage media.
For example, transmission media includes coaxial cables,
copper wire and fiber optics, including the wires that com-
prise bus 1002. Transmission media can also take the form
ol acoustic or light waves, such as those generated during
radio-wave and inifra-red data communications.

Various forms of media may be involved in carrying one
or more sequences of one or more instructions to processor
1004 for execution. For example, the instructions may
mitially be carried on a magnetic disk or solid state drive of
a remote computer. The remote computer can load the
instructions into i1ts dynamic memory and send the instruc-
tions over a telephone line using a modem. A modem local
to computer system 1000 can receive the data on the
telephone line and use an infra-red transmitter to convert the
data to an inira-red signal. An infra-red detector can receive
the data carried in the infra-red signal and appropnate
circuitry can place the data on bus 1002. Bus 1002 carries
the data to main memory 1006, {from which processor 1004
retrieves and executes the instructions. The instructions
received by main memory 1006 may optionally be stored on
storage device 1010 either before or after execution by
processor 1004.
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Computer system 1000 also includes a communication
interface 1018 coupled to bus 1002. Communication inter-
tace 1018 provides a two-way data communication coupling
to a network link 1020 that 1s connected to a local network
1022. For example, communication interface 1018 may be
an integrated services digital network (ISDN) card, cable
modem, satellite modem, or a modem to provide a data
communication connection to a corresponding type of tele-
phone line. As another example, communication interface
1018 may be a local area network (LAN) card to provide a
data communication connection to a compatible LAN. Wire-
less links may also be implemented. In any such implemen-
tation, communication interface 1018 sends and receives
clectrical, electromagnetic or optical signals that carry digi-
tal data streams representing various types ol information.

Network link 1020 typically provides data communica-
tion through one or more networks to other data devices. For
example, network link 1020 may provide a connection
through local network 1022 to a host computer 1024 or to
data equipment operated by an Internet Service Provider
(ISP) 1026. ISP 1026 1n turn provides data communication
services through the worldwide packet data communication

network now commonly referred to as the “Internet” 1028.
LLocal network 1022 and Internet 1028 both use electrical,
clectromagnetic or optical signals that carry digital data
streams. The signals through the various networks and the
signals on network link 1020 and through communication
interface 1018, which carry the digital data to and from
computer system 1000, are example forms of transmission
media.

Computer system 1000 can send messages and receive
data, including program code, through the network(s), net-
work link 1020 and communication interface 1018. In the
Internet example, a server 1030 might transmit a requested
code for an application program through Internet 1028, ISP
1026, local network 1022 and communication interface
1018. The received code may be executed by processor 1004
as 1t 1s received, and/or stored in storage device 1010, or
other non-volatile storage for later execution.

EXAMPLES

It will be appreciated that the present disclosure may
include any one and up to all of the following examples.

Example 1: A method comprising: receiving a video
stream ol an environment, the video stream comprising
image frames, each 1image frame comprising a projection of
an environment point into one or more pixels in the image
frame; generating a depth map of an 1mage frame, compris-
ing distances of environment points to a user for pixels of the
image frame, wherein the depth map comprises image pixels
and pixel distances; determining icon location of a virtual
reality i1con in the environment, the i1con comprising a
plurality of icon points; determining 1con pixel coordinates
of the virtual reality icon in the image frame, based on a
projection of the 1con points into icon pixels in the image
frame; determining icon distances of the plurality of the icon
points from the user; detecting potential presence of an
intervening object 1n the environment between the user and
the 1con location, based at least in part on the 1con pixel
coordinates, 1con distances and the depth map; determining
intervening object pixels, based at least in part on the depth
map and output of one or more object information models;
determining 1con pixels overlapping the intervening object
pixels; and generating the 1con with the overlapping icon
pixels erased.

10

15

20

25

30

35

40

45

50

55

60

65

14

Example 2: The method of Example 1, wherein detecting
an intervening object comprises: determining whether the
icon pixel coordinates are 1n an area of the image having
pixel distances closer to the user than the 1con distances.

