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An apparatus, method, and computer readable medium that
include accessing a frame bufler of a graphics processing
unit (GPU), analyzing, 1n the frame bufler of the GPU, a first
frame representing a {irst section of a stream of displayed
data that 1s being displayed by the apparatus, the first frame
including secondary digital content, analyzing, in the frame
bulter of the GPU, a second frame, the second frame
including the secondary digital content, determiming a
change 1n a position of the secondary digital content from
the first frame to the second frame based on a comparison
between the first frame and the second frame of the dis-
played data, and overlaying the secondary digital content in
the second frame of the displayed data based on the deter-
mined change i1n the position of the secondary digital
content.

310b
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Decoding the encoded data of the reference paich from the
frame, In the frame buifer of the graphics processor, of the
stream of data displaying digital content

Exiracting, tfrom the encoded data of the reference patch, a
position and size of the surface area

Calculating a position and size of the surface area relative to
a size and shape of an output of a display displaying the
digital content



Patent Application Publication  Oct. 13,2022 Sheet 1 of 26 US 2022/0327748 Al

FIG. 1

850

Network
851




US 2022/0327748 Al

Oct. 13,2022 Sheet 2 of 26

Patent Application Publication

Ve Ol

elep psAe|dsip syl ojul yoied sousisiad ay) buijeibalui

JUsIU0D |elbip UM Bale aoeuns syl buneoossy

elep
paAe|dsip Buijusuwibne 10oj eale adeuns e 0} buipuodsallod
Jaluapl anbiun e sapn|oul jeyl yoled adualalal e bullelausg)

00¢

Gic

01

G0¢



US 2022/0327748 Al

Oct. 13, 2022 Sheet 3 of 26

Patent Application Publication

d¢ Il

layiuap! anbiun ay) 0] ealde adeLNs sy} BujuiT

AG0¢

yoled aoualajal 9yl Jo suoiuod bunie
4507

laiJjuapl snbiun & yum yoled oaousislal ay) buipoduz




J¢ Ol

US 2022/0327748 Al

JUSUOD |B)BIP BU} JO |0JIJUOD SS800E

0} Duipuodsallod elepelaw Yjm Jaliuspi anbiun bunelioossy 0L7

Oct. 13,2022 Sheet 4 of 26

_
_
_
_
_
_
_
_
_ JUBIU0D |BUbIp 8y} JO poylaw bulspusal pue 1euwlo)

| 0} Buipuodsslloo elepeist YHm Jaljijuapi anbiun buieioossy 017
|

|

|

|

|

|

|

|

|

JUSIU0D [BUDIPp 8y] JO uoneoso| pue abelols
0} Buipuodsa.ll00 glepelaw YlIM Jaiiuapi anbiun buneioossy 2017

Patent Application Publication



US 2022/0327748 Al

Oct. 13, 2022 Sheet 5 of 26

Patent Application Publication

dc Ol

glep paAe|dsip ay)] ut yojed aousiajal sy bultonisod

G
Alowsw Alejodwial ay] Wol} yoyed adusiajal ay) bunoenx3
4Gl ¢
Alowaul
Atelodiual e ul yoled 8ouaia)al oY) bunioys/bulliaisued | ecL7

-

L
———
N



US 2022/0327748 Al

Oct. 13, 2022 Sheet 6 of 26

Patent Application Publication

ve Ol

iayuspl anbiun ay) uo

paseq ejep pade|dsip ay] ojul Juajuod |elbip syl buiAelisAD

Jaljnuapi anbiun ay) Uuo paseq Jusiuod |eubip syl buiAsLleY

layiluapi anbiun ay) buipoosad

elep paAejdsip ay) ul sjqelasul
S1 JUBU0D |BIBIP 8yl Udiym Ul Bale a0BLINS B YIIM PaleIDOSSE
lalijuapi anbiun e buipnjoul yosjed adsuaisjal e buiAjjuspi

gjep paAg|dsip JO weals e o

'108s8204d so1ydelb e jo sang swed) e ul ‘swel e buizAjeuy

Gt

0ct

Gie

139

G0¢E



US 2022/0327748 Al

Oct. 13, 2022 Sheet 7 of 26

Patent Application Publication

dg¢ Ol

Jusuo9 |ebip
ay) buiAe|dsip Ag|dsip e jo Indino ue jo adeys pue azis e

0] 9AllR|84 BaIR 90BUNS BY] JO 9IS pue uonisod e Bunenoen

eaJje aoelNS 8y} J0 8zis pue uoljisod
e ‘yojed 8ousi8)al 8y] JO BIEP PapOoUs By} wol) ‘Bunoenx3y

JUSJU0D [rUDIP DulAe|dsip Blep JO weals
ay} Jo ‘10ss920.4d soiydelb ay) Jo Jayng aweyj syl Ul ‘awiel)
oy} woJy yoied aouaisal ay) JO elep papodus syl buipooseqg

A0LE

q0L¢



US 2022/0327748 Al

Oct. 13, 2022 Sheet 8 of 26

Patent Application Publication

o€ 9l

JUB1U0D Buiuswbne ay) JO |0J1U0D $S2208 Al|IQISIA B Bulag

J0¢E

Bale 92BLNS 8] JO Jaljuspi snbiun
oU] YlIm pale1oosse Jusiuod bunuswbne ay) buljquassy q407¢

18iluapl anbiun seale 95BUNS Y] UIM paleioosse
JUSlUOD Bunuawbne ay} $8quosSap Ydiym ejepeiawl BuinsL)oM




US 2022/0327748 Al

Oct. 13, 2022 Sheet 9 of 26

Patent Application Publication

Vv Ol

Jaynuapi snbiun syl uo
paseq ejep paie|dsip ayj ojui Jusuod |eubip syl bulAeluaAp

JBIIUSPI |nbiun sy} Uo pase( UL |elbip oY) buirsLley

yoled aouaiajal oy} Jo Jaijuapl anbiun ayj buipossg

ejep paAe|dsip au} ul si payuapl sem
yojed aoualaial syl yoiym ul soeds Alowswd builndwiod ayj 0]
Buipuodsa.llo0 uoieoljdde aiemijos syl Jayeuym buluiwisaeg

AJowiswl oY) Ul yoled aouslslal ay) BulAjnuapi

Aelie
oy} ul seords Alowsw BuiNduiod ay) Jo yued ayl buiuiwiela(

Aelie ay) ojul ejep aseds
Alowew bunndwos pue eiep aoeds Alowasw g0 buijelbaju;

Alowiaw ay) buissaooy

00¥

Oy

GEV

Oty

GOV

V4

Gy

Oly

GOv



US 2022/0327748 Al

Oct. 13, 2022 Sheet 10 of 26

Patent Application Publication

gy Ol

jusjuoo |eybip
ay) buiAe|dsip Aejdsip e jJo 1ndino ue jo adeys pue szis e

0] 9AllB|8l BaJe 90BLNS 8y} JO 8ZIs pue uonisod e Bunenoen Wiy

pale adrlNs ay) {0 8zis pue uonisod
e ‘yojed sousiajel 8y) jO Blep pepoous oy} woll ‘Buoelyx3 0Ly

JUBJU0D |elbip BulAe|dsip elep JO wealls ay) Jo Alowaw uleul
9yl WoJj yojed aoualsjal syl JO Blep papooud ay) buipoosg




v Il

US 2022/0327748 Al

JUBJU0D bunuawibne ay} Jo |0JJU0D sS820E AJjIgISIA B Bujeg

Oct. 13, 2022 Sheet 11 of 26

|
_
_
_
“ 20Tt
_
_
- |
S _ BaJe 90BUNS 9y} JO Jaluapl anbiun
.m _ a3yl Ylm pajeInosse 1ualuod bunuaswbne ay) buljquisssy 4074
= |
- |
=¥
- _
= |
m | JaiIluUdp! anbiun s eale 82.LNS aY] YlIM Paleioosse
.IW " 1UBlU0D buljuswibne ayj] $aglosap Udiym elepelald BUiAsiey 207
N _
= e e ot e oo oo e e e e oo oo oo o e oo momn sooe oot o o oo oon ooe oo oo o oot oo oo o e o oooe oo oo
&
o~
o



Patent Application Publication  Oct. 13,2022 Sheet 12 of 26  US 2022/0327748 Al

FIG. 5A

103

)
)
o
L
)
X

FOal e -
LR a-:-h:-h:a-"
)

X
X

e T Ty

L D I

106

102




US 2022/0327748 Al

Oct. 13, 2022 Sheet 13 of 26

|l nC o)
L e
.4.4.......4....4&........_...”4”.._&....4.___...

xR R E
F.Hn“a"a"nxn“anv_
MR T NN
RO N A K A A A

Hﬂlllll

Patent Application Publication



US 2022/0327748 Al

Oct. 13,2022 Sheet 14 of 26

Patent Application Publication

i) s

FY
FY
Y

A A A A A L A
LN k
”x”x”x”x”x”x”x”x A .x”x .xr.x”x”x”xnxnx”
A A A A AN A N A M A R AN A A
M A i i A
L i e )
N N A i N
AR A e a0 M A i)
e N
Pl r.x. k. .xxx L .xxxr.x A .xu..
.r.

E g

)
o)
]
o)

EY
EY
EY
EY

FY
Y
FY
Y
FY

e
)
£
)
£

EY
EY
EY
EY
EY

FY
Y
FY
Y
FY

o

LM N MM N .HHPHHH’.H’H’H
!HE.HH. L A A N AW N AN NN
LA M N o o oA
e oo A e e A e e
o oo P o PP x”x i x”u.” 2

e
o,
£
)

)
i)

M
H
F
M
H
F
M
H
F
M
FY
FY
Y
H
F
M

.
o)
-5

e
)
F
P,
o,
£
P,
k.
F
P,
o,
£
P,

-

EY)
2
2
-]
)

)
£

A
A
A
A
A
A
A

2 r r L L

EY
EY
EY
EY

n AL
P
M

M

2




US 2022/0327748 Al

Oct. 13, 2022 Sheet 15 of 26

Patent Application Publication




US 2022/0327748 Al

2022 Sheet 16 of 26

Oct. 13,

ion

t

Publica

ion

t

Patent Applica

L ]
B
¥
¥

e

X i i
L) d i i i i
i

I
»
¥
Fy
F3
¥

L )
r Calal sl ol

AL AL NN M AL
i i i

¥ i
Ea)
L)
L)
XX
L)

i

i
L )
P S S i My
..q”... r &”.4 .qu.q .q”.q ..q”.q
e e e e e e e
)

r i _ir e e i i
M AL H....H
ir i iy
ir

X
¥
X
X
¥

i
X
¥
F
F
¥

¥
X
¥
¥
¥
¥

i
X
¥
Fy
F3
¥

i
X
¥
F)
F)
¥

¥ ¥
X X
L)
L)

bt A e e

P S S Pl M
....”... i ....”.._. .q”.... " ....H...
P A AL X N AL
L el
....”.4 i ....”.._. .4H.4 .4H.4 .4”.4
o AL N N
o
.4”... * ....”.4 .4H.4 .4H.4 ....”.___
P P AL M N
L
.4”.4 * .4”.._. .4”.4 ...H.q .4”.___
P AL M N AL
L e e N
.4”... * ....”.4 .4H._._.4.___”.___H._._4._._
P B AL AN M N A
o e N
P .4”.._. 4”.4“4”..“._._4.._
P AL M N B
[

™
)
)

X
¥
F

¥ ¥
X X
)
L)
XX
)

i
X
¥
F)
F)
»

X ¥ ok
X X
L)
LX)

X XX

X
¥
F)

X i ok
X X X X
X X X X
e S )
M)
X %X

¥ i
X
LN )

X
¥
»

i
X
F)
o
»

i
X
F)
»

™

¥
¥
R S )

X ¥ ok ¥
X X
Eal )
)
EaE )

L)

iy &
st

L
FY

™
»

NN )

P
o

X

-I‘-i-ll-i

L ] L ]

L RE N NE I
&

L NC N

#':‘:‘:*:‘:*

FoEEEF
)
Lt

Lt M)

AR

T
AR
EE N )

ap A Al A

L) 4.4...”.4”.___”._.”.._”.._”____ -

R N N

L] .4.....___H.4”._._....._._”.___“.___”.___H._._4.._

Wk e ek

A . k&
Ll

»
»

y ok b bk kb
E N
& & X

i e i
LN

*

»
xJ

E e N

LRC O A

L R MM N MR
x

b
%
L

NN N N NN NN

L ._._H....“.._. i ........4”...“...“._._
e BRI M N
E )

b
4-:4-
LN

X

o
»
»
L ]

»
L
»
»

o
»
»

X
o e

s ar

L) Ll )

e S

4. ]

e . -

) o

1

X

-

o

&

[

X

*

*

Y

&

«t "
AR R MMM NN
E R0 0 M RE N A

R R R RN

I
»

L) *
E ke a a ) [
L) .___._—.___H.q 4H4”4H4H4H4“.4
Ll al 30 2l ko

¥
»
¥

I
»
»

RN NN
NN A

L ]

...H...H...”...H...H...”...H...“.q
B A

i e e
o S

H...H...H...H...H...H...H_..”...H... i &
dp e iy iy
o RO N
R M W
B A
R N
Wy i by 0
L
4”.-_.“4 e

Y
AL »
¥ X

[
LR
L3 .4”.... i i *H#”...H...H._..H.q
e e
b e e e e
e e e e e

e e e
A e
AL NN MM )
" 4H4
L)

i
L

ir
i

¥k k kb
kY
Ll o )
Pl e
o ok af
¥ K K k¥

F

[
Ll
X
X
L et e )

»
XX
X

i i
L
s
i i
i i
Y

ar

LN A

Ca )
wa

5
[3

L

*
)

)
Pl

L)
Cal )
.-_...H.___
L)

»
I

ﬂ:q.:;: X
L
T N Ny
X B X
R et N

*.

N O N

X
4-:#:#*4-
X X K

)

...................................._.”......

X

E R XXX NN

MR
...-._HH.HHHHHHHH.HFF.F

R E N

PN NN

W e e e ey e e eyl iy e d e A

]
L) .4._._H4”...H4H.._”...H.___”4”...H4.._
Ll al sl ke
L E a3k a0l a0 3 A
Ll s el
L 0 3 a0 3 A
Ll a3 Nl
L S R O el
E e N
L E a0 E 3 aE a0 0 3 A
R s
L A -
L N
L B S A N
R N
LR C AC B A A0
L )
L A
L
LR R S R
L S A
L CE 0 30 A a0
L R N
LR S A
L S W Al
L O S
N
LR C C 3 AC M
L s i
L 3
Ll S M
L R S A
E e N
L E C B 30 A0
WA
L N NN
L O S A
R N S
i a ke d e i A
L E 3
A e eyl
E e aE E o )
L A
LN A
L N
LR
WX e e el
L e N
L Sl Al
L e S
Ll N
LR A
L N T
LR 3 NCC M a0
Ll
L S S
L N
LR E 0 B 3 aE a0 3 A
L S e
L 0 3 A M
L Sl Al
Ll N
Ll s N N
EE 0 aE 0 30 0 A0 0 M a0
PR O s el
P 0l 3 a0 a0 3
Ll 3 Al kAl
LT N
L ONE L S Al
L RCONE B a0 a0l 3 A
Lt stk sl
L aE N
Ll Rl al
L e e
Ll al e
L aE SR A M a0
Ll sl sl e sk sl
L el U
L bl al 33 Nl s
Ll O N
Ll OO
L E a0 L 30l 3 A
L W e
F ] [ ]
e

I-I'I'I-"I'I'I-I'I'I-I'I'I-I'

»

¥
»
B
»
L ]
B
»
»
B

L
.
»

»
AE N

Ll a
L M

]
....4._._H4”...”4.._
H AL

LAl
Ll Al
A AL

LR )

F)
»
»
»
»
»
L
»
]

Ll
LN
L
Ll

L)
L)
L)
L)

» §
Lt )
LN
»

NN

L

NN
&

LM M)
4.*4.‘:*
4:4-:4:4-44-
e e MM )
AR Ry

B R N e e MM N B e RN

» LI
»
¥t
oA
L

»

L)
Ll
L)
L)

L)
L)
L)
Ll )

L)
Ll
L)
L)

&
*
*
*

L3l
-
-
L)

)
F )
)
F )
- kB

5
5
5
5

»
L)
»

»

»
L)
»

»

»
L)
»

»
4-:4
F F FF

Ll B N )

5
5
5
5

»
»
»

L)
PN
L

L)
PN
E3

L)
PN
)

L)

%

LM

5
5
5
5
1]

L)
Y
L)
L)
Y
L)

L S )

)
»
»
»

L)
»
»
»

L)
»
»

4-:4-

»

*
&

L)
L)

-
&

L)
L)

*
&

L)
L3l

5
5
5
5
1]

E)
»
»
»

)
»
»
»

E)
»
»

4-:4

L

Ll Ul sl

5
5
5
5
1]

»
L
»

L)
PR )
)

M)
PN
)

L)
PR )
)

L)
L)
LM

5
5
5
5
1]

Ll e e

»
L)
»
»
»
L)
»
L
»
L)
»
»
4-:4-
»

L)
L3l

[
[

L)
L)

[
[

L)
L3l

[
[

L)
L)

5
5
5
1]

»
L)
»
»
»
L)
»
»
»
L)
»
»
4-:4
|

AR R

5
5
5
5
1]

»
»
»

L)
PN
EY
L)
PN )
EY
)
PN
)
)
L)
PN

5
5
5
5
1]

WA R

»
L)
»
»
»
L)
»
»
»
L)
»
L
4-:4
L

L)
L)

[
[

L)
L)

[
[

L)
L)

[
[

L)
L)

5
5
5
5
1]

»
E)
»
»
»
E)
»
»
»
E)
»
»
4-:4
L

LSl el kel

5
5
5
5
1]

-
L
-

)
PR
L

E )
PN
)

)
PR
£

E )
3l
LM

5
5
5
5
1]

Ll sl )

»
E)
»
»
»
)
»
»
»
E)
»
»
4-:4
L

L)
L3l

[
[

L)
L)

[
[

L)
L3l

[
[

L)
L)

5
5
5
5
1]

»
L)
4-4-4-4-44-4-4-4-4-:44-4-44-4-4-4-4-44-4-4-4-4-4-4-4-44-*44444#44444#444-444444-
4-:4-
AR R R R R R R R R R
4-:4-
I M B N M RN
4-:4-
|

WA

5
5
5
5
1]

-
-
L

L)
Tty
4444-4-4:4:4'44444-44-4444-4-4-4-44-4‘44#44444444#4414&#44#4444
R
L)
)
L
444-4-44:4:4‘44444-4-4-444-4-444-44-4444-44444444#44444#44#44444
)
S

Ll
Ll
Ll
L aE a3 3 M
L RN N
Ll al e

&
*
*

Eals
Ll
Ll

[
*
-

Ll
Ll
Ll

&
-
*

Eals
Ll
Ll

E)
E)
E)
E)
|

5
5
5
5
1]

)
Ut )
)
F )
B

AN
L)

Ll )

Ea sl *
A
R A

x

r
+
*

»

& &
L)

& &
X
& &
[ 3

i

"+
Ll

L)
L)
)
MM
MO
»

| ]

NN
»

F )

RANNNIMN
d i i e

*
-

X
»
»

ity
RO N NN
| ]

L

-I‘I*-I-Ill-li*

)
L)

)
| 3

X

il R



US 2022/0327748 Al

Oct. 13, 2022 Sheet 17 of 26

Patent Application Publication

V9 Ol

‘Ae|dsip au} jo
paJe Ae|dsip 9)gemalA 8yl UIYlim sluely) JUaLIND ay] 0] dAlle|s.
1US1U00 |_NbIp AJBpuosas ay] JO UOISOd ay) sulwlala(

‘uos1iedwod 8y} Uo paseq awel) sNoIAs.d
ay) pue swelj Jualind ay} ussmiaq Ajejiwis e aje|nojen