Example 3: The method of some or all of Examples 1 and
2, wherein the object information models comprise artificial
intelligence models, including semantic segmentation mod-
cls and object detection models.

Example 4: The method of some or all of examples 1-3,
wherein determining intervening object pixels comprise:
performing 1mage segmentation on the 1mage frame, label-
ing 1image pixels with a segment label; determining image
pixels having same segment labels; detecting same-seg-
ment-label pixels overlapping the icon pixels and having
pixel distances less than the i1con distances; and outputting
the detected overlapping same-segment-label pixels as the
intervening object pixels.

Example 5: The method of some or all of Examples 1-4,
wherein determining intervening object pixels comprise:
performing 1mage segmentation on the 1image frame, label-
ing 1mage pixels with a segment label; performing object
detection on the image frame, tagging 1mage pixels within
an object box with an object tag; determining 1image pixels
having same segment labels; determining same-segment-
label pixels having same object tags; detecting same-seg-
ment-label, same-object-tag image pixels having pixel dis-
tances less than the 1con distances; and outputting the
detected same-segment-label, same-object-tag as the inter-
vening object pixels.

Example 6: The method of some or all of Examples 1-3,
further comprising: generating an output 1image frame com-
prising the image frame and the generated icon placed in the
image frame at the i1con pixel coordinates as an overlay;
generating a plurality of output image frames; generating an
output video stream from the plurality of output image
frames.

Example 7: The method of some or all of Examples 1-6,
further comprising: generating an intervening object mask
based on the intervening object pixels and erasing icon
pixels within the mask boundary; generating an output
image frame based on the image frame and the generated
icon placed 1n the image frame at the 1con pixel coordinates;
receiving a plurality of the image frames; updating the
intervening object mask between each image frames and
based on object and depth information in each 1image frame;
generating a plurality of output image frames, at least 1n part
by generating i1cons 1n each image Irame based on the
intervening object masks; and generating an output video
stream from the plurality of the output image frames.

Example 8: A non-transitory computer storage that stores
executable program instructions that, when executed by one
or more computing devices, configure the one or more
computing devices to perform operations comprising:
receiving a video stream of an environment, the video
stream comprising 1mage frames, each 1mage {frame com-
prising a projection of an environment point into one or
more pixels 1 the image frame; generating a depth map of
an 1mage frame, comprising distances of environment points
to a user for pixels of the image frame, wherein the depth
map comprises 1image pixels and pixel distances; determin-
ing 1con location of a virtual reality icon 1n the environment,
the 1con comprising a plurality of icon points; determiming,
icon pixel coordinates of the virtual reality icon 1n the image
frame, based on a projection of the icon points into icon
pixels 1n the image frame; determining 1con distances of the
plurality of the icon points from the user; detecting potential
presence ol an intervening object in the environment
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between the user and the icon location, based at least 1n part
on the icon pixel coordinates, icon distances and the depth
map; determining intervening object pixels, based at least in
part on the depth map and output of one or more object
information models; determining i1con pixels overlapping
the mtervening object pixels; and generating the icon with
the overlapping 1con pixels erased.

Example 9: The non-transitory computer-storage of
Example 8, wherein detecting an intervening object com-
prises: determining whether the 1con pixel coordinates are in
an area of the image having pixel distances closer to the user
than the 1con distances.

Example 10: The non-transitory computer-storage of
some or all of Examples 8 and 9, wherein the object
information models comprise artificial intelligence models,
including semantic segmentation models and object detec-
tion models.

Example 11: The non-transitory computer-storage of
some or all of Examples claim 8-10, wherein determining
intervening object pixels comprise: performing image seg-
mentation on the image frame, labeling 1image pixels with a
segment label; determining 1mage pixels having same seg-
ment labels; detecting same-segment-label pixels overlap-
ping the 1con pixels and having pixel distances less than the
icon distances; and outputting the detected overlapping
same-segment-label pixels as the mtervening object pixels.