‘BlEp paAe|dsip jo awel)

SNOIABId B YlIm Blep paAe|dsIp JO awlel) Jusling aledwon

0OSN

GL9S

0195

GO9S



d9 Il

US 2022/0327748 Al

‘ejep paAe|dsip uiylim

JUBJUOD |elbIp Alepuooas oy} JO UoliSCd Mau auilIBIa( G998

Oct. 13, 2022 Sheet 18 of 26

‘019 ‘Ayoielisly ‘S8ZIS MOPUIM ‘SUOIIRD0| Yoled sdoualajal
pue mopuim buipnioul ‘uonewJiojul Aelle ui sebueyd 1099123 0998

‘AeJie Ui uoleuwllojul azAjeuy

GGOS

L 09N

Patent Application Publication



US 2022/0327748 Al

Oct. 13, 2022 Sheet 19 of 26

Patent Application Publication

L Il

JUBIU0D |Blbip Alepuodas ayj buipnout uonisodwod
lenbip e 0] buipuodsalios Aeidsip |[enliA B 9jelausn)

JUSU0D |_HDIp Alepuodss ay)
JO UoIlSOd By} auiwislep pue ‘|lejnoied ‘aiedwiod A|pAneIa)

GCLS

0CLS



US 2022/0327748 Al

Oct. 13, 2022 Sheet 20 of 26

Patent Application Publication

V8 Ol

‘Ae|dsip
9] JO Bale 9|geMdIA 3] UIyIm J1ualuoo |rubip aul buiAe|iano
Buipn|oul Jusjuod |elbip sy} Jo UoiISod JUsJind By} uo
poseq aousuadxe Jasn |enbip e jo uoijeluswbne ue ajelausn)

‘Aeydsip 8y} JO BaJe 9|gBMaIA 8U] UIYylIM auwel) Jusiind ay)
0] @AlIB|aJ Ju8uUoD [NDIp 8Y) JO uoiisod Jualind B aullsl}a(

'uosIIedwod 8y} UO paseq swel} snoinsid
9] pue swel) JuaLInd ay) usamiaqg Allie|iwIs e aye|nojen

elep Ae|dsip Jo

auled] SNoiAaId B Yiim elep Aeldsip jo awel Jualnd aijedwor) |

QO8I

GV8S

0v8S

GEBS

0E8S



US 2022/0327748 Al

Oct. 13, 2022 Sheet 21 of 26

Patent Application Publication

d8 Ol

‘Ae|dsip
oy} JO Bale 9|gemMaiA syl UiYlIM Juaiuod |elbip ayl buiAeluaao
Buipn|oul ‘Jusjuos | ubip ay) Jo uoiisod jualind ay] uo
paseq adusiiadxe Jasn |eybip e Jo uoijejuswbne ue a)eiauss

‘Aejdsip ay} JO eale a|gemain syl uiylim Aelie Jualind ay)
0] SAljR|2J JUalu09D [ UDIP 8y] JO UoiISOod JUBJIND B aullI8)8(]

‘uosLIedwos sy} uo paseq Aelle snNoIAsd
oy} pue Aelie JUs.InD 3] Usam}aq S2UIBYIP B auIlI8}a(]

‘elep Aedie snoinald yim elep Aeldie 1uaiinod asedwon

LOBIN

GLBS

0L8S

GO8S

098S



6 9l

US 2022/0327748 Al

€006

Oct. 13, 2022 Sheet 22 of 26

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

[ el .
ﬁ Yt n Lew

'ﬂ.i.“' -

¢00

rl -
M T w s

‘. i gl g i am L) i ok By gl pl LI |
- ™ _l__l“_ i e " of - = W

e . 606

_'_‘ .‘."_

y0l
106

Patent Application Publication



Patent Application Publication  Oct. 13,2022 Sheet 23 of 26  US 2022/0327748 Al

600

/
/!
4

USER DEVICE

CONTROL LINE DATA LINE
CL - DL

5 WIRELESS ﬁ
| COMMUNICATION |
| PROCESSING | qupuepuag-!|
SECTION g

606
SHORT-DISTANCE 5
WIRELESS
COMMUNICATION r
PROCESSING
SECTION

620~ DISPLAY

TOUCH PANEL

SECTION ~607

630~

640”*{ ~608

1 MOTION SENSOR

650 ~-

CAMERA SECTION

..............

660



Patent Application Publication  Oct. 13,2022 Sheet 24 of 26  US 2022/0327748 Al

Input/Qutput
Devices

Memory
BUS (550) |
input/Output

730

Storage Device




OlL8
U98Jog

yono |

718
9SNON;

/pleogAsy

818

s|eJaydiiad

US 2022/0327748 Al

Oct. 13, 2022 Sheet 25 of 26

808
19||0J1U0D) 19||0JJUOC ) 19]|0.JUOD 19||0NJUO0

MIOMISN abelo)s puUNOS Ae|dsi

1G8 CC8
MIOMION siayeadg

Patent Application Publication



US 2022/0327748 Al

Oct. 13, 2022 Sheet 26 of 26

Patent Application Publication

&L Ol

LI |
LN

Tala

L

L]

RN

o

L]
L]
_jl_il'l-‘l‘
.
.

L]
o Te

|l e x e
L . L ] -_ll.-.l.l.l £ l_.-.

...._.rt.r.r.v.r.r.r.r.r.r.r.t.r.r.t.r.rt.v.r.r.v.r.r.r.rt.-..._.._1.._.._.._.._.._...1_
b b b b S b oS S b S S b M b M b bk M b M b dr b b e o dp dr b i M i A
I I I e T S e S B B S S i iy R i,

L]

LN |
Ll

P .ok ' . Jrodr b i e Jr o de e b de b e de e b de b O de O b O b O 0 O Jr i O dr dr

. ko dr dr dr dr dp dr dr Jr Jr dr de e dr dr dr B Jr dr dr 0e 0r 0r 0r 0r 0r Jr Or Op e oF i i ir i
r . b dr dr d Jrodp b dr dr Jr dr Jr de de de dr B dr Jr dr O Je Jr Br dr dr dr Jp g OF dp Jr dp Jr dp Jp dp Jr dp gk A BF & & & Jp e
Lo . b b b b o e b drom b de o de e b b do b bo be b e e b b d b Jn W odr dr dr dr dr i
- dr dr dr dr dr dr dr dr Jr b dp dr dr e dr dr dr Jr dr dr e e 0r 0r dr O dr dr dgp o 0r 0r dr dr g dp dr dr dr O Op
e .. . . W U dr dr b b b de ek b i o do do de de dr B Jr dr de de de de dr dr Op b oF dp dp dp i dr dr i dr W A b O b A 4 dp
' . b b F b b b S b o b o ox deodr br o b o e e b d b e b Jo Je b Ju i dp Jpodp Jrodp Jrodr dr o dr dr o dp Jp o dr
. . Fl . b e & Jr dr dr dr dr Jr Jr Jr f dr f dr dr dr Jr dr dr e e 0r 0r dr dr Jr o OF dp i i dr ir i dp ip dp i e b dr e ae b ki
- - B Jdr d u g dr drdr dr dr Jr Je m iy drodp O Jr dr Jr Je dr Br dr dr dr dr Jp o dp r dr dr dr dp dp dp dr dr dr dp dr dr o dp dr ok b & &k Jp 4
. . . b b b o ke b i b oo bo be o e e b dr o o b b Je Je b b b O o o g o dr dr dr dr dp dp dp dy dp dr dr dr i &k b ke b A odr
- . dr dr dr dr dr & dr df dr dr de dr dr dr & dr dr dr dp 0r dr O Jr Je Jr e e e @ 0 Jr b Jp dp Jdr dr J0r ir dr dp dp ip dr
. dr d dr b b b dp o Jp it Jr dr dr dr dr drom dr Jr Jr Mg dr Jr dr dr Jr e e g da @ dp dp dp dp dp dp dp dr dp dp dp dp ir
' . a b b b o o ke b b b bk b b e b b b do b o b it b d b b b b pdt roir do b do de b dr dr drodr dp b dr b dr
o o dr dr dr dr dr dr dr & Jr Jr g Jr Jr dr O dr & Jr Jr dp Jr @ Jr Jr Jr Jr Jp g O i dp dp dp dp dp dr dr ir ir dp dp ip iy ir
. L dr d J b de dr dr o door Je e df dr dr dr Jr dr ow de drip Jr dp dr dr Jr Jr i dp dp Jp dp Jp dp iy dr dr dp dp Jp dp Jr o Jdr dr dr
. Foa . . Jr d Jr de dr dr dr o o Jp Je Je dr e i O e 0 de & Ur Jr Jr dp Jr op Jr Jr i i dp dp dp dp dp dp dr dr dr dp dp dp dp dp dr dr )
. I o N e s o
J d dr d J de de dr dr o Jr e Jeom dr dr dr @ g dr Jr Je dr O Jr dr dr Jr i OF dp i dp dp dp dp dp dp dp dp dr dp dp dp dp dp dr dr
b b b o e b b dr bo bo be b ko b bk b b b b b b b b b o Jo 4 g & dr Jrodp Jp o dp dp dp Jr dr dr o dp Jp dp Jr dr Jrodr Jr dr Jr i
. b d ok O kb b b b de b de bk de b de dp o dr de deow de de de dp e db i dr iy oy dp i dr iy dp e dp e i iy e ey
J d dr de de dr dr o do Je de de de dr dr dr oo dr Or Je dr lF Jr dr ki Jr dr e gu BF i Jp b Jp Jp dp o & dr dp Jp dp dr Jr dr dr dr dr dp dp dp dr dr
.. b b b do o e b b dr b bo be Je Je b b b dr 0o b b b i Jr b o Je o dp o dr o dr b dr dh dp o dr dr dr dp dp dp dp dp dr dr dr dr dp
b Jr dr Jdr dr dr dr dr dr Jr dr dr e e dr dr 0 dr & dr O 0r dr O B dr O w Ju oF dp Jr dp o dr ok oF Jr dr & ir Jdr dp Jp dp Jr dr J0r ir dr i Jr i
" roa . P . . A A e e e e e e e e e e el ke e ke r.r.r.r.r.r.r.r.r.r.r.-..-..........._ .-_.-..-......................................4.-..-_.....-..-......................-.....#####}.####k&#&##k&#&}.#k}.
. -
" ) LT * dr dr dr dr dr dr dr Jr Jr dr e dr dr dr dr dr dr dr dr 0r dr & Jr dr dr Jr Jr Jr i o Jr o dp dp dp i oF iy dr @k dp oF dp dp dr dr ir ir dp dp dp iy ip .-._

L ]
.
B
.

F3

XX

F3

F3

F3

r

a

L

r

r

i

F3

L]
w'n'a
1]
.
.
Fy

L
*x
r

¥

r

r

v

L

¥

F

n
Ll
L]

X X
Fy

E o
X
x
]
r
¥
r
r
¥

F

]

X X

)
XX

F

i
o
n

X XX
sty

)

Eal s
XX
¥

'
F i kb N A
..r.r.r......_.__n.qu._.
&

- . . - . dr dr dr O Jr Jr O Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr Jr O o Jpr Jp b O dp dp dp Je dp i o dp dp dp dp dp o dp i op dp o dp dp o dp i ; 3 ) ¢ off]
il L fll.ﬂ....r.r._..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r....4.._..._..._..._..._......_....._..._..._..._..._......_......_..___.._..._..._..._..._. i

I I R N O I L I i U L U U U O ) - [ R R N Y
L . .r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.....r.....-_r.-.........}.}.}#}.#i}.}.}.}.}.}.}.}.i}.i}.}.}.
' . dr dr dr dr dr dr dr Jr Jr dr e e dr dr dr dr dr dr O 0r 0r Or Jr Jr dr Jr e b g b iy Jr dp Jp dp o oF Jroa Jdr o dp dp Jr dr Jdr ir dr dp ok dp oF dr Jr
" - . . drodr Br b dr Br e dr dr Jr e Or o Jr Jr O Jr Jr Or 0 0r Or e 0 Or Or Je O Jr g O dp o dp ddp dp O dp i dp e e ol dp dp o dp dp dp dr de o dp ok

. P b b b b o e b b dr b do be o de e b b de b b e b b dr b e b b Jn B dr Jr o dr ko dr dp ok Jr dr ok dp Jp dhodr Jr dr dr dr o dr dp o

. raa - .r..1.r.r.r..1.r..1.r.r.r..1.r..1.r.r.r.r.r..1.r.r.r.r.r._1.r.r.r.r.r._1.r.r.r..1.r._1.r.r.r..1.r..1.r.r.r.t.r.v.r.r.r.t........-_l.-..-.......................... .._..-..-_.....-..._..._......._.............._.....n................-_l.................................}.....-_... .-l

. -
. e T .n.“l’....r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rt.-.}.......}....th......}.......}..-.....__..._..-......_..._..._...... L]
S

.l
r
L]
‘-
ey

J odr X d k d ko d k od k ok od ok % -

dr b dr b b B W o W W W A
. . .r.t.r.T.r.t.r.t.r.T.r.t.f... T S i i i i ill.l.}.b.}.b.}.b.}.#}#l.l.}.}i...}.b.}.b.}.b.}.b.}.b.}.b.}.l##}.b.}.l.}.lll.}.b.}.#i.#
. ok b A b e e e e e T Tl B e e e e e e i S i
S . Py o o O o o ol
. e N N N M e A N R e )
[ B B N N R e I )
4 .T.T.T.T.T.T.T.T.T.T.T.T.'H b.'.T.T.T.T.T.r' dr o dr dr b b dr b b A b b A S 0 .I.a."l.l.l.J.l.b.l.}.l.b.*}.l.l.l.}.l.b.l.}.l.b.l.}.l.#}. bb.l.}.l.b.l.}.l.b.l.}.l.b.lb.l.b.l.}.
L o I oo oa g g iy iy gy
o T o N N T T o o e o o e e
A a tktrtvt....“t_.- L e o T I I ol I o e i o i
N ) T .r.r._,.r.r.r.r.r._.t.r.r._1..,.r.r.r.r.rt.____..._,......._q...4###############;.;'“-1:;11#
-
)

.
X
)
X
X
)
X
|r
F)
X
X
)
F)
.

. & S b dr O b Jr & b Jr b dr Jr dr dr O - Jdr i dp dp iy e dp e e dp e e ok
" cﬂ.lm.f.r.r.rtr....q...k. h1....I-_n.__._1_._ T e e o e oo N R NNt ot
L

-
F o &

" At N T e N N e et PP et N Nt N e A N N NN L A NN N

e e e N N N N

N e e A N e e N e A S

W i e e e e e W e e e e e e e e e e e B e e e e e e e e e e e e e e e e e e e e e e e e

un...;t...t...tn.rtt.r.rh.r-..rttt.r.r.r.r.r'.r...t.q...#*........_............#*............#..................”

I Jrodrodr e dr dr b o dr dr Jr dr O Jr 4r Or Jro i Jr e dp dp Jdr dp Jdp e Jdp dp Jdr dp Jp e Jp
.._.r._.”._.. > ”._. e e e e A e v v W -_H...H...H...H...H...H...H-.”...H...”... e e e e e
t”.r.r.r.r.r.r.r.r.r.r.r......r.r.r.r.r.rt .............}4.........................................1".-1

o
L)

-

A kb ]

l-. ...l.:.l.....-.l......t.r.v.r.r.r.rl.k.r Py .ri.nl.._n.-

PR ) .r....r.._..r.r.r.r.r.v......_..__.r.._.T.__.r.r.._..._.T.__.r.. - .-1
.._.._.....r.-_l..r.._.....l.r.__.r.r.r.._.r.........._.._in

e ar i i i e e

H.qH.erH..H...H&H&H..H&H&. .q.rH.f....q& o
b b b ko o o i

T e

.r.r.r.r.r.r.r.r.rl..r.r“.r.r.r.-_..........-.l..f.r#####

B o bk b b b dr dr do de de Je g Jr A O B Jp Jp Jr dr X Ju f dp dp a dp dp x
kb bk b b kb b N ¥ ok '
a k¥ .t............r b U dr b b ke i & .-..-.....##k#.-&.##k}.##l.}.k}.il:.##}.}.}.# o Y ' l‘..
e R e e e e e e A Rk ke e R i W N A X X X Bt
..1.r..1.r.r.r.r.r.-......._..r..1.r..1.r.r.r..1.r..1.r....r.r.r....r....rl.-.....-_l.................-_......#...... R Sl S, & B A odp A .r.....r.............r Jrde Jpodp b b Jro& b &k Jr b & Jr i & Jp ' .-__..
b M ke kR d b e de b de g dr dr Jr @ b dr B i Ak &M R gk drd b b & d ko PR N '
Jod b d de e S O Jr do e de Je Je dp A O dp Jp Jp drodp O dp ar N r o o g drdp dr dp dpode b b b dp dr dr Jp B b & b & i & & dp & M ..-__.
N e . N N MM N A AR R e i ey e e e e e e Rk b e b e e e b e B e b L
. e dr bk WU dedy d e de [ drdy dp dr dr b dp dp b dp @k kU R i dp e B e iy &
Jod b b de dr dr F Jr Je Je de de dp A O B Jp it dp dr B Jp W u h J ol kb S Jp B de o de de b Jrodr Jr Jp dp b b & & Jr & & Jroh & Jn e dr dr dp dp dp dp Jr o dr 0 - ..-__.
A R e e ke kR e ke w ke Kk AR X A .._q.__...1.._...1.__...,..1.._...1.r..........-.r....._1.r..1.._..._..............1......1.............1..?.._.__.._..,.__.__......_...1.._..__.__.....__..1.._..__.__...”-__-_._...q....._......_.............._....._q............_......_..........1 A .-_,.
Y P P dp dp dp by o i dr & aor '
R ol B N N M M NN R N A N T A N At e A s W . Y &
.i..n .t-.r.r.t.r.v.r.r.r.r.r.v.r.r.r....r.-..-.....r .r....r.....r....r....-_.-....................-_.....-_l-..... .__.._.__.._.........-__-_..1......1l r.....r.t.r....... r.......r.v.-_l.rt.......t.-..r...........-..r.__..1.._..1.._.._.._..1.........._.!.._.._......_..__..1.__..1 A #4###}.##4##}.#####}.#####}. ] .__.._.__.........._.._.._.._.._.._.._.._.._.._..1 u .-....- r .-__..
a2 aaa - k
- i B N N S N N L A S L EFE L LI N N .r.-..i}.l......__.-..........l.....r}.}......-...rl..__.r.__b.i.fb}.bb..l‘l.}.}.}.}.j.}.}.l.}.}.}.fl‘llb.__.__.....__.__.__.__.r. L '
B & b a b b dr dr dr de de de B 0r dr 0 O B dp Jr Jr ir X % 4 & e m b b b & & J oy b dr o dr dr oo Jrodp h drodr b dr dr Jp dp b b b & b ok & Jrode b Jr W & J dp Jr dp dr dr Jr ir 4 i 4 RN NN - ..-‘.
Jod Jp b Jroa U Jr do Je Je Je b N dr dp Jp Jp o Jr dr B i dr W 4k Jpdr b bk &k k Jp W dp ol b dr A Jp Jp Jrodp Jr ok Jr Jr B dr Jp b A O & dp & e Jp b & W i Jrodr Jr o O dp i dp dp i Jr PR R R Ak sk F) '
a2 ke kb a h bk b b B oJ dr droir i K W & j bk b bk k h h Jp Bl b bl d o ey o i o i o dr dpoie h h Ak Jrodr k § e kN o d d Jroir Jr o drdr o dr b b B dr bk & K & PN - ; " 1.-1
2 s a s A A N N N kb oa kb b B & b ik kA Bk Jr ok Jpode b b & &k bk M B d o dp o o dr J o m e e % dodp k& k Ak Jpode h drode & dp B p dp dp dp o dp dr & dp dp dp iy FOR R g P - »r '
- Jod d b b drom b Jo Je Je deode & dr dp B Jp o dr Jrodr B Jp Lk o dr h bk k k k ok kA drdre de de de Jp Jrodp Jp Ju B gk dr M & & & k& Jr b & J & 4 Jp B Jrodp Jr dr & dr dp o Jp Jr M Jr x 2k k PN - 3 - h 1.-__.
b U ke b de b doom de de o dp dr @ i dr i Bk B A R R M N E A R R N i dr b ek i dr i o i iy e dp B B dr dr Jr i de dp e i dp dp il Bk kM PR L) '
Jrode dr de de dr dr e m B e de dr O & O & Jr dr Jroir X M Ak kb dl g de de de de Jr i dr dp 0 ar W 0 & tl.I..............-..._..................... B oa kg dra kg &K PN = Al EN] 1.-‘.
e i S Al A 1 2 ar e b b dr d ki kol B X N III N A A A N T A i 2 e » [ '
X Y b b M I » I W dp Jrodp dr dr Jrodp dp o dr o dr B b b de &k & b dr b & Y i a'h r
“ nHk”k”k”t”k”k”t”k”k”k”kﬂk.”...“..T.”....H...”.-.HI.H...H...H.-_H}.H!H . .._.-_-......_.._.r.._. .-....Til......................._.._.._...-.-....”.-.”....r....rl..r.r......l..r”.-.”.-_.... “.r.r...”.v.r......n”.-.”.._.__nl.-......rt......_.v.._.._t....._.._.__.._ill. ....########4####44###&###."‘.- .._.........__..1.._..1.........._.-......_.._.r......_.._.._.__.._.__.._.._.._.._.._.._.._.._.v......_ .t n”_..q 1“.
- o,
ok bk b b b b b b e e by rodroa b o ot i b B & I WLk kodph b gk h hh ot d b Skt ks Wi Wb b otk Ak ek koo k) A kg i e e e b L e b b e bk b e b bk kLR ke P A '
o de dr de de dr dr Jr dr dr de de dr dr o b Jp ok Jr Jroir B By &k Nk ok ko Ak h e b dr o dr e B dr e U fF B @ b dp F b x kb ok h J b & W dr dr i Jr o dr i & b Jr dr N RN A N Y I [] ..-‘.
.l- b i d d d de de b O Jr do Jp Jp dr dr Jr o W o dp B i o X e & & kWi b b b dr b M dr dr droin B B A dp de b & B X o & Jpode b & dp dp dp dy & dr dp o dp dp dp PR g - b & k& - L
¥k b kb ke kb b b o o bk kb b x bk i b odr X K iy 2 & B b g i dr b b b b drodp dpdr oo b B b O dr bk ko b bk b b & Jp g dr drodr Jr & dr dr dp dr & & N N T O N N N N . Y - r
.inn a b b de dr dr dr dr de de de 0e 0e B 0 O O Jp dp a @ & X i I X B B @ dr dr dr dr Jr Jr g ir B B & B o o Jr o b 0k & Jr o dr i dr b dr g B dp dp dp dp oF dr Jr & i dp i iy NN NN « Ak Ak ok ar N
. - Jod d dr de de dr dr Jr do e Je b fr b A O Jp Jp a4 dp Y 2 Bk kb dpdp ko B b de b b dr dp o b B de O dr Jr dp Jr ko dp b b & m Ak Jr W W dr g dp dp dp dp Jr o dr dr dr dp gk & dr & & Jr k& k &k & & U & dr k& ¥ = 2 a a . ] '
) I ¥ PR [] L ik b b b b bk kb kb PN 0 '
e un..._-..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-_.r....r....r....r........-.........._......_..r oy X . .._.._lI..__.._.__ .............-t.-.:..-......r...... e ......._t.-..r.....-. .r.-.t_-_.._.....r....-..._..-..-..._ 2 a x aa s - ....1.-...__1. ########44####44#####&#.”"- x ......_..__ x ......_..__ NN - 2 a a oy ] D)
3 ....-..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r......_......r.....r....r....._l....... A .-_......1 I .rl....ll .-.l.-_... .-.:..r....l.-..r.r.._..r.-_......_ * r.........tl........r....r....-.....r...t.-_:.....-.l...r 2t .r.....r.._ ratat .!.-. - 11................}..-.4}.......}..-.......4...}............. o ....... it ......_ ettt .........__ at X .r.-.l v o watatat l.-..._ N
- - r X b ohp b h bk Mk & A g d b b &k kM ko A d g " on Fr » '
e i i e ) .-..I‘.I...J.... dr dp & i a a g Py .r......_.._.-_:..__.._.._.-..._.4.._....:..-..r.r.r.....-.t.............rr.....r.............r .r.....-. .....-......-_ P i b & & .-l. r:.........n###4##4##}.##4#######” e Py PR - . ] 2k h ko r
“"n e e e .r.................... ”.l....................-_........-_-..r.-_ il .__.t.r-..__.._.__.__.._.__.r .-.!.._.__.-_t.__.__.._.__.._.r.r.-_t.-..t.r.._.r.-......r.....v......_..rt...........r....t.....-.....r.-.t -..__.._.r.._.._.._......_.__.._.._.._.r.....r.__.._ ll. }.}.l......}......l..-.......l.}.}..-.}.}....}....}..r}. '] .._.r.._......._r.._.__.........._.r.._.__.__.._.__.__.._.__.._.._.._.__....__.t......_.__.._.__.-_.r R Lt Attt 'y
- e n ]
- e N A D N e NN N W 2 o b ko h b & Jr Nk W & i o Jr o b b dr i b Jp o it k& A e & d 4 b & A dr o dp o ar A W i dp dp oy S T N R N N e = o R N N NN e T L
R o g S e b dp b b b dr gl o b o dp b oa bk kA F b b bk ox Bdpd ko bk ki kLA PN dr b b b & & b & k b k X NN Y . . ir i r
1 L ] I I I a & NN N RN N I K X aadkrarunru B
.innnn - .r.r..1.r..1.r.r.r.r.r..1.r.r.r.v.r.v.r.r.rt.r.v“.....".‘“l..r....r....fl........r... .-_ 1 ”....“.-_”.__“l”.r”.-.”t”.r”.r“.-.”.r”.r”#”#”.—.”._ .__.r.-..__.._.r.._.r.._”l_i... Py I‘......”...H...H.-.H.......l”.-.} 1”....”....”....... -, ¥ LN 3 ettt ......_..__ s .-..-_ T a " i S i i e 2y e w ot
ar ok i i & I L " A
3 i LR PR N - r
ol o e T e T .

& ok * h b b & b kP & & & N W odr Jp dp dp O dr Jdr ok drodp b )
: 1.r._._.q....q_-_.__.__r:..r.__..r..._-.._......-.__.r.r.r...r..r.....!i....q...#........_...............l- *
R R N N s e
N e R e L N N N
et A I N N o E e e
o S A N e e N e
L N el N NN N .
e o i w a

Lk b b b odr b dpodp b boa N RN ]
rdr de e e @ b 0 dr dr b oa A Rk d e kb s
a .__.._.__.r.-..-.!.r.r.ri.__._-.r.r.r.r.r.-_.................r........................ I
n.l.-..._n.-_.._..r.r.rn._.r.._..r.....r

L)
L)
]
[
[
]
L)
[

 J
L)
[
)

e

o

L,y

RN

L]

L]

L]

L]
Ll

L]

Ll
.l.l. I'.l
Ll

orodr X ek ke ke k ik ok kL

LT
22"2"a"s
IR




US 2022/0327748 Al

DETERMINING A CHANGE IN POSITION
OF DISPLAYED DIGITAL CONTENT IN
SUBSEQUENT FRAMES VIA GRAPHICS

PROCESSING CIRCUITRY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims prionty to U.S.
Provisional Application No. 63/172,640, filed Apr. 8, 2021,
and U.S. Provisional Application No. 63/182,391, filed Apr.
30, 2021, the entire content of each of which 1s incorporated
by reference herein in 1ts entirety for all purposes.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to generating a vir-
tual display object, wherein a portion of the virtual display
object may be within a viewable display area.

DESCRIPTION OF THE RELATED ART

[0003] Displayed data has traditionally been presented
within the bounds of a two-dimensional geometric screen.
The visual experience of such displayed data 1s thus lacking
in dynamism that allows for the layering of functionality
within a given display frame.

[0004] The foregoing description 1s for the purpose of
generally presenting the context of the disclosure. Work of
the inventors, to the extent 1t 1s described 1n this background
section, as well as aspects of the description which may not
otherwise qualily as prior art at the time of filing, are neither
expressly or impliedly admitted as prior art against the
present disclosure.

SUMMARY

[0005] The present disclosure relates to an apparatus,
including: processing circuitry, including a graphics pro-
cessing unit (GPU), configured to access a frame bufler of
the GPU, analyze, in the frame builer of the GPU, a first
frame representing a first section of a stream of displayed
data that 1s being displayed by the apparatus, the first frame
including secondary digital content, analyze, in the frame
bufler of the GPU, a second frame representing a second
section of the stream of the displayed data that 1s being
displayed by the apparatus, the second frame including the
secondary digital content, determine a change in a position
of the secondary digital content from the first frame to the
second frame based on a comparison between the first frame
and the second frame of the displayed data, and overlay the
secondary digital content 1n the second frame of the dis-
played data based on the determined change 1n the position
of the secondary digital content.

[0006] The present disclosure also relates to a method,
including: accessing a frame bufler of a graphics processing
unit (GPU), analyzing, 1n the frame bufler of the GPU, a first
frame representing a first section of a stream of displayed
data that 1s being displayed by the apparatus, the first frame
including secondary digital content, analyzing, in the frame
bufler of the GPU, a second frame representing a second
section of the stream of the displayed data that 1s being
displayed by the apparatus, the second frame including the
secondary digital content, determining a change 1n a position
of the secondary digital content from the first frame to the
second frame based on a comparison between the first frame
and the second frame of the displayed data, and overlaying
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the secondary digital content in the second frame of the
displayed data based on the determined change in the
position of the secondary digital content.

[0007] The present disclosure also relates to a non-transi-
tory computer-readable storage medium for storing com-
puter-readable instructions that, when executed by a com-
puter, cause the computer to perform a method, the method
including: accessing a frame builer of a graphics processing
unmt (GPU), analyzing, 1n the frame bufler of the GPU, a first
frame representing a first section of a stream of displayed
data that 1s being displayed by the apparatus, the first frame
including secondary digital content, analyzing, in the frame
bufler of the GPU, a second frame representing a second
section of the stream of the displayed data that 1s being
displayed by the apparatus, the second frame including the
secondary digital content, determining a change 1n a position
of the secondary digital content from the first frame to the
second frame based on a comparison between the first frame
and the second frame of the displayed data, and overlaying
the secondary digital content in the second frame of the
displayed data based on the determined change in the
position of the secondary digital content.

[0008] The foregoing paragraphs have been provided by
way of general introduction and are not intended to limait the
scope of the following claims. The described embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the disclosure and
many of the attendant advantages therecof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:
[0010] FIG. 1 1s a schematic view of user devices com-
municatively connected to a server, according to an exem-
plary embodiment of the present disclosure.

[0011] FIG. 2A 1s a flow chart for a method of generating
a reference patch and embedding the reference patch into
displayed data, according to an exemplary embodiment of
the present disclosure.

[0012] FIG. 2B 1s a flow chart of a sub-method of gener-
ating the reference patch, according to an exemplary
embodiment of the present disclosure.

[0013] FIG. 2C 1s a flow chart of a sub-method of asso-
ciating the surface area with digital content, according to an
exemplary embodiment of the present disclosure.

[0014] FIG. 2D 1s a flow chart of a sub-method of inte-
grating the reference patch into the displayed data, according
to an exemplary embodiment of the present disclosure.
[0015] FIG. 3A 1s a flow chart for a method of 1mnspecting
the reference patch, according to an exemplary embodiment
of the present disclosure.

[0016] FIG. 3B 1s a flow chart of a sub-method of 1den-
tifying the reference patch with unique identifiers corre-
sponding to the surface areca from the stream of data,
according to an exemplary embodiment of the present
disclosure.

[0017] FIG. 3C 1s a flow chart of a sub-method of asso-
ciating the unique i1dentifiers with digital content, according
to an exemplary embodiment of the present disclosure.
[0018] FIG. 4A 1s a tlow chart for a method of 1dentifying

the reference patch included in the displayed data and
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overlaying the digital content into displayed data, according
to an exemplary embodiment of the present disclosure.
[0019] FIG. 4B 1s a flow chart of a sub-method of 1den-
tifying the reference patch with the unique identifiers cor-
responding to the surface area from the stream of data,
according to an exemplary embodiment of the present
disclosure.

[0020] FIG. 4C 1s a flow chart of a sub-method of asso-
ciating the unique 1dentifiers with digital content, according
to an exemplary embodiment of the present disclosure.
[0021] FIG. 5A 1s an 1llustration of a viewable area of a
display, according to an exemplary embodiment of the
present disclosure.

[0022] FIG. 5B 1s an illustration of a reference patch
within a viewable area of the display, according to an
exemplary embodiment of the present disclosure.

[0023] FIG. 5C 1s an 1illustration of secondary digital
content within a viewable area of the display, according to
an exemplary embodiment of the present disclosure.
[0024] FIG. 5D 1s an illustration of secondary digital
content within a viewable area of the display, according to
an exemplary embodiment of the present disclosure.
[0025] FIG. SE 1s an 1illustration of a lack of secondary
digital content within a viewable area of the display, accord-
ing to an exemplary embodiment of the present disclosure.
[0026] FIG. 6A 1s a tlow diagram of a method, according
to an exemplary embodiment of the present disclosure.
[0027] FIG. 6B i1s a tlow diagram of a method, according
to an exemplary embodiment of the present disclosure.
[0028] FIG. 7 1s a flow diagram of a method, according to
an exemplary embodiment of the present disclosure.
[0029] FIG. 8A 1s a tlow diagram of a method, according
to an exemplary embodiment of the present disclosure.
[0030] FIG. 8B 1s a tlow diagram of a method, according
to an exemplary embodiment of the present disclosure.
[0031] FIG. 9 1s an illustration of a virtual display, accord-
ing to an exemplary embodiment of the present disclosure.
[0032] FIG. 10 1s a block diagram illustrating an exem-
plary electronic user device, according to certain embodi-
ments ol the present disclosure.

[0033] FIG. 11 1s a schematic of a hardware system for
performing a method, according to an exemplary embodi-
ment of the present disclosure.

[0034] FIG. 12 1s a schematic of a hardware configuration
of a device for performing a method, according to an
exemplary embodiment of the present disclosure.

[0035] FIG. 13 1s an example of Transparent Computing.
DETAILED DESCRIPTION
[0036] The terms “a” or “an”, as used herein, are defined

as one or more than one. The term “plurality”, as used
herein, 1s defined as two or more than two. The term
“another”, as used herein, 1s defined as at least a second or
more. The terms “including” and/or “having”, as used
herein, are defined as comprising (1.e., open language).
Reference throughout this document to “one embodiment”,
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“certain embodiments”, “an embodiment”, “an 1mplemen-
tation”, “an example” or similar terms means that a particu-
lar feature, structure, or characteristic described in connec-
tion with the embodiment 1s included in at least one
embodiment of the present disclosure. Thus, the appearances
ol such phrases or in various places throughout this speci-
fication are not necessarily all referring to the same embodi-

ment. Furthermore, the particular features, structures, or
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characteristics may be combined 1n any suitable manner 1n
one or more embodiments without limitation.

[0037] The present disclosure provides methods for gen-
erating augmented visual experiences that are informative
and interactive. According to an embodiment, the present
disclosure relates to augmentation of a digital user experi-
ence. The augmentation may include an overlaying of digital
objects onto a viewable display area of a display of an
clectronic device. The electronic device may be a mobile
device such as a smartphone, tablet, and the like, a desktop
computer, or any other electronic device that displays infor-
mation. The digital objects may include text, images, videos,
and other graphical elements, among others. The digital
objects may be interactive. The digital objects may be
associated with third-party software vendors.

[0038] In order to realize the augmentation of a digital
user experience, a reference patch, that 1s a region of interest
acting as an anchor, can be used. In one embodiment, the
reference patch or other visually detectable element may
serve to indicate a position at which digital content 1s to be
placed onto a display. In some embodiments and as
described herein, the reference patch may include encoded
information that may be used to retrieve digital content and
place that digital content into a desired location or locations
in displayed data. The reference patch can be embedded
within displayed data (such as, but not limited to, an image,
a video, a document, a webpage, or any other application
that may be displayed by an electronic device). The refer-
ence patch can include unique identifying data, a marker, or
encoding corresponding to predetermined digital content.
The reference patch can indicate to the electronic device the
particular content that 1s to be displayed, the position at
which the content 1s to be placed, and the si1ze with which the
content 1s to be displayed. Accordingly, when a portion of
the displayed data including the reference patch 1s visible in
a current frame of displayed data, the corresponding aug-
mentation can be overlaid on the current frame of the
displayed data wherein the augmentation includes secondary
digital content (i.e., content that 1s secondary to (or comes
after) the primary displayed data), herein referred to as
“digital content,” and/or digital objects. For example, an
augmentation can include additional 1images to be displayed
with the current frame of displayed data for a seamless
visual experience.

[0039] The above-described augmentations are particu-
larly relevant to environments where the underlying content
1s static. Static content may include textual documents or
slide decks. Often, the static content 1s stored locally 1n the
electronic device. Due to its nature, the static content 1s not
capable of being dynamically adjusted according to complex
user interactions, 1n real-time, during a user experience.
Such a digital user experience 1s cumbersome and 1nefli-
cient. Thus, a heightened, augmented user experience 1is
desired to provide increased convenience, engagement, and
agility. The augmentations described herein reduce cum-
brousness by providing a visual representation/aid of
retrieved external digital content, and provide improved
engagement ol the user, agility of navigation through the
displayed data, and overall performance of the user device.

[0040] Described herein 1s a device and method to 1ncor-
porate a reference patch with encoded 1dentifier attributes,
where the reference patch serves as a conduit for delivering,
content into the displayed data.
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[0041] Referring now to the figures, FIG. 1 1s a schematic
view ol an electronic device, such as a client/user device (a
first device 701) communicatively connected, via a network
851, to a second electronic device, such as a server (a second
device 850), and a generating device 1001, according to an
embodiment of the present disclosure. Further, in an
embodiment, additional client/user devices can be commu-
nicatively connected to both the first device 701 and the
second device 850. A second client/user device (a third
device 702) can be communicatively connected to the first
device 701 and the second device 850. As shown, a plurality
ol the client/user devices can be communicatively connected
to, for example, an Nth user device 70z.

[0042] An application may be installed or accessible on
the first device 701 for executing the methods described
herein. The application may also be integrated into the
operating system (OS) of the first device 701. The {irst
device 701 can be any electronic device such as, but not
limited to, a personal computer, a tablet pc, a smart-phone,
a smart-watch, an mtegrated AR/VR (Augmented Reality/
Virtual Reality) headwear with the necessary computing and
computer vision components installed (e.g., a central pro-
cessing unit (CPU), a graphics processing unit (GPU),
integrated graphics on the CPU, etc.), a smart-television, an
interactive screen, a smart projector or a projected platform,
an IoT (Internet of things) device or the like.