Example 12: The non-transitory computer-storage of
some or all of Examples 8-11, wherein determining inter-
vening object pixels comprise: performing image segmen-
tation on the image frame, labeling 1mage pixels with a
segment label; performing object detection on the image
frame, tagging 1image pixels within an object box with an
object tag; determining 1mage pixels having same segment
labels; determining same-segment-label pixels having same
object tags; detecting same-segment-label, same-object-tag
image pixels having pixel distances less than the icon
distances; and outputting the detected same-segment-label,
same-object-tag as the intervening object pixels.

Example 13: The non-transitory computer-storage of
some or all of Examples 8-12, wherein the operations further
comprise: generating an output image frame comprising the
image Iframe and the generated icon placed in the image
frame at the 1con pixel coordinates as an overlay; generating
a plurality of output image frames; generating an output
video stream Irom the plurality of output 1image frames.

Example 14: The non-transitory computer-storage of
some or all of Examples 8-13, wherein the operations further
comprise: generating an intervening object mask based on
the itervening object pixels and erasing icon pixels within
the mask boundary; generating an output image frame based
on the image frame and the generated icon placed in the
image Irame at the icon pixel coordinates; receirving a
plurality of the image frames; updating the intervening
object mask between each 1image frames and based on object
and depth immformation 1n each image frame; generating a
plurality of output 1image frames, at least in part by gener-
ating 1cons in each image frame based on the intervening
object masks; and generating an output video stream from
the plurality of the output image frames.

Example 15: A system comprising a processor, the pro-
cessor configured to perform operations comprising: receiv-
ing a video stream of an environment, the video stream
comprising 1image irames, each image frame comprising a
projection of an environment point into one or more pixels
in the image frame; generating a depth map of an image
frame, comprising distances of environment points to a user
for pixels of the image frame, wherein the depth map

10

15

20

25

30

35

40

45

50

55

60

65

16

comprises 1mage pixels and pixel distances; determining
icon location of a virtual reality icon 1n the environment, the
icon comprising a plurality of 1con points; determining icon
pixel coordinates of the virtual reality 1con in the image
frame, based on a projection of the icon points into icon
pixels 1n the image frame; determining 1con distances of the
plurality of the icon points from the user; detecting potential
presence ol an intervening object in the environment
between the user and the 1con location, based at least 1n part
on the 1con pixel coordinates, icon distances and the depth
map; determining intervening object pixels, based at least in
part on the depth map and output of one or more object
information models; determining icon pixels overlapping
the intervening object pixels; and generating the 1con with
the overlapping 1con pixels erased.

Example 16: The system of Example 15, wherein detect-
ing an intervening object comprises: determining whether
the 1con pixel coordinates are 1n an area of the image having
pixel distances closer to the user than the 1con distances.

Example 17: The system of some or all of Examples 15
and 16, wherein the object information models comprise
artificial intelligence models, including semantic segmenta-
tion models and object detection models.

Example 18: The system of some or all of Examples
15-17, wherein determining intervening object pixels com-
prise: performing 1image segmentation on the image frame,
labeling 1mage pixels with a segment label; determining
image pixels having same segment labels; detecting same-
segment-label pixels overlapping the icon pixels and having
pixel distances less than the icon distances; and outputting
the detected overlapping same-segment-label pixels as the
intervening object pixels.

Example 19: The system of some or all of Examples
15-18, wherein determining intervening object pixels com-
prise: performing image segmentation on the image frame,
labeling 1mage pixels with a segment label; performing
object detection on the image frame, tagging 1mage pixels
within an object box with an object tag; determining 1image
pixels having same segment labels; determining same-seg-
ment-label pixels having same object tags; detecting same-
segment-label, same-object-tag 1mage pixels having pixel
distances less than the i1con distances; and outputting the
detected same-segment-label, same-object-tag as the inter-
vening object pixels.

Example 20: The system of some or all of Examples
15-19, wherein the operations further comprise: generating
an output 1image iframe comprising the image frame and the
generated 1con placed 1n the image frame at the 1con pixel
coordinates as an overlay; generating a plurality of output
image Irames; generating an output video stream from the
plurality of output image frames.