[0043] As illustrated 1n FIG. 1, the first device 701
includes a CPU, a GPU, a main memory, and a frame bufler,
among other components (discussed 1n more detail 1n FIGS.
10-12). In an embodiment, the first device 701 can call
graphics that are displayed on a display. The graphics of the
first device 701 can be processed by the GPU and rendered
in scenes stored on the frame bufler that 1s coupled to the
display. In an embodiment, the first device 701 can run
soltware applications or programs that are displayed on a
display. In order for the software applications to be executed
by the CPU, they can be loaded into the main memory,
which can be faster than a secondary storage, such as a hard
disk drive or a solid state drive, in terms of access time. The
main memory can be, for example, random access memory
(RAM) and is physical memory that is the primary internal
memory for the first device 701. The CPU can have an
associated CPU memory and the GPU can have an associ-
ated video or GPU memory. The frame bufler may be an
allocated area of the video memory. The GPU can display
the displayed data pertaining to the software applications. It
can be understood that the CPU may have multiple cores or
may 1tsell be one of multiple processing cores 1n the first
device 701. The CPU can execute commands mm a CPU
programming language such as C++. The GPU can execute
commands in a GPU programming language such as HL.SL.
The GPU may also include multiple cores that are special-
ized for graphic processing tasks. Although the above
description was discussed with respect to the first device
701, 1t 1s to be understood that the same description applies
to the other devices (701, 702, 70n, and 1001) of FIG. 1.
Although not 1llustrated in FIG. 1, the second device 850 can
also mclude a CPU, GPU, main memory, and frame bufler.

[0044] FIG. 2A 1s a flow chart for a method 200 of
generating a reference patch and embedding the reference
patch into displayed data, according to an embodiment of the
present disclosure. The present disclosure describes genera-
tion of the reference patch and embedding of this patch nto
the displayed data content 1n order to integrate additional
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content on the first device 701. In an embodiment, the first
device 701 can incorporate digital content into what 1s
already being displayed (displayed data) for a more immer-
SIVE experience.

[0045] In this regard, the first device 701 can generate the
reference patch in step 205. The reference patch can be an
object having an area and shape that i1s embedded in the
displayed data at a predetermined location 1n the displayed
data. For example, the reference patch can be a square
overlayed and disposed 1n a corner of a digital document (an
example of displayed data), wherein the reference patch can
be fixed to a predetermined page for a multi-page (or
multi-slide) digital document. The reference patch can thus
also represent a region of interest in the digital document.
The reference patch can be an object that, when not 1n a field
of view of the user, 1s mactive. The reference patch can,
upon entering the field of view of the user, become active.
For example, the reference patch can become active when
detected by the first device 701 in the displayed data. When
active, the reference patch can retrieve digital content and
augment the displayed data by incorporating the retrieved
digital content into the displayed data. Alternatively, the
reference patch can become active when being initially
located within the frame of the screen outputting the dis-
played data. For example, even if another window or popup
1s placed over top of the reference patch, the reference patch
may continue to be active so long as the reference patch
remains 1n the same location after detection and the window
including the document incorporating the reference patch 1s
not minimized or closed. As will be described further below,
the reference patch can have a predetermined design that can
be read by the first device 701, leading to the retrieval and
displaying of the digital content.

[0046] In an embodiment, the first device 701 can use a
geometrical shape for the reference patch for placement into
any displayed data using applications executed 1n the first
device 701. The reference patch can take any shape such as
a circle, square, rectangle or any arbitrary shape. In step 210,
the reference patch can also have predetermined areas within
its shape for including predetermined data. The predeter-
mined data can be, for example, unique i1dentifiers that
correspond to a surface area of the displayed data. The
unmique identifiers can be, for example, a marker. As will be
described below, the marker can take the form of patterns,
shapes, pixel arrangements, pixel luma, and pixel chroma,
among others. The surface area, by way of the unique
identifiers, can be associated with predetermined digital
content that 1s recalled and displayed at the corresponding
surface area 1n the displayed data. The umique identifier can
include encoded data that identifies the digital content, a
location address of the digital content at the second device
850 (see description below), a screen position within the
surface area at which the digital content 1s insertable 1n the
displayed data, and a size of the digital content when
inserted in the displayed data (adjustable before being
displayed).

[0047] That 1s, 1n an embodiment, the surface area (or an
available area 1n which digital content i1s insertable/to be
iserted) of the displayed data can be portion(s) of the
displayed data that do not include objects that might obscure
the reference patch or the digital content displayed at the
corresponding surface area in the displayed data. For
example, the first device 701 can use computer vision
(described below) to detect the objects. For example, the
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first device 701 can inspect an array to determine locations
of the objects. For example, a slide 1n a shide deck can
include text, pictures, logos, and other media, and the
surface area can be the blank space or spaces around the
aforementioned objects. Thus, the digital content can be
displayed somewhere in the blank spaces. In an embodi-
ment, the surface area of the displayed data can include
portions of the displayed data that already include objects
and the digital content can be displayed at the same location
as the objects. For example, a slide in a slide deck can
include a picture of a user, and the reference patch can be the
area representing a face of the user and the digital content
can be displayed at the same location as a body of the user.
For example, a slide 1n a slide deck can include an 1image of
a vehicle and the reference patch can be disposed in a blank
space of the displayed data, while the digital content
retrieved (e.g., a new car paint color and new rims) can be
displayed over the image of the vehicle. In other words, the
digital content may be placed in a blank area of the displayed
data and/or 1n an area that 1s not blank (1.e., an area that
includes text, image(s), video(s), etc.).

[0048] In step 215, the first device 701 can embed the
reference patch into the displayed data, such as a word
processing document file (1.e., DOC/DOCX) provided by
e.g., Microsoft® Word, in a Portable Document Format
(PDF) file such as the ones used by Adobe Acrobat®, 1n a
Microsoft® PowerPoint presentation (PPT/PPTX), or 1n a
video sequence file such as MPEG, MOV, AVI or the like.
These file formats are 1llustrative of some file types which a
user may be familiar with; however, applications included in
the first device 701 are not limited to these types and other
applications and their associated file types are possible.

[0049] The reterence patch (or similar element) can be
embedded 1nto any displayed data, where the displayed data
may be generated by an application running on or being
executed by the first device 701. The reference patch can
encompass the whole area designated by the displayed data,
or just a portion of the area designated by the displayed data.
The method of generating the reference patch and embed-
ding the reference patch into the displayed data has been
described as being performed by the first device 701, how-
ever, the second device 850 can instead perform the same
functions. In order to be detected in the displayed data on the
first device 701, the reference patch may only be simply
displayed as an image on the screen. The reference patch
may also simply be a raster image or in the background of
an 1mage. The reference patch 1s also able to be read even
when the 1mage containing the reference patch 1s low
resolution. Because the reference patch 1s encoded 1n a hardy
and enduring manner such that even 1f a portion of the
reference patch 1s corrupted or undecipherable, the reference
patch can still be activated and used.

[0050] In an embodiment, the reference patch can be
embedded 1nside of a body of an email correspondence. The
user can use any electronic mail application such as
Microsoft Outlook®, Gmail®, Yahoo®, etcetera. As the
application 1s runming on the first device 701, 1t allows the
user to interact with other applications. In an embodiment,
the reference patch can be embedded on a video streaming
or two-way communication interface such as a Skype®
video call or a Zoom® video call, among others. In an
embodiment, the reference patch can be embedded 1n dis-
played data for multi-party communication on a live stream-
ing interface such as Twitch®.
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[0051] One way 1n which the first device 701 may embed
the reference patch into the displayed data 1s by arranging
the generated reference patch 1n the displayed data such as
in a desired document or other media. The reference patch
may include a facade of the digital content which becomes
an ntegrated part of the displayed data. The facade can act
as a visual preview to inform the user of the digital content
linked to the reference patch. The facade can include, for
example, a screenshot of a video to be played, a logo, an
anmimation, or an image thumbnail, among others. The facade
can be a design overlay. The design overlay can be a picture
that represents the underlying digital content superimposed
over the reference patch. In an embodiment, the facade can
indicate the content that 1s represented by the reference
patch. The facade can be contained within the shape of the
reference patch or have a dynamic size. For example,
attention of the user can be brought to the facade by
adjusting the size of the facade when the reference patch 1s
displayed on the display. The adjustment of the size of the
facade can also be dynamic, wherein the facade can enlarge
and shrink multiple times. By the same token, a position and
rotation of the facade can also be adjusted to produce a
shaking or spinning effect, for instance.

[0052] Unlike traditional means of sending displayed data,
the first device 701 may not send the whole digital content
with a header file (metadata) and a payload (data). Instead,
the reference patch that may include a facade of the under-
lying digital content 1s placed within the displayed data. If
a facade 1s used, 1t indicates to the first device 701 that the
surface area can have digital content that can be accessed
with selection (clicking with a mouse, touchpad, eye-gaze,
eye-blinks, or via voice-command) of the facade. The digital
content can also be accessed or activated automatically, e.g.,
when the user has the reference patch displayed on the
display of the first device 701. Other symbolic means of
visualization can be employed to indicate to the user that the
surface area 1s likely to include information for obtaining
digital content. For example, a highlighting eflfect can be
applied along a perimeter of the reference patch 1n a pul-
sating pattern of highlighting intensity to bring attention to
the presence of the reference patch. For example, a series of
spaced dashes surrounding the reference patch and oriented
perpendicular to the perimeter of the reference patch can
appear and disappear to provide a flashing effect. Other
means can be employed to indicate to the user that the
surface area 1s likely to include information for obtaining
digital content, such as an audio cue.

[0053] The first device 701 employs further processes
betore embedding the reference patch into the displayed
data. These processes and schemas are further discussed 1n

FIG. 2B.

[0054] FIG. 2B 1s a flow chart of a sub-method of gener-
ating the reference patch, according to an embodiment of the
present disclosure. The first device 701 can associate the
digital content with the surface area corresponding to the
reference patch (e.g., via the unique identifiers included
therein) generated by the first device 701. In an embodiment,
the surface area may encompass the whole of the displayed
data or a portion of it.

[0055] The reference patch, which includes the unique
identifiers corresponding to the surface area associated with
the digital content, 1s then embedded into the displayed data
by the first device 701. In some use cases, the displayed data
including the reference patch can be sent or transmitted to a
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second user having the third device 702 including the same
application, which then allows the second user to access
information within the surface area and obtain the digital
content and have 1t viewable on the third device 702. That
1s, the third device 702 can have the same displayed data
overlaid with the augmenting digital content on the surface
area of the display of the third device 702 1n the location or
locations defined by the reference patch.

[0056] In FIG. 2B, the generating device 1001 uses addi-

tional processes to eflectuate generation of the reference
patch which 1s obtained and embedded by the first device
701. In an embodiment, the generating device 1001 encodes
the reference patch with the unique identifiers corresponding
to the surface area 1n step 2054a. The generating device 1001
can mark areas of the reference patch in step 20556 to form
the marker that, either separately or in combination, define
or may be used to access the unique identifiers. The marker
can take the form of patterns, shapes, pixel arrangements, or
the like. In an example, the marker can have a shape that
corresponds to the shape of the surface area. In an example,
the marker can have a size that corresponds to the size of the
surface area. In an example, the marker can have a perimeter
that corresponds to the perimeter of the surface area. The
marker can use any feasible schema to provide 1dentifying
information that corresponds to the surface area within parts
of the displayed data. In an embodiment, the marker can
incorporate hidden watermarks that are only detectable by
the first device 701 and the third device 702, which have
detection functionality implemented therein, for example
having the application installed or the functionality built 1nto
the operating system.

[0057] The marker can incorporate patterns which can
then be extracted by the first device 701. In an example, the
first device 701 can perform the embedding, then send the
digital content having the embedded reference patch to the
third device 702. The encoding 1s performed by the gener-
ating device 1001 and may use any variety of encoding
technologies such as the ARUCO algorithm to encode the
reference patch by marking the reference patch with the
marker. The first device 701 may also be used as the
generating device 1001.

[0058] In an embodiment, the marker can be comprised of
a set of points, equidistant from each other and/or some
angle apart from a reference point, such as the center of the
reference patch or represent some other fiducial points. That
1s, the fiducial points corresponding to the marker can
provide a set of fixed coordinates or landmarks within the
digital content with which the surface area can be mapped
relative to the fiducial points. In an embodiment, the marker
can be comprised of a set of umique shapes, wherein prede-
termined combinations of the umique shapes can correspond
to a target surface area (or available area, or areas) for
displaying the displayed data. The predetermined combina-
tions of the unique shapes can also correspond to predeter-
mined digital content for displaying in the surface area. The
predetermined combinations of the umique shapes can also
correspond to/indicate a position/location where the digital
content should be displayed at the surface area relative to a
portion of the surface area. A combination of the set of points
and unique 1dentifiers can be used as well.

[0059] For example, the unique identifiers can be unique
shapes that correlate to predetermined digital content as well
as mdicating where the digital content should be overlayed
on the display (the screen position) relative to a set of points
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marked on the reference patch. The unique identifiers can
also 1indicate a size of the digital content to be overlayed on
the display, which can be adjustable based on the size of the
surface area (also adjustable) and/or the size of the display
of the first device 701. The unique identifiers can be rela-
tively mvisible or undetectable to the user, but readable by
the first device 701 and cover predetermined areas of the
reference patch. The unique identifiers, and by extension, the
marker, can have an appearance that 1s marginally different
from an appearance of the area of the reference patch. For
example, the area of the reference patch can appear white to
the user and the unique 1dentifiers can also appear white to
the user but may actually have a slightly darker pixel color
that can be detected and interpreted by a device, such as the
first device 701. For istance, the appearance of the unique
identifiers can be 0.75% darker than the white color of the
area of the reference patch. Such a small diflerence can be
identified and discerned by the first device 701 while being
substantially imperceptible to the user.

[0060] In an embodiment, the area of the reference patch
can be divided mto predetermined shapes, for instance a set
of squares, and within each square, the marker (such as a
“letter”’) can be included. For example, there can be 16
squares. Furthermore, subsets of the set of squares can be
designated to represent varying information, such as a
timestamp corresponding to 8 of the squares, a domain
corresponding to 5 of the squares, a version corresponding
to 1 of the squares, and additional information correspond-
ing to a remainder of the squares. An 1dentification based on
the set of squares can be, for example, an 18-character (or
“letter’”) hexadecimal. The set of squares can further include
additional subsets for a randomization factor, which can be
used for calculating a sha256 hash prior to encoding the
reference patch with the hash. Together, the set of squares
having the marker included therein can comprise the unique
identifiers.

[0061] Moreover, the generating device 1001 can also
employ chroma subsampling to mark attributes represented
by a particular pattern. In an embodiment, the generating
device 1001 can mark parts of the reference patch with
predetermined patterns of pixel luma and chroma manipu-
lation that represent a shape, a size, or a position of the
surface area for displaying the digital content. Moreover, the
generating device 1001 can mark a perimeter of the refer-
ence patch with a predetermined edging pattern of pixel
luma and chroma manipulation that represents a perimeter of
the surface area for displaying the digital content.

[0062] The generating device 1001 can further link the
surface area with unmique identifiers in step 205¢. The unique
identifiers can be hashed values (such as those described
above) that are generated by the generating device 1001
when the reference patch i1s generated (such as the one
having the area of the reference patch divided into the subset
ol squares).

[0063] FIG. 2C 1s a flow chart of a sub-method of asso-
ciating the surface area with digital content, according to an
embodiment of the present disclosure. In FIG. 2C, the
generating device 1001 uses additional processes to associ-
ate the surface area with digital content. In an embodiment,
the generating device 1001 can associate the unique 1denti-
fiers corresponding to the surface area with metadata. In step
210a, the unique 1dentifiers can be associated with metadata
embodying information about the storage and location of the
digital content. Moreover, in step 2105, the generating
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device 1001 can associate the umique identifier of the surface
area with metadata which embodies information about the
format and rendering information used for the digital con-
tent. In step 210¢, the generating device 1001 can associate
the unique i1dentifiers of the surface area with metadata
which embodies access control information of the digital
content.

[0064] Inan embodiment, the storage of the digital content
can be on a remote server, such as the second device 850,
and the location of the digital content can be the location
address of the memory upon which it 1s stored at the remote
server. The storage and location of the digital content are
thus linked with the metadata that can point to where the
digital content can later be obtamned from. The digital
content 1s not embedded into the displayed data. In an
embodiment, the format and rendering information about the
digital content 1s embodied in the metadata and associated
with the unique 1dentifiers. This information 1s helpful when
the first device 701 or the thuird device 702 are on the
receiving end of the transmaitted displayed data and need to
properly retrieve and process the digital content.

[0065] Moreover, 1n an embodiment, the access control of
the digital content can also be encompassed in the metadata
and associated with the unique 1dentifiers corresponding to
the surface area. The access control can be information
defining whether the digital content can be accessed by
certain individuals or within a certain geographical location.
The access control information can define restrictions such
as those placed upon time and date as to when and how long
the digital content can be accessed. The access control
information can define the type of display reserved for
access by the first device 701. For example, a user may wish
to restrict access to the digital content to certain types of
devices, such as smartphone or tablets. Thus, the metadata
defining a display requirement would encompass such an
access control parameter.

[0066] FIG. 2D 1s a flow chart of a sub-method of inte-
grating the reference patch into the displayed data, according
to an embodiment of the present disclosure. In FIG. 2D, the
generating device 1001 uses additional processes to eflec-
tuate integration of the reference patch into the displayed
data. In an embodiment, the first device 701 can temporarily
transier or store the reference patch 1n a storage of the first
device 701 1n step 215a. The storage can be accessed by the
first device 701 for embedding the reference patch into the
displayed data at any time. The first device 701 can extract
the reference patch from the storage for embedding purposes
in step 215b. The first device 701 can also arrange the
reference patch at a predetermined location and with a
predetermined reference patch size i step 215¢. The first
device 701 can further embed the reference patch such that
a document, for example, having the reference patch embed-
ded therein can be sent to a recipient, for example the second
user using the third device 702, where he/she can access the
document using the application on the third device 702 as
turther described below. Again, the features of the generat-
ing device 1001 can be performed by the first device 701.

[0067] The displayed data can be output from a streaming
application or a communication application with a data
stream having the reference patch embedded therein. The
actual digital content may not be sent along with the
underlying displayed data or data stream, but only the
unique 1dentifier and/or a facade of the digital content 1s
sent. The unique 1dentifier and/or the underlying metadata
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can be stored in a cloud-based database such as MySQL
which can point to the second device 850 or a cloud-based
file hosting platform that ultimately houses the digital con-
tent. No limitation 1s to be taken with the order of the
operation discussed herein; such that the sub-methods per-
formed by the first device 701 can be carried out synchro-
nous to one another, asynchronous, dependently or indepen-
dently of one another, or in any combination. These stages
can also be carried out in serial or i parallel fashion.

[0068] FIG. 3A 1s a flow chart for a method 300 of
identifving the reference patch included in the displayed
data and overlaying the digital content into displayed data,
according to an embodiment of the present disclosure. In an
embodiment, 1n step 3035, the first device 701 can mspect the
stream of data being outputted by the first device’s 701 video
or graphics card and onto the display of the first device 701.
That 1s, the first device 701 can access a frame bufler of the
GPU and analyze, frame by frame, in the frame bufler, the
outputted stream of data which can include the displayed
data. In an embodiment, a frame represents a section of the
stream of the displayed data that 1s being displayed by the
first device 701. In that regard, the first device 701 can
inspect the outputted stream of data. The first device 701 can
achieve this by intercepting and capturing data produced

from the first device 701’s video card or GPU that 1is
communicated to the first device 701°s display.

[0069] In an embodiment, in step 310, the first device 701
can process attributes ol each pixel included 1n a single
frame and detect groups of pixels within that frame, which
may have a known predetermined pattern of pixel luma and
chroma manipulation, 1n order to find the reference patch.

[0070] The nspected frame by frame stream of data 1s also
used by the first device 701 to identily the reference patch
which includes the unique identifiers therein. In an embodi-
ment, the first device 701 employs pattern recognition
algorithms to detect and identily the reference patch, the
perimeter of the reference patch, and/or the area of the
reference patch. In an embodiment, the first device 701
detects and 1dentifies the reference patch via the marker

itself. A variety of pattern recognition algorithms can be
used, such as Artificial Neural Networks (ANN), Generative

Adversarnial Networks (GAN), thresholding, SVM (Support
Vector Machines) or any classification and pattern recogni-
tion algorithm available conducive to computer vision.
Computer vision techniques may be artificial intelligence
techniques that train computers to 1nterpret and understand
a visual world. In an example, the computer vision tech-
niques may be an image recognition task, a semantic seg-
mentation task, and the like. In a non-limiting example, the
processor-based computer vision operation can include
sequences of filtering operations, with each sequential fil-
tering stage acting upon the output of the previous filtering
stage. For instance, when the processor (processing cCir-
cuitry) 1s/includes a GPU, these filtering operations are
carried out by fragment programs.