Some portions of the preceding detailed descriptions have
been presented in terms of algorithms and symbolic repre-
sentations ol operations on data bits within a computer
memory. These algorithmic descriptions and representations
are the ways used by those skilled in the data processing arts
to most eflectively convey the substance of their work to
others skilled 1n the art. An algorithm 1s here, and generally,
conceived to be a self-consistent sequence of operations
leading to a desired result. The operations are those requir-
ing physical mampulations of physical quantities. Usually,
though not necessarily, these quantities take the form of
clectrical or magnetic signals capable of being stored, com-
bined, compared, and otherwise manipulated. It has proven
convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements,
symbols, characters, terms, numbers, or the like.
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It should be borne 1n mind, however, that all of these and
similar terms are to be associated with the appropnate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the above discussion, 1t 1s appreciated that
throughout the description, discussions utilizing terms such
as “1dentifying” or “determiming” or “executing” or “per-
forming” or “collecting” or “creating” or “sending” 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) quanti-
ties within the computer system’s registers and memories
into other data similarly represented as physical quantities
within the computer system memories or registers or other
such information storage devices.

The present disclosure also relates to an apparatus for
performing the operations herein. This apparatus may be
specially constructed for the intended purposes, or it may
comprise a general purpose computer selectively activated
or reconfigured by a computer program stored in the com-
puter. Such a computer program may be stored 1n a computer
readable storage medium, such as, but not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, and magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMs,
EEPROMSs, magnetic or optical cards, or any type of media
suitable for storing electronic instructions, each coupled to
a computer system bus.

Various general purpose systems may be used with pro-
grams 1n accordance with the teachings herein, or it may
prove convenient to construct a more specialized apparatus
to perform the method. The structure for a variety of these
systems will appear as set forth 1n the description above. In
addition, the present disclosure 1s not described with refer-
ence to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to i1mplement the teachings of the disclosure as
described herein.

The present disclosure may be provided as a computer
program product, or software, that may include a machine-
readable medium having stored thereon instructions, which
may be used to program a computer system (or other
clectronic devices) to perform a process according to the
present disclosure. A machine-readable medium includes
any mechanism for storing information 1 a form readable
by a machine (e.g., a computer). For example, a machine-
readable (e.g., computer-readable) medium includes a
machine (e.g., a computer) readable storage medium such as
a read only memory (“ROM”), random access memory
(“RAM”), magnetic disk storage media, optical storage
media, flash memory devices, etc.

While the mnvention has been particularly shown and
described with reference to specific embodiments thereof, 1t
should be understood that changes i the form and details of
the disclosed embodiments may be made without departing,
from the scope of the invention. Although various advan-
tages, aspects, and objects of the present invention have
been discussed herein with reference to various embodi-
ments, 1t will be understood that the scope of the invention
should not be limited by reference to such advantages,
aspects, and objects. Rather, the scope of the invention
should be determined with reference to patent claims.

What 1s claimed 1s:

1. A method comprising:

receiving, by one or more processors of a computing

device, a video stream of an environment, the video
stream 1including a plurality of 1mage frames, each
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respective 1mage frame from the plurality of image
frames including a projection of an environment point
into one or more pixels of the respective image frame;

generating, by the one or more processors, a depth map of
the 1mage frame, the depth map including respective
comprising distances of environment points to a user
for each of the image pixels of the image frame;

determiming, by the one or more processors, icon location
of a virtual reality icon 1n the environment, the icon
including a plurality of icon points;

determining, by the one or more processors, 1con pixel
coordinates of the virtual reality icon in the image
frame based on a projection of the 1con points 1nto icon
pixels 1n the 1image frame;

determinming, by the one or more processors, 1con dis-
tances of the plurality of the 1con points from the user;

detecting, by the one or more processors, potential pres-
ence ol an intervening object in the environment
between the user and the 1icon location, based at least 1n
part on the icon pixel coordinates, 1con distances and
the depth map;

performing, using an 1mage segmentation module
executed by the one or more processors, 1mage seg-
mentation on an 1mage frame from the plurality of
image Irames;

labeling, by the one or more processors, each of the image
pixels of the image frame with a corresponding seg-
ment label;