[0071] In another example, the computer vision tech-
niques may be a processor-based computer vision technique.
In an embodiment, the first device 701 can look for prede-
termined or repeatable patterns within the frame which
indicates the presence of the reference patch. In an embodi-
ment, the first device 701 can 1dentily the reference patch
based on a confidence level, the confidence level being high
when the predetermined pattern of pixel luma and chroma
mampulation and the predetermined edging pattern of pixel
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luma and chroma manipulation are detected in the reference
patch. The confidence level can be lower when one or
neither of the predetermined patterns is/are detected.

[0072] According to an embodiment, 1n the event that an
input to the operation i1s an 1mage, the input 1mages can be
mitialized as textures and then mapped onto quadrilaterals.
By displaying these quadrlaterals in appropriately sized
windows, a one-to-one correspondence of 1mage pixels to
output fragments can be ensured. Similarly, when the 1nput
to the operation 1s an encoded i1mage, a decoding process
may be integrated into the processing steps described above.
A complete computer vision algorithm can be created by
implementing sequences of these filtering operations. After
the texture has been filtered by the fragment program, the
resulting 1mage 1s placed ito texture memory, either by
using render-to-texture extensions or by copying the frame
bufler 1into texture memory. In thus way, the output 1image
becomes the input texture to the next fragment program.
This creates a pipeline that facilitates the entire computer
vision algorithm. However, often a complete vision algo-
rithm may require operations beyond filtering. For example,
summations are common operations. Furthermore, more-
generalized calculations, such as feature tracking, can also
be mapped eflectively onto graphics hardware.

[0073] In an embodiment, the reference patch can be
identified by use of edge detection methods. In particular,
edge detection can be used for the perimeter of the reference
patch having a predetermined pattern (the predetermined
edging pattern). In an example, the edge detection method
may be a Canny edge detector. The Canny edge detector may
run on the GPU. In one instance, the Canny edge detector
can be implemented as a series of fragment programs, each
performing a step of the algorithm.

[0074] In an embodiment, the i1dentified reference patch
can be tracked from frame to frame using feature vectors.
Calculating feature vectors at detected feature points i1s an
operation in computer vision. A feature 1n an image 1s a local
area around a point with some higher-than-average amount
of uniqueness. This makes the point easier to recognize 1n
subsequent frames of video. The uniqueness of the point 1s
characterized by computing a feature vector for each feature
point. Feature vectors can be used to recognize the same
point 1n different images and can be extended to more
generalized object recognition techniques.

[0075] Feature detection can be achieved using methods
similar to the Canny edge detector that instead search for
corners rather than lines. If the feature points are being
detected using sequences of filtering, the GPU can perform
the filtering and read back to the CPU a butler that tlags
which pixels are feature points. The CPU can then quickly
scan the builer to locate each of the feature points, creating
a l1st of 1image locations at which feature vectors on the GPU
will be calculated.

[0076] In step 315, the first device 701 can decode the
encoded data of the unique 1dentifiers from the area of the
reference patch, wherein the unique 1dentifiers correspond to
the surface area. The unique identifiers can be hashed values
that could have been generated beforechand by the first
device 701.

[0077] In step 320, the first device 701 can use the unique
identifiers to link the surface area with the digital content
using metadata and retrieve the digital content based on the
unique identifiers.

Oct. 13, 2022

[0078] In step 325, the first device 701 can overlay the
digital content onto the surface area of the displayed data
based on the unique identifiers.

[0079] Again, the method of identifying the reference
patch included i1n the displayed data and augmenting the
displayed data 1s described as performed by the first device
701, however, the second device 850 can instead perform the
same functions.

[0080] In an embodiment, the first device 701 identifies
the surface area corresponding to the reference patch by
employing further processes to process the frames. To this
end, FIG. 3B 1s a tlow chart of a sub-method of 1dentifying
the reference patch with the umique identifiers corresponding
to the surface area from the stream of data, according to an
embodiment of the present disclosure.

[0081] In step 310q, the first device 701 can decode the
encoded reference patch from the frame. The encoded
reference patch can include the marker that makes up the
unique 1dentifiers within the reference patch incorporated
previously. The reference patch can also include other
identifying information. The marker can be disposed within
the reference patch, such as within the area of the reference
patch or along a perimeter of the reference patch, or alter-
natively, outside of the area of the reference patch.

[0082] Whatever schema 1s used to encode the marker 1n
the reference patch i1s also used in reverse operation to
decode the underlying information contained within the
reference patch. As stated above, 1n an embodiment, the
encoded marker can be patterns generated and decoded

using the ARUCO algorithm or by other algorithms that
encode data according to a predetermined approach.

[0083] In step 3105, the first device 701 can also extract
attributes of the surface area from the reference patch. In an
embodiment, the position, size, shape, and perimeter of the
surface area are extracted, although other parameters can be
extracted as well. Other parameters include boundary lines,
area, angle, depth of field, distance, ratio of pairs of points,
or the like. In an embodiment, where shape and perimeter
are designated as the attributes, the first device 701 makes
determinations of size, shape, and perimeter and outputs that
result. Specifically, the size or shape of the surface area can
be determined by evaluating a predetermined or repeatable
pattern of pixel luma and chroma manipulation in the
reference patch. The predetermined pattern can be marked
on, within the area, or outside of the area of the reference
patch. The predetermined pattern can correspond to the size
or shape of the surface area. The predetermined pattern can
correspond to the size or shape of the digital content. The
perimeter of the surface area can also be determined by
evaluating a predetermined edging pattern of pixel luma and
chroma manipulation. The predetermined edging pattern can
be marked on, within the area, or outside of the area of the
reference patch. That 1s, the predetermined edging pattern of
the reference patch can correspond to the perimeter of the
surface area. The predetermined edging pattern of the reif-
erence patch can correspond to the perimeter of the digital
content.

[0084] In step 310c¢, the first device 701 can also calculate
a position and size of the surface area relative to the size and
shape (dimensions) of the output signal from the display that
1s displaying the displayed data. In an embodiment, the
calculating of the size, relative to the size and shape of the
outputted signal from the display, includes determining the
s1ze of the surface area by inspecting a furthest measured
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distance between the edges of the surface area. Furthermore,
the calculating of a location of the surface area, relative to
the size and shape of the outputted signal from the display,
includes determining the location of the surface area relative
to the size and shape of the displayed data outputted through
the display. This includes calculating the distance between
the outer edges of the surface area and the 1nner edges of the
displayed data being outputted by the display. The deter-
mined size and location of the surface area can be outputted
as a result. Notably, prior to overlaying the digital content
into the displayed data, the first device 701 can adjust, based
on the predetermined pattern and the predetermined edging
pattern, the size and perimeter of the digital content for
displaying 1n the display of the first device 701. For
example, the size and perimeter of the digital content for
displaying 1n the display of the first device 701 can be scaled

based on the size and perimeter of the surface area and/or the
s1ze of the display.

[0085] The first device 701 can provide information
regarding the characteristics of the output video signal, such
that the digital content that 1s later overlaid can correctly be
displayed to account for various manipulations or transior-
mations that may take place due to hardware constraints,
user mteraction, image degradation, or application 1nterven-
tion. Such manipulations and transformations may be the
relocation, resizing, and scaling of the reference patch
and/or the surface area, although the mamipulations and
transformations are not limited to those enumerated herein.
Such manipulations and transformations may be the reloca-
tion, resizing, and scaling of the reference patch and/or the
surface area, although the manipulations and transforma-
tions are not limited to those enumerated herein.

[0086] In an embodiment, the reference patch itself can be
used as the reference for which the digital content 1s dis-
played on the surface area. In one example, the location at
which to display the digital content in the surface area can
be determined relative to the location of the reference patch
on the displayed data. In one example, the size of the surface
area can be determined relative to the size of the reference
patch on the displayed data. In an example employing a
combination of the two properties of the reference patch, the
reference patch displayed in the displayed data on a smart
phone having a predetermined size and a surface area can be
scaled relative to the predetermined size of the display of the
smart phone. This can be further adjusted when the reference
patch 1n the same displayed data 1s displayed on a desktop
monitor, such that the predetermined size of the reference
patch in the displayed data displayed on the desktop monitor
1s larger and thus the size of the surface area can be scaled
to be larger as well. Furthermore, the location of the surface
area can be determined via a function of the predetermined
size ol the reference patch. For example, the location at
which to display the digital content in the surface area can
be disposed some multiple widths laterally away from the
location of the reference patch as well as some multiple
heights longitudinally away from the location of the refer-
ence patch. As such, the predetermined size of the reference
patch can be a function of the size of the display of the first
device 701. For example, the predetermined size of the
reference patch can be a percentage of the width and height
of the display, and thus the location and the size of the
surface area are also a function of the width and height of the
display of the first device 701.
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[0087] In an embodiment, the first device 701 can deter-
mine an alternative location at which to display the digital
content based on behaviors of the user. For example, the first
device 701 can compare the encoded data corresponding to
the location at which to display the digital content 1n the
surface area to training data describing movement and focus
of the user’s eyes while viewing the displayed data. Upon
determining the location at which to display the digital
content in the surface area (as encoded in the reference
patch) 1s not the same as the training data, the first device
701 can instead display the digital content at the location
described by the training data as being where the user’s eyes
are focused 1n the displayed data at a particular time. For
example, the user’s eyes may be predisposed to viewing a
bottom-right of a slide 1n a slide deck. The first device 701
can decode the reference patch and determine the digital
content 1s to be displayed 1n a bottom-left of the slide deck.
The training data can indicate that, for example, the user’s
eyes only focus on the bottom-leit of the slide 10% of the
time, while user’s eyes focus on the bottom-right of the slide
75% of the time. Thus, the first device 701 can then display
the digital content 1n the bottom-right of the slide instead of
the bottom-left. The training data can also be based on more
than one user, such as a test population viewing a drait of the
slide deck. For example, the training data can be based on
multiple presentations of the slide deck given to multiple
audiences, wherein eye tracking soiftware determines the
average location of the audience’s focus on each of the
slides.

[0088] In an embodiment, the first device 701 employs
other processes to associate the unique 1dentifiers with the
digital content. To this end, FIG. 3C 1s a flow chart of a
sub-method of associating the unique identifiers with digital
content, according to an embodiment of the present disclo-
sure. In step 320q, the first device 701 can send the unique
identifiers to the second device 850 and the second device
850 can retrieve metadata that describes the digital content,
the digital content being associated with the surface area
through the unique 1dentifiers. This can be done by querying
a remote location, such as a database or a repository, using
the unique 1dentifiers of the surface area as the query key. In
an embodiment, the first device 701 sends the unique
identifiers to the second device 850 and the second device
850 associates the unique identifier of the reference patch to
corresponding digital content based on the metadata. The
metadata associated with the surface area’s unique 1dentifier
can be transmitted to the first device 701 with the augmen-
tation content.

[0089] In step 3200, the first device 701 can assemble the
digital content that 1s associated with the surface area’s
unmique 1dentifier. The assembly can entail loading the nec-
essary assets for assembling the digital content. In an
embodiment, this can entail loading manipulation software
or drivers 1n order to enable the first device 701 to process
the digital content. Other assembling processes can be the
loading of rendering information 1n order to transform and
mampulate an individual portion of the digital content.
Furthermore, the loaded manipulation software, drivers, or
rendering mformation can be used to compile all the 1ndi-
vidual portions of the entire digital content together. In an
embodiment, this can include adapting the file formats of the
digital content, delaying the playback for the digital content,
converting from one format to another, scaling the resolution
up or down, converting the color space, eftc.
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[0090] Instep 320c¢, the first device 701 can provide access
control parameters for the digital content. The access control
parameters can dictate whether the digital content 1s visible
to some users, or to some geographical locations, or to some
types of displays and not others, as well as the date and time
or duration of time a user can access the digital content or
1s allowed to access. In an embodiment, visibility of the
digital content can be defined for an individual. For
example, the digital content can be a video that 1s appro-
priate for users over a certain age. In an embodiment,
visibility of the digital content can be defined for a geo-
graphic location. For example, the digital content can be a
video that 1s region-locked based on a location of the first
device 701. In an embodiment, visibility of the digital
content can be defined for a type of display displaying the
displayed data. For example, the digital content can be
VR-based and will only display with a VR headset. In an
embodiment, visibility of the digital content can be defined
for a predetermined date and a predetermined time. For
example, the digital content can be a video that will only be
made publicly available after a predetermined date and a
predetermined time. In an embodiment, visibility of the
digital content can be defined for a time period. For example,
the digital content can be a video that i1s only available for
viewing during a holiday. The first device 701 thus calcu-
lates the user’s access level based on those parameters and
provides an output result as to the user’s ability to access the
digital content, 1.e., whether the digital content will be
visible or 1nvisible to the user. Note that the access control
parameters can be global, for all the displayed data, or 1t can
be localized per surface areca and the underlying digital
content.

[0091] Referring again to FIG. 3A, 1n step 3235, the first

device 701 can carry on the processes of overlaying the
surface area with the digital content 1nto the displayed data
in accordance with the surface area, the position, and the size
identified by the unique i1dentifier. The first device 701 can
determine or adjust the size and location of the assembled
digital content on the surface area relative to the size and
shape of the displayed data being outputted by the display.
Then, the first device 701 can render the associated digital
content (or the assembled individual portions) over the
surface area’s shape and perimeter using the size and loca-
tion iformation. Thus, the digital content 1s superimposed
on top of the surface area.

[0092] FIG. 4A 1s a flow chart for a method 400 of

identifying the reference patch included in the displayed
data and overlaying the digital content mto displayed data,
according to an embodiment of the present disclosure. In an
embodiment, 1n step 405, the first device 701 can ispect the
main memory on the first device 701. Again, the main
memory of the first device 701 refers to physical internal
memory of the first device 701 where all the software
applications are loaded for execution. Sometimes complete
soltware applications can be loaded into the main memory,
while other times a certain portion or routine of the software
application can be loaded 1nto the main memory only when
it 1s called by the software application. The first device 701
can access the main memory of the first device 701 including
an operating system (OS) memory space, a computing
memory space, and an application sub-memory space for the
computing memory space 1n order to determine, for
example, which software applications are running (comput-
Ing memory space), how many windows are open for each
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soltware application (application sub-memory space), and
which windows are visible and where they are located (or
their movement) on the display of the first device 701 (OS
memory space). That 1s to say, the OS memory takes up a
space 1n (or portion of) the main memory, the computing
memory takes up a space 1n (or portion of) the main memory,
and the application sub-memory takes up a space in (or
portion of) the computer memory. This information can be
stored, for example, in the respective memory spaces. Other
information related to each software application can be
obtained and stored and 1s not limited to the atorementioned
features.

[0093] In an embodiment, in step 410, the first device 701
can aggregate the various memory spaces into an array (or
table or handle). That 1s, the first device 701 can integrate
data corresponding to the OS memory space and data
corresponding to the computing memory space ito the
array. The array can be stored on the main memory of the
first device 701 and include information regarding the
software applications running on the first device 701. In an
embodiment, the computing memory spaces (including the
application sub-memory spaces) can be aggregated 1nto the
array. This can be achieved by querying the main memory
for a list of computing memory spaces of all corresponding
soltware applications governed by the OS and aggregating
all the computing memory spaces obtained from the query
into the array. This can be, for example, aggregating the
computing memory space of a PowerPoint file and the
computing memory space ol a Word file into the array. The
information in the computing memory spaces stored in the
array can include metadata of the corresponding software
application. For example, for PowerPoint, the information 1n
the array can include a number of slides in a presentation,
notes for each slide, etc. Moreover, each window within the
PowerPoint file and/or the Word file can be allocated to a
sub-memory space. For example, the array can include the
location of each window for each software application
running on the first device 701, which can be expressed as
an x- and y-value pixel coordinate of a center of the window.
For example, the array can include the size of each window
for each software application running on the first device 701,
which can be expressed as a height and a width value.

[0094] In an embodiment, in step 4135, the first device 701
can determine a rank or a hierarchy of the computing
memory spaces 1n the array. The rank can describe whether
a window of a software application or the solftware appli-
cation 1tself 1s active or more active as compared to another
soltware application running on the first device 701. An
active window or software application can correspond to the
window or software application that 1s currently selected or
clicked 1n or maximized. For example, an active window can
be a window of a web browser that the user 1s scrolling
through. In an embodiment, this can be achieved by query-
ing the OS memory space and each computing memory
space 1n the main memory for existing sub-memory spaces,
querying the OS memory space and each computing
memory space in the main memory for a rank or hierarchical
relationship between (soltware application) sub-memory
spaces found, recording the list of sub-memory spaces and
the rank relationship between sub-memory spaces, and asso-
ciating the list of sub-memory spaces and the rank relation-
ship between the sub-memory spaces with the array. For
example, a window of a first application can be an active
window on the first device 701 and has a higher rank than
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an mactive window of a second application also running on
the first device 701. The active window can be the window
the user has currently selected and displayed over all other
windows on the display of the first device 701. Notably,
there can be multiple visible windows, but one of said
multiple visible windows can have a higher rank because 1t
1s currently selected by the user and 1s the active window.

[0095] For example, two documents can be viewed 1n a
split-screen side-by-side arrangement without any overlap
of one window over another window, and a third document
can be covered by the two documents 1n the split-screen
side-by-side arrangement. In such an example, the user can
have one of the two split-screen documents selected,
wherein the selected document 1s the active window and
would have a higher rank (the highest rank) than the other
of the two split-screen documents since the higher (highest)
ranked document 1s selected by the user. The third document
behind the two split-screen documents would have a lower
rank (the lowest rank) than both of the two split-screen
documents since it 1s not visible to the user. Upon bringing
the third document to the front of the display and on top of
the two split-screen documents, the third document rank
would then become the highest rank, while the two split
screen documents’ rank would become lower (the lowest)
than the third document (and the rank of the two split screen
documents can be equal).

[0096] In an embodiment, the rank can be determined
based on eye or gaze tracking of the user (consistent with or
independent of whether a window 1s selected or has an active
cursor). For example, a first window and a second window
can be visible on the display, wherein the first window can
include a video streaming from a streaming service and the
second window can be a word processing document. The
rank of the first window and the second window can be
based on, for example, a gaze time that tracks how long the
user’s eyes have looked at one of the two windows over a
predetermined time frame. The user may have the word
processing document selected and active while the user
scrolls through the document, but the user may actually be
watching the video instead. In such a scenario, an accrued
gaze time of the first window having the video can be, for
example, 13 seconds out of a 15 second predetermined time
frame, with the other 2 seconds in the predetermined time
frame being attributed to looking at the first window having
the word processing document. Thus, the rank of the first
window having the video can be higher than the rank of the
second window because the gaze time of the first window 1s
higher than the gaze time of the second window. Notably, 1t
there 1s only one open window, the rank of that window
would be ranked as the top-ranked window (because 1t 1s the
only window) regardless of/independent from other user
input, such as gaze, selection, etc.

[0097] In an embodiment, the rank can be determined
based on the eye tracking and a selection by the user. For
example, the user can select the first window having the
video and looking at a description of the video playing in the
same first window. In such a scenario, both the eye tracking
accruing a longer gaze time (than the second window) and
the user selecting the first window to make 1t the active
window can make the first window the top-ranked window.

[0098] Thus, the rank can be determined based on one or
a plurality of elements. The more elements being used, the
more accurate the determination of the rank. Hence, the rank

can be determined by a combination of eye or gaze tracking,
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an mput selection by a user (for example, the user clicking
on an i1con or a display element 1n a window (the first
window or the second window), a user hovering a mouse or
pointer over a portion of a window (without necessarily
clicking or selecting anything), etc. The rank determination
can also go beyond these elements/factors to include preset
settings related to a particular user and/or past behavior/
experiences. For example, the user can preset certain set-
tings and/or the user’s device can learn from user’s past
behavior/experiences about his/her preference when two or
more windows are displayed at the same time side by side.

[0099] For example, this particular user may always play
a video 1n the first window while working on a presentation
in the second window. In such case, the user’s device can
learn from this behavior and use this knowledge to more
accurately determine the rank (for example, when the first
window has a video playing and the second window corre-
sponds to a work processing document or a presentation, the
active window 1s likely the second window). Such knowl-
edge can be paired with eye gaze direction and other factors
such as mouse/cursor movement, etc. 1n order to more
accurately determine the rank.

[0100] In an embodiment, 1n step 420, the mspected main
memory data can also include a reference patch therein and
the first device 701 can identily the reference patch in the
main memory data. In an embodiment, the first device 701
can detect and identily the reference patch in the main
memory by a value, such as a known encoding, where the
format of the of the data 1tself can indicate to the application
where the reference patch i1s located. For example, the
known encoding can be 25 bytes long and in a predeter-
mined position within the binary bits of the main memory.
In one embodiment, the first device 701 inspects the main
memory data for bit data corresponding to the reference
patch. For example, the bit data corresponding to the refer-
ence patch 1s an array of bits corresponding to pixel data
making up a reference patch. In one embodiment, the
presence of the reference patch 1s an attribute of an object or
a class. In one embodiment, the reference patch 1s a file used
by an application wherein the file 1s loaded into the main
memory when the reference patch i1s displayed by the
application. In one embodiment, the presence of the refer-
ence patch 1s indicated in metadata, e.g., with a flag. In an
embodiment, the reference patch can be identified by pars-
ing an application (e.g. a Word document), looking through
the corresponding metadata in the computing memory
space, and finding the reference patch 1n the metadata by
attempting to match the metadata with a predetermined
indicator indicating the presence of the reference patch, such
as the unique identifier.

[0101] In step 4235, the first device 701 can determine
whether the software application corresponding to the com-
puting memory space (and sub-memory space) in which the
reference patch was 1dentified 1s active or 1n the displayed
data. Referring to the example of step 415, while the window
of the first application can include the reference patch, the
mactive window of the second application can become
active and overlay over the window of the first application
which was previously the active window. In such a scenario,
the reference patch 1n the window of the first application can
become covered by the window of the second application.
As such, the secondary digital content of the reference patch
in the window of the first application need not be displayed
or can cease being displayed. However, 1n an alternative



US 2022/0327748 Al

scenar1o, the window of the first application, including the
reference patch, can be active and the reference patch therein
can be uncovered and visible. In one embodiment, the active
window refers to the window with the most recent interac-
tion, e.g., a click, a movement. In one embodiment, the first
device 701 uses a priority list to determine which window 1s
the active window. For example, digital content for a first
application with higher priority than a second application
will be displayed even 1f the second application covers the
reference patch of the first application.

[0102] In step 430, upon determining the software appli-
cation corresponding to the computing memory space (and
sub-memory space) in which the reference patch was 1den-
tified 1s active or 1n the displayed data, the first device 701
can decode the encoded data of the unique 1dentifiers from
the area of the reference patch, wherein the unique 1denti-
fiers correspond to the surface area.

[0103] In step 435, the first device 701 can use the unique
identifiers to link the surface area with the digital content
using metadata and retrieve the digital content based on the
unique 1dentifiers.

[0104] In step 440, the first device 701 can overlay the
digital content onto the surface area of the displayed data
based on the unique i1dentifiers.

[0105] Again, the method of identifying the reference
patch included in the displayed data and augmenting the
displayed data 1s described as performed by the first device
701, however, the second device 850 can instead perform the
same functions.

[0106] In an embodiment, the first device 701 1dentifies
the surface area corresponding to the reference patch by
employing further processes. To this end, FIG. 4B 1s a tlow
chart of a sub-method of identifying the reference patch with
the unique 1dentifiers corresponding to the surface area from
the stream of data, according to an embodiment of the
present disclosure.

[0107] In step 410q, the first device 701 can decode the
encoded reference patch from the main memory. The
encoded reference patch can include the marker that makes
up the unique identifiers within the reference patch incor-
porated previously. The reference patch can also include
other identifying information. The marker can be disposed
within the reference patch, such as within the area of the
reference patch or along a perimeter of the reference patch,
or alternatively, outside of the area of the reference patch.
[0108] Again, whatever schema i1s used to encode the
marker in the reference patch 1s also used in reverse opera-
tion to decode the underlying information contained within
the reference patch. As stated above, 1n an embodiment, the
encoded marker can be patterns generated and decoded
using the ARUCO algorithm or by other algorithms that
encode data according to a predetermined approach.

[0109] Similarly, as described above, 1n step 4105, the first

device 701 can also extract attributes of the surface area
from the reference patch.

[0110] Smmualarly, as described above, 1n step 410c¢, the first
device 701 can also calculate a position and size of the
surface area relative to the size and shape (dimensions) of
the output signal from the display that i1s displaying the
displayed data.

[0111] Smmuilarly, as described above, the first device 701

can provide mformation regarding the characteristics of the
output video signal, such that the digital content that 1s later
overlaid can correctly be displayed to account for various
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mampulations or transformations that may take place due to
hardware constraints, user interaction, image degradation, or
application intervention. Such mampulations and transior-
mations may be the relocation, resizing, and scaling of the
reference patch and/or the surface area, although the
mamipulations and transformations are not limited to those
enumerated herein.

[0112] Similarly, as described above, the reference patch
itself can be used as the reference for which the digital
content 1s displayed on the surface area.

[0113] Similarly, as described above, the first device 701
can determine an alternative location at which to display the
digital content based on behaviors of the user.

[0114] In an embodiment, the first device 701 employs
other processes to associate the unique identifiers with the
digital content. To this end, FIG. 4C 1s a flow chart of a
sub-method of associating the unique identifiers with digital
content, according to an embodiment of the present disclo-
sure. In step 420qa, the first device 701 can send the unique
identifiers to the second device 8350 and the second device
8350 can retrieve metadata that describes the digital content,
the digital content being associated with the surface area
through the unique identifiers. This can be done by querying
a remote location, such as a database or a repository, using
the unique 1dentifiers of the surface area as the query key. In
an embodiment, the first device 701 sends the unique
identifiers to the second device 850 and the second device
850 associates the unique identifier of the reference patch to
corresponding digital content based on the metadata. The
metadata associated with the surface area’s unique 1dentifier
can be transmitted to the first device 701 with the augmen-
tation content.

[0115] In step 4205, the first device 701 can assemble the
digital content that 1s associated with the surface area’s
unmique 1dentifier. The assembly can entail loading the nec-
essary assets for assembling the digital content. In an
embodiment, this can entail loading manipulation software
or drivers 1n order to enable the first device 701 to process
the digital content. Other assembling processes can be the
loading of rendering information in order to transform and
mampulate an individual portion of the digital content.
Furthermore, the loaded manipulation software, drivers, or
rendering mformation can be used to compile all the 1ndi-
vidual portions of the entire digital content together. In an
embodiment, this can include adapting the file formats of the
digital content, delaying the playback for the digital content,
converting from one format to another, scaling the resolution
up or down, converting the color space, eftc.

[0116] In step 420c, the first device 701 can provide access
control parameters for the digital content. The access control
parameters can dictate whether the digital content 1s visible
to some users, or to some geographical locations, or to some
types of displays and not others, as well as the date and time
or duration of time a user can access the digital content or
1s allowed to access. In an embodiment, visibility of the
digital content can be defined for an individual. For
example, the digital content can be a video that 1s appro-
priate for users over a certain age. In an embodiment,
visibility of the digital content can be defined for a geo-
graphic location. For example, the digital content can be a
video that 1s region-locked based on a location of the first
device 701. In an embodiment, visibility of the digital
content can be defined for a type of display displaying the
displayed data. For example, the digital content can be
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VR-based and will only display with a VR headset. In an
embodiment, visibility of the digital content can be defined
for a predetermined date and a predetermined time. For
example, the digital content can be a video that will only be
made publicly available after a predetermined date and a
predetermined time. In an embodiment, visibility of the
digital content can be defined for a time period. For example,
the digital content can be a video that 1s only available for
viewing during a holiday. The first device 701 thus calcu-
lates the user’s access level based on those parameters and
provides an output result as to the user’s ability to access the
digital content, 1.e., whether the digital content will be
visible or 1nvisible to the user. Note that the access control
parameters can be global, for all the displayed data, or 1t can
be localized per surface areca and the underlying digital
content.

[0117] Referring again to FIG. 4A, 1n step 440, the first
device 701 can carry on the processes of overlaying the
surface arca with the digital content 1nto the displayed data
in accordance with the surface area, the position, and the size
identified by the unique 1dentifier. The first device 701 can
determine or adjust the size and location of the assembled
digital content on the surface area relative to the size and
shape of the displayed data being outputted by the display.
Then, the first device 701 can render the associated digital
content (or the assembled individual portions) over the
surface area’s shape and perimeter using the size and loca-
tion mformation. Thus, the digital content 1s superimposed
on top of the surface area.

[0118] The first device 701 can continuously monitor
changes that are taking place at the end user’s device (such
as the second device 850 of the second user) to determine
whether the reference patch and/or the surface area has
moved or been transformed in any way (see below for
additional description). Thus, the first device 701 can con-
tinuously mspect subsequent frames of the stream of the data
(for example, every 1 ms or by reviewing every new frame),
displaying the displayed data, to determine these changes.
The first device 701 can further continuously decode the
reference patch’s data from the i1dentified reference patch.
Then the first device 701 can continuously extract attributes
from the data, the attributes being of size, shape, and
perimeter and comparing those changes between the current
frame and last frame. Further, the first device 701 can
continuously calculate the size and location of the surface
area and compare changes between the size and location of
the surface area from the current and the last frame and then
continuously overlay the digital content on the surface area
by incorporating the changes 1n the reference patch’s attri-
butes and the changes in the size and location of the surface
area. As stated above, when the user manipulates his/her
display device by scaling, rotating, resizing or even shifting
the views from one display device and onto another display
device, the first device 701 can track these changes and
ensure that the digital content 1s properly being superim-
posed onto the surface area.

[0119] In an embodiment, the methodologies discussed
with reference to FIG. 3 that use the frame bufler can be used
without using the methodologies discussed with reference to
FIG. 4 that use the memory space and vice-versa. In other
words, 1n an embodiment, either the methodologies of FIG.
3 or the methodologies of FIG. 4 can be used to 1dentifying
a reference patch and overlay the digital content 1n displayed
data.
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[0120] However, 1n an embodiment, both the methodolo-
gies discussed with reference to FIG. 3 that use the frame
bufler and the methodologies discussed with reference to
FIG. 4 that use the memory space can be used together. In
such embodiment, a device can use both approaches to
accurately identily the same reference patch (applying both
approaches can yield better results). In an embodiment, both
approaches can be used to identily different reference
patches. For example, 1f a document includes a plurality of
reference patches, the first device can apply the methodolo-
gies discussed with reference to FIG. 3 to a first reference
patch, while applying the methodologies discussed with
reference to FIG. 4 to a second reference patch.

[0121] An illustrative example will now be discussed: a
scenario where a user (for example, a user at the first device
701) recerves (from another device such as the third device
702) an email with the embedded reference patch 1n the body
of the email or as an attached document. The reference patch
within the displayed data (email) can show a facade of the
digital content or the reference patch. The application on the
first device 701 can scan the display to find the reference
patch and the surface areca and the attributes within the
displayed data as 1t 1s being displayed. Furthermore, the first
device 701 can access the digital content using the unique
identifier and metadata and prepare 1t for overlaying. At
which point, the user (1.e., the recipient) can select the digital
content by various ways such as by clicking on the digital
content’s facade or the surface area, or otherwise indicating
that 1t intends to access the digital content.

[0122] Thereatter, the digital content can be retrieved from
the second device 8350 using the unique identifier and the
metadata saved within a database that directs the second
device 850 to where the digital content 1s saved and can be
obtained. That 1s, the second device 850 can determine the
digital content corresponding to the derived unique identifier
and send the digital content corresponding to the unique
identifier (and the metadata) to the first device 701. Then, the
first device 701 can superimpose (overlay) the digital con-
tent on the surface area. While the digital content 1s being
received and overlayed on the surface area, the first device
701 can continually monitor the location, size and/or shape
of the reference patch and/or the surface area to determine
movement and transformation of the reference patch and/or
the surface area. If the user has moved the location of the
reference patch and/or the surface area, or has resized or
mampulated the screen for whatever purpose, the new
location, shape and/or size information of the reference
patch and/or the surface area 1s determined i1n order to
display the digital content properly within the bounds of the
surface area. Thus, the digital content moves with the
displayed data as the displayed data 1s moved or resized or
mampulated.

[0123] In an embodiment, a user that has received the
displayed data embedded with the reference patch can
access the digital content on his/her first device 701, as
described above. The user may want to transier the ongoing
augmenting experience from the first device 701 to another
device, such as the device 70%, 1n a seamless fashion. In that
scenario, the user 1s able to continue the augmenting expe-
rience on his/her smartphone, smartwatch, laptop computer,
display connected with a webcam, and/or tablet pc. The user
therefore can capture the embedded reference patch and
therefore the encoded attributes, as the digital content 1s
being accessed and overlaid unto the surface area. The user
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can capture the embedded reference patch by taking a
picture of 1t or acquiring the visual information using a
camera of the third device 702 as mentioned above. The user
can capture the embedded reference patch by accessing the
main memory of the third device 702 as mentioned above.

[0124] Assuming the user also has the functionality
included or the application 1nstalled or running on the device
70, the device 70n would recognize that an embedded
reference patch and encoded unique identifiers are in the
captured 1mage/video stream or i1n the main memory of the
device 70n, such as in the corresponding computing memory
space as the software application currently active on the
device 70n. Once the surface area has been determined and
the reference patch decoded, the digital content can be
obtained from the second device 850, using the unique
identifiers and the metadata and then overlaid on the surface
area within the displayed data displayed on the device 70x.
In an embodiment, as soon as the device 70n superimposes
the digital content onto the surface area, the second device
850 or the backend determines that the stream has now been
redirected onto the device 70 and thus pushes a signal to the
first device 701 to stop playing the digital content on the first
device 701. The device 70r that i1s overlaying the digital
content therefore resumes the overlaying at the very same
point that the first device 701 stopped overlaying the digital
content (for instance, when the content 1s a video {for
example). Thus, the user 1s able to handofl the digital content
from one device to another without noticing delay or dis-
ruption 1n the augmenting experience.

[0125] In another illustrative example of content augmen-
tation, the user can be browsing a page of a website. The
webpage may be dedicated to discussions of strategy in
fantasy football, a popular online sports game where users
manage their own rosters of football players and points are
awarded to each team based on individual performances
from each football player on the team. After reading the
discussion on the website page, the user may wish to update
his/her roster of football players. Traditionally, the user
would be required to open a new window and/or a new tab
and then navigate to his/her respective fantasy football
application, to his/her team, and only then may the user be
able to modily his/her team. Such a digital user experience
can be cumbersome. With augmentation, however, the user
may not need to leave the original webpage since a reference
patch corresponding to a fantasy football augmentation (1.e.,
fantasy football digital content for overlaying on the dis-
played website page) may be positioned within the viewable
area of the website page. The corresponding digital content
may be, for instance, an interactive window provided by a
third-party fantasy football application that allows the user
to modily his/her roster without leaving the original website.
Thus, mstead of navigating to a different website and losing
view of the informative fantasy football discussion, the user
can sumply interact with the digital content that i1s being
overlaid on the displayed data.

[0126] An illustrative example of detecting the reference
patch in the main memory 1s described herein. In an embodi-
ment, a {irst application and a second application are runming,
and a first window of the first application and a first window
of the second application can be visible on the OS. The OS
memory space can include information (written and updated
by the OS) regarding the data on the OS, such as the
windows that are displayed and visible, the sizes of the
windows, the locations of the windows, the movement of a
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mouse pointer or cursor, and a movement of the windows,
among others. Of course, the recording of the reference
patch at a specific location on the OS can also be written to
the OS memory space. For example, the reference patch can
be an 1mage, such as a .PNG file. However, the OS memory
space 430 may not correlate that the first window of the first
application corresponds to the first application. The OS
memory space may simply record that a .PNG file (the
reference patch) 1s displayed and located at a particular x-
and y-coordinate pixel. Nonetheless, with reference to step

305 and step 320 of method 300, the first device 701 can

access the main memory, 1nspect the main memory includ-
ing the OS memory space, and 1dentity the .PNG file (the
reference patch) i the OS memory space. The first device
701 can also 1dentily, as previously described, the locations
of windows and whether the reference patch i1s covered by
the windows, such as via the x- and y-coordinates of the
windows 1n conjunction with the size of the windows and
their hierarchy (if a window 1s active) to determine an area
covered by the windows. Upon determining the reference
patch 1s not covered by any other objects or windows, the
first device 701 can decode the encoded data of the unique
identifiers from the area of the reference patch (step 330),
retrieve the digital content based on the unique 1dentifiers
(step 335), and overlay the digital content onto the surface

arca of the displayed data based on the unique identifiers
(step 340).

[0127] In an embodiment, the first application can include
metadata which can have a predetermined format with
predetermined keywords that can be interpreted. The meta-
data can be information regarding the first window of the
first application corresponding to the first application which
1s written to a first computing memory space. The informa-
tion can 1nclude, for a PowerPoint presentation example, the
slide number of the presentation being displayed 1n the first
window of the first application (PowerPoint), a total number
of slides 1n the presentation, and the slide in which the
reference patch 1s embedded, among others. Furthermore,
for the PowerPoint example, the application sub-memory
space can correlate to each individual slide of the presen-
tation. Now, returning to method 300, the first device 701
can access the main memory, mspect the main memory
including the first computing memory space and a second
computing space corresponding to the second application,

and 1denftity the .PNG file (the reference patch) in the first
computing memory space.

[0128] In yet another 1llustrative example of content aug-
mentation, as will be described with reference to FIG. SA
through FIG. SE, the displayed data 1s a slide deck. The slide
deck may be generated by a concierge-type service that
seeks to connect a client with potential garden designers. As
in FIG. 5A, the slide deck may be presented to the client
within a viewable area 103 of a display 102 of the first
device 701. The presently viewable content of the slide deck
within the viewable area 103 of the display 102 may be a
current frame of displayed data 106. Traditionally, the slide
deck may include information regarding each potential
garden designer and may direct the client to third-party
applications that allow the client to contact each designer. In
other words, 1n order to connect with one or more of the
potential garden designers, the client, traditionally, may
need to exit the presentation and navigate to a separate
internet web browser 1n order to learn more about the garden
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designers and connect with them. Such a digital user expe-
rience can be also cumbersome.

[0129] With augmentation, however, the client need not
leave the presentation in order to set up connections with the
garden designers. For instance, as shown in FIG. 5B, a
reference patch 104 can be positioned within the slide deck
to be 1 the current frame 106 and viewable within the
viewable area 103 of the display 102 at an appropnate
moment. As shown 1n FIG. 5C, the reterence patch 104 may
correspond to digital content 105 (1.e., one or more augmen-
tations) and, when the reference patch 104 1s visible to/de-
tectable by/in an active window of the first device 701, the
digital content 105 1s retrieved and displayed by the first
device 701 at the corresponding surface area. The digital
content 105 can include, as shown 1in FIG. 5C, interactive
buttons, images, videos, windows, and 1cons, among others,
that allow the client to interact with the displayed data and
to, for 1nstance, engage with the garden designers without
leaving the presentation. In an example, the interactive
digital content 105 may allow for scheduling an appointment

with a given garden designer while still within the slide
deck.

[0130] It can be appreciated that such an augmentation 1s
cllective while the reference patch 1s displayed within the
viewable display area of the display. When the reference
patch 1s no longer viewable, however, such as when a user
scrolls, pans, zooms, or other similar interaction that
manipulates the viewable content, 1t becomes diflicult to
provide the augmentation to the digital user experience.