identilying, by the one or more processors, 1mage pixels
of the image frame having same corresponding seg-
ment labels as same-segment-label pixels;

determining, by the one or more processors, mtervening,
object pixels, based at least in part on the depth map
and the same-segment-label pixels overlapping the 1con
pixels and having pixel distances less than the icon
distances;

determining, by the one or more processors, 1con pixels
overlapping the intervening object pixels;

generating, by the one or more processors, the icon with
the overlapping 1con pixels erased;

generating, by the one or more processors, an output
image frame based on the image frame, the i1con, and
the overlapping same-segment-label pixels; and

outputting, by the one or more processors and for display,
the output 1mage frame.

2. The method of claim 1, wherein detecting an interven-

ing object comprises:

determiming whether the icon pixel coordinates are 1n an
arca of the image having pixel distances closer to the
user than the i1con distances.

3. The method of claim 1, wherein determining interven-

ing object pixels comprise:

performing object detection on the image frame, tagging
image pixels within an object box with an object tag;

determining the same-segment-label pixels having same
object tags as same-segment label, same-object-tag
image pixels; and

detecting same-segment-label, same-object-tag 1mage
pixels having pixel distances less than the 1con dis-
tances as the mtervening object pixels.

4. The method of claim 1, further comprising:

generating a plurality of output image frames; and

generating an output video stream from the plurality of
output 1mage frames.
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5. The method of claim 1, wherein the plurality of image
frames 1s a first plurality of image frames, the method further
comprising;

generating an intervening object mask based on the inter-

vening object pixels;

crasing icon pixels within a boundary of the intervening

object mask;

generating the output image frame based on the image

frame and the generated icon placed 1n the image frame
at the 1con pixel coordinates;
receiving a second plurality of image frames;
updating the intervening object mask between each image
frame from the second plurality of image frames based
on object and depth information 1n each 1image frame
from the second plurality of 1mage frames;

generating a plurality of output image frames, at least in
part by generating icons 1n each image frame based on
the 1mtervening object masks; and

generating an output video stream from the plurality of

the output 1image frames.
6. A non-transitory computer storage that stores execut-
able program instructions that, when executed by one or
more computing devices, configure the one or more com-
puting devices to:
recetve a video stream of an environment, the video
stream 1ncluding a plurality of image frames, each
image frame comprising a projection of an environment
point 1nto one or more pixels in the 1mage frame;

generate a depth map of the image frame, the depth map
including respective distances of environment points to
a user for each of the image pixels of the image frame;

determine icon location of a virtual reality i1con in the
environment, the icon including a plurality of icon
points;

determine 1con pixel coordinates of the virtual reality 1con

in the 1image frame, based on a projection of the icon
points into 1con pixels in the image frame;

determine 1con distances of the plurality of the icon points

from the user;

detect potential presence of an intervening object in the

environment between the user and the icon location,
based at least 1n part on the 1con pixel coordinates, icon
distances and the depth map;

perform 1image segmentation on an image frame from the

plurality of 1image frames;

label each of the image pixels of the image frame with a

corresponding segment label;

identily image pixels of the image frame having same

corresponding segment labels as same-segment-label
pixels;

determine intervening object pixels, based at least 1n part

on the depth map and the same-segment-label pixels
overlapping the 1con pixels and having pixel distances
less than the 1con distances;

determine icon pixels overlapping the intervening object

pixels;

generate the 1con with the overlapping icon pixels erased

generate an output 1mage frame based on the image
frame, the 1con, and the overlapping same-segment-
label pixels; and

output the output image frame.

7. The non-transitory computer storage of claim 6,
wherein the instructions that configure the one or more
computing devices to detect an intervening object comprise
instructions that cause the one or more computing devices
to:
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determine whether the i1con pixel coordinates are in an

area of the image having pixel distances closer to the
user than the icon distances.

8. The non-transitory computer storage of claim 6,

wherein the instructions that configure the one or more

computing devices to determine intervening object pixels

comprise istructions that cause the one or more computing
devices to:
perform object detection on the image frame, tagging
image pixels within an object box with an object tag;

determine the same-segment-label pixels having same
object tags as same-segment label, same-object-tag
image pixels; and

detect same-segment-label, same-object-tag 1image pixels

having pixel distances less than the icon distances as
the intervening object pixels.