[0131] In the webpage example provided above, 1t can be
appreciated that the reader may scroll up and scroll down
through the webpage 1n order to read the entire discussion
and analysis. If a reference patch scrolls off of the viewable
area, however, the augmentation may no longer be visible,
functional, and/or able to be interacted with. In another
example, wherein the digital content 1s mcluded within a
video, the presence of the digital content may be temporally
related to the scenes of the video and, when a scene has
passed, the augmentation may similarly disappear.

[0132] This reality can be appreciated with respect to FIG.
5D and FIG. SE. As shown 1in FIG. 5D, the client has decided
to zoom 1n on the slide deck 1n order to have a better view
of each of the garden designers. In this way, the current
frame 106 now retlects a magnmified version of the frame
shown 1n FIG. SC. The viewable area 103 of the display 102
now 1ncludes less digital content 105. Notably, the reference
patch 104 1s now partially (i.e., not entirely) visible. As the
user continues to zoom 1n on the slide deck 1n order to have
a better view of one garden designer, 1n particular, 1t can be
appreciated that the reference patch 104, as shown 1n FIG.
5E, may no longer be present within the viewable display
arca 103 of the display 102. Instead, the location of the
reference patch 104 i1s now considered to be within a
previous frame of displayed data 107 and 1s no longer visible
within the current frame of displayed data 106. As such, the
digital content 105 shown 1 FIG. 3D 1s no longer being
displayed. This interruption of the digital user experience 1s
not only inconvenient but may render the augmentation
experience unsatisfactory.

[0133] Thus, the present disclosure provides methods for
maintaining the augmentation experience and ensuring a
happy digital user experience after a reference patch 1s no
longer within a visible area of a display.
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[0134] According to an embodiment, the present disclo-
sure provides methods for maintaining augmentations when
a reference patch(es) 1s/are no longer within a viewable area
of the display.

[0135] FIG. 6A provides a method M600 for generating a
portion of displayed data by determiming a similarity
between frames displayed within a viewable area of a
display using the method 300. In an example, the displayed
data may be the entire viewable area of the display and
include a webpage, a video, an 1mage, a document, and the
like. In an example, the frame can display a portion of the
viewable area and include a window of an application which
can be analyzed instead of the entire viewable area of the
display. Accordingly, the similarity between the frames may
define a spatiotemporal relationship.

[0136] At step S605 of method M600, a current frame of
displayed data viewable within the viewable area of the
1splay can be compared with a previous frame of displayed
ata obtained from the frame bufler. The previous frame of
isplayed data may be an immediately prior frame of
1splayed data viewable within the viewable area of the
display, may be selected from a database of previous dis-
played data, or may be an arbitrary previous frame. The
previous frame of displayed data and/or the current frame of
displayed data can include digital content. For the purposes
of this example, it can be considered that digital content
visible within the previous frame of displayed data 1s not
visible within the current frame of displayed data.

[0137] At step S610 of method M600, a similarity
between the current frame of displayed data and the previous
frame of displayed data can be calculated based on the
comparison at step S6035 of method M600. The similarity
may be one of a matrix similarity, an overlap between the
frames of displayed data, or a comparison based on image
registration, among others. The similarity may be deter-
mined by computer vision approaches via the method 300.

[0138] At step S615 of method M600, the calculated
similarity can be used to determine a current position of the
digital content present within the previous frame of dis-
played data relative to the current frame of displayed data
within the viewable area of the display.

[0139] FIG. 6B provides a method M601 for generating a
portion of displayed data by determining changes in the
information in the array using the method 400. In an
example, the displayed data may be a webpage, a video, an
image, a document, and the like.

[0140] At step S655 of method M601, the information,
including the metadata, 1n the array can be analyzed. As
previously described, the information in the array can be
continually updated with information from the OS memory
space and the computing memory spaces. A change 1n the
location, size, active/inactive status, and the like of a win-
dow or other objects can be updated 1n the array. Regarding
the location, that 1s to say a movement of the window or
objects can be updated and tracked. Regarding the active/
inactive status, that 1s to say a visibility of the window or
objects can be updated and tracked, as well as a hierarchy/
rank. Other information in the array can also be tracked,
including, but not limited to, metadata of the window or
objects corresponding to the applications running on the first

device 701.

[0141] Atstep S660, said changes 1n the information 1n the
array can be detected by the first device 701. For example,
the movement of a window can be updated and detected,

C
C
C
C
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wherein the window can include the reference patch. For
example, the location of the reference patch 1tself can be
updated in the array and the change in location of the
reference patch can be detected by the first device 701 via
either the OS memory space and/or the application memory
spaces.

[0142] At step S665, based on the detected changes in the
information 1n the array, a new position of the digital content
within the displayed data can be determined. This can
include, for example, a new location of the reference patch.
This can be determined relative to the previous position and
size information of the digital content. This can also be
determined relative to the size of the display.

[0143] In this way, the digital composition can be con-
structed from portions thereof. With regard now to FIG. 7,
method M700 can be iteratively repeated 1n order to evaluate
positions and sizes of digital content within the displayed
data, for example, as new frames are displayed or as
movement information 1s tracked and updated 1n the array.

[0144] Accordingly, at step S720 of method M700, the
comparing, calculating, and determining of method M700
can be iteratively performed to determine a current position
and size of the digital content. For example, the new data can
be relative to the current frame within the viewable area of
the display. For example, the new data can be relative to the
changes 1n the array.

[0145] At step S725 of method M700, the iterative evalu-
ations of step S720 of method M700 can be combined 1n
order to generate a virtual display corresponding to the
displayed data. For example, the virtual display can provide
a spatial relationship between the current frame of displayed
data and the digital content. For example, the virtual display
can be generated based on the new data in the array.

[0146] FIG. 6 and FIG. 7 describe determining a position
of digital content when 1t 1s outside the viewable area of a
display. Understanding the position of the reference patch 1s
paramount to providing an uninterrupted overlay of the
digital content and smooth digital user experience. For
instance, in the event the digital content 1s defined relative
to a position of the reference patch, knowing the position of
the reference patch within the virtual display and relative to
the current display frame allows the digital content to be
maintained even when the reference patch 1s no longer
viewable.

[0147] FIG. 8A provides a tlow diagram of an aspect of the
above-described actualization of the methods described

herein for the frame comparison method using the method
300.

[0148] At step S830 of method M800, a current frame of

displayed data viewable within the viewable area of the
display can be compared with a previous frame of displayed
data obtained from the frame bufler

[0149] At step S835 of method MS800, a similarity
between the compared frames can be calculated. The simi-
larity may be one of an overlap between the frames of
displayed data or a comparison based on image registration,
among others.

[0150] Based on the calculated similarity at step S835 of
method M800, a current position of secondary digital con-
tent present within the previous frame of displayed data can
be determined at step S840 of method M800. The determi-
nation can generate the current position of the digital content
relative to the current frame of displayed data.
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[0151] At step S845 of method MS800, the secondary
digital content can be generated in order to provide the user
with a prescribed digital user experience. In an embodiment,
the digital content can be positioned within the current frame
of displayed data relative to the current position of the
reference patch, as determined at step S840 of method
M800. In this way, even though the reference patch may no
longer be within a viewable area of the display, the digital
content may persist and the digital user experience can be
continued. In an embodiment, the digital content can be
positioned within the current frame of displayed data rela-
tive to other objects detected 1n the displayed data.

[0152] FIG. 8B provides a flow diagram of an aspect of the
above-described actualization of the methods described
herein for the array comparison method using the method
400. In an embodiment, the first device 701, having a
desktop with objects thereon, such as a window of a soft-
ware application, can continually update an array with the
information regarding the objects on the desktop (location,
s1ze, etc.). That 1s, the first device 701 can integrate data
corresponding to the OS memory space and data corre-
sponding to the computing memory space into the array
continually over time. The array can be updated at a first
time point, t,, and again at a second time point, t,, wherein
t, 1s equal to t; plus a predetermined time interval. When the
array 1s updated at the second time point, the array becomes
a current array, while the array updated at the first time point
becomes a previous array.

[0153] At step S860 of the method M801, a current array
including immformation describing the displayed data view-
able within the viewable area of the display can be compared
with a previous array of displayed data obtained from the
main memory.

[0154] At step S865 of the method M801, a difference
between the compared arrays can be determined. The dif-
ference may be one of a matrix difference, among others.
The difference can include, for example, a change in the size
of the secondary digital content. The diflerence can include,
for example, a change 1n the location of the secondary digital
content.

[0155] Upon detecting a difference at step S865 of method
M801, a current position of the digital content present within
the displayed data can be determined at step S870 of the
method M801. A current size of the digital content can also
be determined at step S870. The determination can generate
the current position of the digital content at or relative to the
current array describing the current displayed data. Notably,
a change in the position of the reference patch can be
determined and used as a reference point.

[0156] At step S875 of method M801, the secondary
digital content can be generated overlayed on the displayed
data 1n order to provide the user with a prescribed digital
user experience. In an embodiment, the digital content can
be positioned within the displayed data relative to the
current position of the reference patch, as determined at step
S870 of method M801. In this way, even though the refer-
ence patch may no longer be within a viewable area of the
display, the digital content may persist and the digital user
experience can be continued.

[0157] For example, a logo can be disposed at a first
position 1 a presentation displayed in a window on the
desktop of the first device 701. The first position can be
described by an x- and y-pixel coordinate of the logo relative
to an area of the desktop and the first position data can be
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integrated into the array (among other data) at the first time
point. As the user moves the window 1n which the presen-
tation 1s displayed on the desktop, the logo moves to a
second position (again, described by a new x- and y-pixel
coordinate) which 1s itegrated into the array at the second
time point, which can be 1 minute after the first time point.
At the second time point (the first time point plus 1 minute),
the array 1s the current array, and the array at the first time
point (the second time point minus 1 minute) becomes the
previous array. The change 1n position of the logo (among
other changes 1n the data from the previous array to the
current array) can be determined and used to position/
overlay the secondary digital content on the displayed data.

[0158] Inan embodiment, method M800 can be performed
based on or until 1t 1s determined that the displayed data to
be augmented 1s no longer within the viewable area of the
display. In other words, 1f the displayed data 1s a word
processing document and the overlaying of the digital con-
tent 1s performed within a window including the word
processing document, the digital content may be delayed,
paused, or deprioritized 1, for example, the window includ-
ing the word processing document 1s no longer viewable
within the viewable area of the display, 1s minimized, or 1s
moved out of the viewable area of the display. In an
embodiment, method M800 can include an additional pre-
step that evaluates whether the window including the word
processing document 1s visible or active i order to limit
processing 1f method M800 1s not relevant.

[0159] In an example, similar to that of FIG. 8A and FIG.
8B, the first device 701 can determine that a movement of
the window or object has occurred. Based on the size of the
window, the first device 701 can determine that a portion of
the window can still remain in the viewable area of the
display and adjust a viewable portion of the window accord-
ing to the movement of the window relative to the movement

determined by the first device 701.

[0160] In both the method M600 and the method M601, 1t
may be appreciated that although the reference patch may no
longer be visible, the digital content corresponding to the
reference patch can still be displayed if the device 701
determines that a portion of a window or an object provided
in the digital content may still be visible even though the
position of the window or the object has changed.

[0161] To that end, FIG. 9 provides an illustration of a
display 902, a viewable area 903 of the display 902, and a
virtual display 901 of displayed data. In an example, the
displayed data includes a word processing document having
secondary content 909 due to detecting the embedded ret-
erence patch 104. The display 902 can include the viewable
display area 903. A current frame of the viewable area 903
includes a portion of the word processing document and a
portion of the secondary content 909. As other portions of
the word processing document have already been viewed as
current frames following scrolling of the word processing
document, and now represent previous frames, the virtual
display 901 of the word processing document includes the
portions of the word processing document that represent the
previous frames that are still visible 1n the viewable area
903. The virtual display 901 also includes the portions of the
word processing document that represent the previous
frames that are no longer visible, which, for simplicity, are
shown physically as above the visible frame.

[0162] The virtual display 901 can be 1teratively updated
as new Irames of the displayed data are viewed. In the event
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that digital content, or reference patches associated with the
digital content, becomes visible within the viewable area
903, the virtual display 901 may include spatial instructions
for generating and maintaiming an augmentation relative to
the reference patch and the current frame of the viewable
display area 903. As shown, the reference patch 104 was
previously visible. As the word processing document scrolls
down, the reference patch 104 1s no longer visible, but the
first device 701 can determine that a portion of the digital
content 909 can still remain visible in the viewable area 1n
order to provide the user with continuity while scrolling and
a smoother user experience. As such, even though the
reference patch 104 1s no longer visible, based on changing
objects detected (the digital content 909 object) in a current
frame or current array information correlated with the size
and location of the same objects detected in previous frames
or previous array information, the first device 701 can adjust
the location of the digital content 909 until the first device
701 determines that the digital object 909 should no longer
be visible.

[0163] Similarly, and again with reference to FIG. 9, the
array can be updated with location, size, and other informa-
tion of the window corresponding to the application running
the word processing document. For example, metadata
related to the pages 1n the word processing document can be
tracked and updated in the array as well (such as via the
application memory space). The information from the array
can be used to determine, for example, that the reference
patch 104 was at first visible and then was no longer visible.
Of course, the digital content 909 can be displayed upon the
reference patch 104 being visible. However, based on the
information 1n the array, the first device 701 can determine
changes of the word processing document and the digital
content 909 when scrolling occurs and adjust the size and
location of the digital content 909 accordingly.

[0164] Coupled with the metadata from the application
correlating to the word processing document, efliciency can
be increased when determining if the digital content 909
should be visible. For example, the reference patch 104 and
the corresponding digital content 909 can be displayed on a
predetermined page of the word processing document and
the metadata can incorporate this information. Upon deter-
mining the predetermined page of the word processing
document 1s no longer visible 1n the viewable area 903, the
first device 701 can cease displaying the digital content 909.
This can provide an increase 1n efliciency as compared to
comparing all differences between relevant portions of infor-
mation in the array.

[0165] Inan embodiment, based on detecting objects (e.g.,
the digital content 909, text, images, videos, and other
graphical elements, among others) moving or repositioning
in a current frame or current array compared with the
location (and/or size) of the same objects detected 1n pre-
vious frames or previous arrays, the first device 701 can
determine a change 1n the change of the objects. That 1s to
say, the first device 701 can determine an acceleration of the
objects.

[0166] Forexample, the user can be scrolling down a word
processing document and begin the scrolling slowly. As the
scrolling speed increases, the change in position of the
objects detected also increases in magnitude. For example,
a page number detected in a footer of a word document and
move 10 pixels over a first time period, then 15 pixels over
a second time period, then 20 pixels over a third time period.
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The time period can be, for example, 1 second. The accel-
eration of the page number can therefore be 5 pixels per
second per second (5 pixels/s?).

[0167] While scrolling through the middle of the word

processing document, the user may maintain a constant
scroll speed and thus the acceleration would be 0 pixels/s”.
As the user approaches a desired position in the word
processing document, the scrolling speed can begin to
decrease with a detectable deceleration. For example, the
deceleration can likely be of the same magnitude of the
acceleration, or -5 pixels/s®. Thus, the first device 701 can
record and analyze the scrolling speed to determine the
acceleration of the 1nitial scroll and the likely deceleration of
the scrolling as the user approaches the desired position in
the word processing document, at which time the first device
701 can determine the likely final position the user desires
to reach.

[0168] For example, the first device 701 can determine
that the user started scrolling slowly at page 1 of the word
processing document with constant scroll acceleration,
reached a constant scroll rate at page 3 of the word process-
ing document (1.¢. zero scroll acceleration) and maintained
the constant scroll rate until reachuing page 11, at which point
the first device 701 can detect the deceleration of the scroll
rate. At that point, the first device 701 can then determine
that the deceleration rate will likely be similar to the
acceleration rate (1.e. over 2 pages) and that the user will
stop scrolling at page 13.

[0169] Upon determining the likely final position based on
the scrolling information, the first device 701 can determine
whether any secondary digital content 1s disposed at or near
the likely final position and overlay the secondary digital
content leading up to and arriving at the likely final position.
For example, a reference patch can be disposed on page 13
of the word processing document and the first device can
retrieve and overlay the secondary digital content corre-
sponding to the reference patch on page 13 over the page 13
displayed data.

[0170] As previously noted, the above-described augmen-
tations are particularly relevant to environments where the
underlying content 1s static. Static content may include
textual documents or slide decks. Often, the static content 1s
stored locally 1n the electronic device. Due to its nature, the
static content 1s not capable of being dynamically adjusted
according to complex user interactions, in real-time, during
the user experience.

[0171] Such a dynamic environment includes one where,
for instance, a video conversation 1s occurring. A {irst
participant ol the video conversation may share his/her
screen with a second participant of the video conversation
and wish to remotely-control the digital content on a display
of a device of the second participant. By including the
reference patch within the displayed data that 1s being
shared, which may be the video 1tself or another digital 1tem,
where sharing the displayed data includes transmitting the
displayed data over a communication network from the first
participant to the second participant, the second participant
may be able to experience the digital content when the
device of the second participant receives the transmitted
displayed data and processes it for display to the user.

[0172] Generally, and as introduced 1n the above example
of a dynamic environment, the reference patch 104 can be
inserted 1into displayed data displayed on a first computer or
the first device 701. The display of the first device 701 can
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be streamed to a second computer or the third device 702. In
an example, the third device 702 decodes the streamed
display of the first device 701 and, based on the i1dentified
presence of the reference patch 104, can locally-augment the
display of the third device 702 to overlay the intended digital
content on the streamed display of the first device 701. The
design and the arrangement of the digital content can be
provided relative to the reference patch 104 placed into the
displayed data on the first device 701. The digital content
can include objects to be displayed and may be configured
to display diflerent subsets of objects based on interactions
ol a user with the digital content. The objects, therefore, may
be mteractive.

[0173] In an embodiment, a plurality of the reference
patches can be included in the displayed data. That 1s, the
display of the first device 701 need not only display just one
of the reference patches on the display at any given time. For
example, the slide deck can include three reference patches
on a single slide that 1s being displayed in the displayed data.
Each reference patch of the three reference patches can be
detected and processed by the first user device 701. In an
embodiment, the multiple reference patches can have a
priority for displaying the corresponding digital content on
the displayed data. The priority can be based on a deter-
mined theme of the displayed data detected by the first
device 701, or based on an assigned priority value, or a
combination thereof, among others. For example, a first
reference patch can be an area of the user’s face 1n an 1image
of the user 1n a slide and have the highest prionty, a second
reference patch can be an area of a logo of a company
employing the user in the slide and have the second-highest
priority (by the user device 701), and a third reference patch
can be the bottom-right arca of the slide and have the
third-highest priority. The highest priority of the first refer-
ence patch can be assigned to always have the highest
priority, while the second reference patch and the third
reference patch can have priorities that are not assigned and
thus determined by the user device 701 based on a relation
to content in the displayed data.

[0174] Embodiments of the subject matter and the func-
tional operations described 1n this specification are 1mple-
mented by processing circuitry (on one or more of devices
701-707, 850, and 1001), in tangibly embodied computer
software or firmware, 1n computer hardware, including the
structures disclosed in this specification and their structural
equivalents, or in combinations of one or more of them.
Embodiments of the subject matter described 1n this speci-
fication can be implemented as one or more computer
programs, 1.€., one or more modules of computer program
istructions encoded on a tangible non-transitory program
carrier for execution by, or to control the operation of a data
processing apparatus/device, (such as the devices of FIG. 1
or the like). The computer storage medium can be a
machine-readable storage device, a machine-readable stor-
age substrate, a random or serial access memory device, or
a combination of one or more of them.

[0175] The term *“data processing apparatus” refers to data
processing hardware and may encompass all kinds of appa-
ratus, devices, and machines for processing data, including
by way of example a programmable processor, a computer,
or multiple processors or computers. The apparatus can also
be or turther include special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (appli-
cation-specific integrated circuit). The apparatus can option-
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ally include, in addition to hardware, code that creates an
execution environment for computer programs, €.g., code
that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or a
combination of one or more of them.