9. The non-transitory computer storage ol claim 6,
wherein the instructions further cause the one or more
computing devices to:

generate a plurality of output 1image frames; and

generate an output video stream from the plurality of

output 1mage frames.

10. The non-transitory computer storage of claim 6,
wherein the instructions further cause the one or more
computing devices to:

generate an mntervenming object mask based on the inter-

vening object pixels;

erase 1con pixels within a boundary of the mask;

generate the output 1mage frame based on the image

frame and the generated icon placed 1n the image frame
at the 1con pixel coordinates;

recerve a second plurality of image frames;

update the intervening object mask between each image

frame from the second plurality of image frames based
on object and depth information 1n each image frame
from the second plurality of 1image frames;

generate a plurality of output image frames, at least 1n part

by generating icons 1n each image frame based on the
intervening object masks; and

generate an output video stream from the plurality of the

output 1image frames.

11. A system comprising:

a processor; and

a storage device configured to store instructions that,

when executed by the processor, cause the processor to:

recerve a video stream of an environment, the video
stream 1ncluding a plurality of image frames, each
image frame comprising a projection ol an environ-
ment point mto one or more pixels 1 the image
frame;

generate a depth map of the image frame, the depth
map ncluding respective distances of environment
points to a user for each of the image pixels of the
image frame;

determine icon location of a virtual reality 1con 1n the
environment, the icon including a plurality of icon
points;

determine 1con pixel coordinates of the virtual reality
icon 1n the 1mage frame, based on a projection of the
icon points mto icon pixels 1n the 1mage frame;

determine icon distances of the plurality of the icon
points from the user;

detect potential presence of an intervening object 1n the
environment between the user and the 1con location,
based at least 1n part on the icon pixel coordinates,
icon distances and the depth map;
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perform 1mage segmentation on an 1image irame from
the plurality of 1image frames;

label each of the image pixels of the image frame with
a corresponding segment label;

identily 1mage pixels of the image frame having same
corresponding segment labels as same-segment-la-
bel pixels;

determine intervening object pixels, based at least 1n
part on the depth map and the same-segment-label
pixels overlapping the 1con pixels and having pixel
distances less than the icon distances;

determine 1con pixels overlapping the intervening
object pixels;

generate the i1con with the overlapping i1con pixels
erased

generate an output 1mage frame based on the image
frame, the 1con, and the overlapping same-segment-
label pixels; and

output the output 1mage frame.

12. The system of claim 11, wherein the instructions that
cause the processor to detect an imtervening object comprise
instructions that cause the processor to:

determine whether the i1con pixel coordinates are 1n an

arca of the image having pixel distances closer to the
user than the i1con distances.

13. The system of claim 11, wherein the instructions that
cause the processor to determine intervening object pixels
comprise instructions that cause the processor to:

perform object detection on the image frame, tagging
image pixels within an object box with an object tag;
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determine the same-segment-label pixels having same
object tags as same-segment label, same-object-tag
image pixels; and

detect same-segment-label, same-object-tag image pixels
having pixel distances less than the icon distances as
the intervening object pixels.

14. The system of claim 11, wherein the instructions

further cause the processor to:

generate a plurality of output image frames; and
generate an output video stream from the plurality of

output 1mage frames.
15. The system of claim 11, wherein the instructions

further cause the processor to:

generate an mntervenming object mask based on the inter-
vening object pixels;

erase 1icon pixels within a boundary of the mask;

generate the output 1mage frame based on the image
frame and the generated icon placed 1n the image frame
at the 1con pixel coordinates;

recerve a second plurality of image frames;

update the intervening object mask between each image
frame from the second plurality of image frames based
on object and depth information 1n each 1mage frame
from the second plurality of 1image frames;

generate a plurality of output image frames, at least 1n part
by generating 1cons in each image frame based on the
intervening object masks; and

generate an output video stream from the plurality of the
output 1image frames.
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