[0176] A computer program, which may also be referred
to or described as a program, software, a software applica-
tion, a module, a software module, a script, or code, can be
written 1n any form of programming language, including
compiled or interpreted languages, or declarative or proce-
dural languages, and 1t can be deployed in any form,
including as a stand-alone program or as a module, compo-
nent, Subroutine, or other unit suitable for use 1n a comput-
ing environment. A computer program may, but need not,
correspond to a file 1n a file system. A program can be stored
in a portion of a {file that holds other programs or data, e.g.,
one or more scripts stored 1n a markup language document,
in a single file dedicated to the program in question, or 1n
multiple coordinated files, e.g., files that store one or more
modules, sub-programs, or portions of code. A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

[0177] The processes and logic flows described in this
specification can be performed by one or more program-
mable computers executing one or more computer programs
to perform functions by operating on input data and gener-
ating output. The processes and logic tlows can also be
performed by, and apparatus can also be implemented as,
special purpose logic circuitry, e.g., an FPGA an ASIC.

[0178] Computers suitable for the execution of a computer
program include, by way of example, general or special
purpose microprocessors or both or any other kind of central
processing unit. Generally, a CPU will recerve mnstructions
and data from a read-only memory or a random-access
memory or both. Elements of a computer are a CPU ifor
performing or executing instructions and one or more
memory devices for storing 1nstructions and data. Generally,
a computer will also 1include, or be operatively coupled to
recelve data from or transfer data to, or both, one or more
mass storage devices for storing data, €.g., magnetic, mag-
neto-optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a
personal digital assistant (PDA), a mobile audio or video
player, a game console, a Global Positioning System (GPS)
receiver, or a portable storage device, e.g., a universal serial
bus (USB) flash drive, to name just a few. Computer-
readable media suitable for storing computer program
instructions and data include all forms of non-volatile
memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g.,
internal hard disks or removable disks; magneto optical
disks; and CD-ROM and DVD-ROM disks. The processor
and the memory can be supplemented by, or incorporated 1n,
special purpose logic circuitry.

[0179] To provide for interaction with a user, embodi-
ments of the subject matter described 1n this specification
can be implemented on a computer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liqud crystal
display) monitor, for displaying information to the user and
a keyboard and a pomting device, e.g., a mouse or a
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trackball, by which the user can provide iput to the com-
puter. Other kinds of devices can be used to provide for
interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback,
e.g., visual feedback, auditory feedback, or tactile feedback;
and mput from the user can be received in any form,
including acoustic, speech, or tactile input. In addition, a
computer can interact with a user by sending documents to
and recerving documents from a device that 1s used by the
user; for example, by sending web pages to a web browser
on a user’s device 1n response to requests recerved from the
web browser.

[0180] FEmbodiments of the subject matter described 1n
this specification can be implemented 1n a computing system
that includes a back-end component, e.g., as a data server, or
that includes a middleware component, e.g., an application
server, or that includes a front-end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more Such back-end, middleware, or
front-end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e€.g., a communication network. Examples

of communication networks include a local area network
(LAN) and a wide area network (WAN), e.g., the Internet.

[0181] The computing system can include clients (user
devices) and servers. A client and server are generally
remote from each other and typically interact through a
communication network. The relationship of client and
server arises by virtue ol computer programs running on the
respective computers and having a client-server relationship
to each other. In an embodiment, a server transmits data,
e.g., an HTML page, to a user device, e.g., for purposes of
displaying data to and receiving user mput from a user
interacting with the user device, which acts as a client. Data
generated at the user device, e.g., a result of the user
interaction, can be received from the user device at the
SErver.

[0182] Electronic device 600 shown 1n FIG. 10 can be an
example of one or more of the devices shown 1n FIG. 1. In
an embodiment, the device 600 may be a smartphone.
However, the skilled artisan will appreciate that the features
described herein may be adapted to be implemented on other
devices (e.g., a laptop, a tablet, a server, an e-reader, a
camera, a navigation device, etc.). The device 600 of FIG. 10
includes processing circuitry, as discussed above. The pro-
cessing circuitry includes one or more of the elements
discussed next with reference to FIG. 10. The device 600
may include other components not explicitly illustrated in
FIG. 10 such as a CPU, GPU, main memory, frame bufler,
etc. The device 600 includes a controller 610 and a wireless
communication processor 602 connected to an antenna 601.
A speaker 604 and a microphone 605 are connected to a
voice processor 603.

[0183] The controller 610 may include one or more pro-
cessors/processing circuitry (CPU, GPU, or other circuitry)
and may control each element 1n the device 600 to perform
functions related to communication control, audio signal
processing, graphics processing, control for the audio signal
processing, still and moving image processing and control,
and other kinds of signal processing. The controller 610 may
perform these functions by executing instructions stored in
a memory 650. Alternatively, or in addition to the local
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storage of the memory 650, the functions may be executed
using instructions stored on an external device accessed on
a network or on a non-transitory computer readable medium.

[0184] The memory 650 includes but 1s not limited to
Read Only Memory (ROM), Random Access Memory
(RAM), or a memory array including a combination of
volatile and non-volatile memory units. The memory 650
may be utilized as working memory by the controller 610
while executing the processes and algorithms of the present
disclosure. Additionally, the memory 650 may be used for
long-term storage, e.g., of 1mage data and information
related thereto.

[0185] The device 600 includes a control line CL and data
line DL as internal communication bus lines. Control data
to/from the controller 610 may be transmitted through the
control line CL. The data line DL may be used for trans-
mission ol voice data, displayed data, efc.

[0186] The antenna 601 transmits/receives electromag-
netic wave signals between base stations for performing
radio-based communication, such as the various forms of
cellular telephone communication. The wireless communi-
cation processor 602 controls the communication performed
between the device 600 and other external devices via the
antenna 601. For example, the wireless communication
processor 602 may control communication between base
stations for cellular phone communication.

[0187] The speaker 604 emits an audio signal correspond-
ing to audio data supplied from the voice processor 603. The
microphone 605 detects surrounding audio and converts the
detected audio mto an audio signal. The audio signal may
then be output to the voice processor 603 for turther pro-
cessing. The wvoice processor 603 demodulates and/or
decodes the audio data read from the memory 650 or audio
data recerved by the wireless communication processor 602
and/or a short-distance wireless communication processor
607. Additionally, the voice processor 603 may decode

audio signals obtained by the microphone 605.

[0188] The exemplary device 600 may also include a
display 620, a touch panel 630, an operation key 640, and a
short-distance communication processor 607 connected to
an antenna 606. The display 620 may be an LCD), an organic
clectroluminescence display panel, or another display screen
technology. In addition to displaying still and moving image
data, the display 620 may display operational inputs, such as
numbers or 1cons which may be used for control of the
device 600. The display 620 may additionally display a GUI
for a user to control aspects of the device 600 and/or other
devices. Further, the display 620 may display characters and
images recerved by the device 600 and/or stored in the
memory 650 or accessed from an external device on a
network. For example, the device 600 may access a network
such as the Internet and display text and/or images trans-
mitted from a Web server.

[0189] The touch panel 630 may include a physical touch
panel display screen and a touch panel driver. The touch
panel 630 may include one or more touch sensors for
detecting an mput operation on an operation surface of the
touch panel display screen. The touch panel 630 also detects
a touch shape and a touch area. Used herein, the phrase
“touch operation” refers to an mput operation performed by
touching an operation surface of the touch panel display
with an mstruction object, such as a finger, thumb, or
stylus-type instrument. In the case where a stylus or the like
1s used 1 a touch operation, the stylus may include a
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conductive material at least at the tip of the stylus such that
the sensors included 1n the touch panel 630 may detect when
the stylus approaches/contacts the operation surface of the
touch panel display (similar to the case in which a finger 1s

used for the touch operation).

[0190] In certain aspects of the present disclosure, the
touch panel 630 may be disposed adjacent to the display 620
(c.g., laminated) or may be formed integrally with the
display 620. For simplicity, the present disclosure assumes
the touch panel 630 1s formed integrally with the display 620
and therefore, examples discussed herein may describe
touch operations being performed on the surface of the
display 620 rather than the touch panel 630. However, the
skilled artisan will appreciate that this 1s not limiting.

[0191] For simplicity, the present disclosure assumes the
touch panel 630 1s a capacitance-type touch panel technol-
ogy. However, 1t should be appreciated that aspects of the
present disclosure may easily be applied to other touch panel
types (e.g., resistance-type touch panels) with alternate
structures. In certain aspects of the present disclosure, the
touch panel 630 may include transparent electrode touch
sensors arranged in the X-Y direction on the surface of
transparent sensor glass.

[0192] The touch panel driver may be included i the
touch panel 630 for control processing related to the touch
panel 630, such as scanning control. For example, the touch
panel driver may scan each sensor in an electrostatic capaci-
tance transparent electrode pattern 1n the X-direction and
Y-direction and detect the electrostatic capacitance value of
cach sensor to determine when a touch operation 1s per-
formed. The touch panel driver may output a coordinate and
corresponding electrostatic capacitance value for each sen-
sor. The touch panel driver may also output a sensor
identifier that may be mapped to a coordinate on the touch
panel display screen. Additionally, the touch panel driver
and touch panel sensors may detect when an instruction
object, such as a finger 1s within a predetermined distance
from an operation surface of the touch panel display screen.
That 1s, the 1nstruction object does not necessarily need to
directly contact the operation surface of the touch panel
display screen for touch sensors to detect the instruction
object and perform processing described herein. For
example, 1n an embodiment, the touch panel 630 may detect
a position of a user’s finger around an edge of the display
panel 620 (e.g., gripping a protective case that surrounds the
display/touch panel). Signals may be transmitted by the
touch panel driver, e.g., 1n response to a detection of a touch
operation, 1n response to a query from another element based
on timed data exchange, efc.

[0193] The touch panel 630 and the display 620 may be
surrounded by a protective casing, which may also enclose
the other elements included 1n the device 600. In an embodi-
ment, a position of the user’s fingers on the protective casing
(but not directly on the surface of the display 620) may be
detected by the touch panel 630 sensors. Accordingly, the
controller 610 may perform display control processing
described herein based on the detected position of the user’s
fingers gripping the casing. For example, an element 1n an
interface may be moved to a new location within the
interface (e.g., closer to one or more of the fingers) based on
the detected finger position.

[0194] Further, 1n an embodiment, the controller 610 may
be configured to detect which hand 1s holding the device
600, based on the detected finger position. For example, the




US 2022/0327748 Al

touch panel 630 sensors may detect a plurality of fingers on
the left side of the device 600 (e.g., on an edge of the display
620 or on the protective casing), and detect a single finger
on the right side of the device 600. In this exemplary
scenar1o, the controller 610 may determine that the user 1s
holding the device 600 with his/her right hand because the
detected grip pattern corresponds to an expected pattern
when the device 600 1s held only with the right hand.

[0195] The operation key 640 may include one or more
buttons or similar external control elements, which may
generate an operation signal based on a detected input by the
user. In addition to outputs from the touch panel 630, these
operation signals may be supplied to the controller 610 for
performing related processing and control. In certain aspects
of the present disclosure, the processing and/or functions
associated with external buttons and the like may be per-
tformed by the controller 610 in response to an mput opera-
tion on the touch panel 630 display screen rather than the
external button, key, etc. In this way, external buttons on the
device 600 may be eliminated 1n lieu of performing inputs
via touch operations, thereby improving watertightness.

[0196] The antenna 606 may transmit/receive electromag-
netic wave signals to/from other external apparatuses, and
the short-distance wireless communication processor 607
may control the wireless communication performed between
the other external apparatuses. Bluetooth, IEEE 802.11, and
near-field communication (NFC) are non-limiting examples
of wireless communication protocols that may be used for
inter-device communication via the short-distance wireless
communication processor 607.

[0197] The device 600 may include a motion sensor 608.
The motion sensor 608 may detect features of motion (i.e.,
one or more movements) of the device 600. For example, the
motion sensor 608 may include an accelerometer to detect
acceleration, a gyroscope to detect angular velocity, a geo-
magnetic sensor to detect direction, a geo-location sensor to
detect location, etc., or a combination thereof to detect
motion of the device 600. In an embodiment, the motion
sensor 608 may generate a detection signal that includes data
representing the detected motion. For example, the motion
sensor 608 may determine a number of distinct movements
in a motion (e.g., from start of the series of movements to the
stop, within a predetermined time interval, etc.), a number of
physical shocks on the device 600 (e.g., a jarring, hitting,
etc., of the electronic device), a speed and/or acceleration of
the motion (instantaneous and/or temporal), or other motion
teatures. The detected motion features may be included 1n
the generated detection signal. The detection signal may be
transmitted, e.g., to the controller 610, whereby further
processing may be performed based on data included in the
detection signal. The motion sensor 608 can work 1n con-
junction with a Global Positioming System (GPS) section
660. The information of the present position detected by the
GPS section 660 i1s transmitted to the controller 610. An
antenna 661 1s connected to the GPS section 660 for
receiving and transmitting signals to and from a GPS
satellite.

[0198] The device 600 may include a camera section 609,
which includes a lens and shutter for capturing photographs
of the surroundings around the device 600. In an embodi-
ment, the camera section 609 captures surroundings of an
opposite side of the device 600 from the user. The 1images of
the captured photographs can be displayed on the display
panel 620. A memory section saves the captured photo-
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graphs. The memory section may reside within the camera
section 609 or it may be part of the memory 650. The camera
section 609 can be a separate feature attached to the device
600 or it can be a built-in camera feature.

[0199] An example of a type of computer 1s shown 1n FIG.
11. The computer 700 can be used for the operations
described in association with any of the computer-imple-
ment methods described previously, according to one imple-
mentation. For example, the computer 700 can be an
example of devices 701, 702, 70, 1001, or a server (such as
device 850). The computer 700 includes processing cir-
cuitry, as discussed above. The device 850 may include other
components not explicitly illustrated 1n FIG. 11 such as a
CPU, GPU, main memory, {frame bufler, etc. The processing
circuitry 1ncludes one or more of the elements discussed
next with reference to FI1G. 11. In FIG. 11, the computer 700
includes a processor 710, a memory 720, a storage device
730, and an mput/output device 740. Each of the compo-
nents 710, 720, 730, and 740 are interconnected using a
system bus 7350. The processor 710 1s capable of processing
instructions for execution within the system 700. In one
implementation, the processor 710 1s a single-threaded pro-
cessor. In another implementation, the processor 710 1s a
multi-threaded processor. The processor 710 1s capable of
processing 1nstructions stored 1in the memory 720 or on the
storage device 730 to display graphical information for a
user interface on the input/output device 740.

[0200] The memory 720 stores information within the
computer 700. In one implementation, the memory 720 1s a
computer-readable medium. In one implementation, the
memory 720 1s a volatile memory. In another implementa-
tion, the memory 720 i1s a non-volatile memory.

[0201] The storage device 730 1s capable of providing
mass storage for the system 700. In one implementation, the
storage device 730 1s a computer-readable medium. In
various different implementations, the storage device 730
may be a floppy disk device, a hard disk device, an optical
disk device, or a tape device.

[0202] The mput/output device 740 provides input/output
operations for the computer 700. In one implementation, the
input/output device 740 includes a keyboard and/or pointing
device. In another implementation, the mput/output device
740 includes a display for displaying graphical user inter-
faces.

[0203] Next, a hardware description of a device 801
according to exemplary embodiments i1s described with
reference to FIG. 12. In FIG. 12, the device 801, which can
be the above described devices of FIG. 1, includes process-
ing circuitry, as discussed above. The processing circuitry
includes one or more of the elements discussed next with
reference to FIG. 12. The device 1201 may include other
components not explicitly illustrated i FIG. 12 such as a
CPU, GPU, main memory, frame butler, etc. In FIG. 12, the
device 801 includes a CPU 800 which performs the pro-
cesses described above/below. The process data and mstruc-
tions may be stored 1n memory 802. These processes and
istructions may also be stored on a storage medium disk
804 such as a hard drive (HDD) or portable storage medium
or may be stored remotely. Further, the claimed advance-
ments are not limited by the form of the computer-readable
media on which the mstructions of the inventive process are
stored. For example, the mnstructions may be stored on CDs,

DVDs, in FLASH memory, RAM, ROM, PROM, EPROM,
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EEPROM, hard disk or any other information processing
device with which the device communicates, such as a
server or computer.

[0204] Further, the claimed advancements may be pro-
vided as a utility application, background daemon, or com-
ponent of an operating system, or combination thereof,
executing 1n conjunction with CPU 800 and an operating
system such as Microsoit Windows, UNIX, Solaris, LINUX,
Apple MAC-OS and other systems known to those skilled in
the art.

[0205] The hardware elements 1n order to achieve the
device may be realized by various circuitry elements, known
to those skilled 1n the art. For example, CPU 800 may be a
Xenon or Core processor from Intel of America or an
Opteron processor from AMD of America, or may be other
processor types that would be recognized by one of ordinary
skill 1n the art. Alternatively, the CPU 800 may be imple-
mented on an FPGA, ASIC, PLD or using discrete logic
circuits, as one of ordinary skill in the art would recognize.
Further, CPU 800 may be implemented as multiple proces-
sors cooperatively working in parallel to perform the
instructions of the processes described above. CPU 800 can
be an example of the CPU illustrated 1n each of the devices

of FIG. 1.

[0206] The device 801 1n FIG. 12 also includes a network
controller 806, such as an Intel Ethernet PRO network
interface card from Intel Corporation of America, for inter-
tacing with the network 851 (also shown in FIG. 1), and to
communicate with the other devices of FIG. 1. As can be
appreciated, the network 851 can be a public network, such
as the Internet, or a private network such as an LAN or WAN
network, or any combination thereof and can also include
PSTN or ISDN sub-networks. The network 851 can also be
wired, such as an Fthernet network, or can be wireless such
as a cellular network including EDGE, 3G, 4G and 5G
wireless cellular systems. The wireless network can also be
WiF1, Bluetooth, or any other wireless form of communi-
cation that 1s known.

[0207] The device further includes a display controller
808, such as a NVIDIA GeForce GTX or Quadro graphics
adaptor from NVIDIA Corporation of America for interfac-
ing with display 810, such as an LCD monitor. A general
purpose /O interface 812 interfaces with a keyboard and/or
mouse 814 as well as a touch screen panel 816 on or separate
from display 810. General purpose I/O interface also con-
nects to a variety of peripherals 818 including printers and
scanners.

[0208] A sound controller 820 1s also provided in the
device to interface with speakers/microphone 822 thereby
providing sounds and/or music.

[0209] The general-purpose storage controller 824 con-
nects the storage medium disk 804 with communication bus
826, which may be an ISA, EISA, VESA, PCI, or similar, for
interconnecting all of the components of the device. A
description of the general features and functionality of the
display 810, keyboard and/or mouse 814, as well as the
display controller 808, storage controller 824, network con-
troller 806, sound controller 820, and general purpose 1/O
interface 812 1s omitted herein for brevity as these features
are known.

[0210] As shown in FIG. 13, in some embodiments, one or
more of the disclosed functions and capabilities may be used
to enable a volumetric composite of content-activated layers
of Transparent Computing, content-agnostic layers of Trans-
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parent Computing and/or camera-captured layers of Trans-
parent Computing placed visibly behind 2-dimensional or
3-dimensional content displayed on screens, placed in front
of 2-dimensional or 3-dimensional content displayed on
screens, placed mside of 3-dimensional content displayed on
screens and/or placed virtually outside of the display of
screens. Users can interact via Touchless Computing with
any layer 1n a volumetric composite of layers of Transparent
Computing wherein a user’s gaze, gestures, movements,
position, orientation, or other characteristics observed by a
camera are used as the basis for selecting and interacting
with objects in any layer in the volumetric composite of
layers of Transparent Computing to execute processes on
computing devices.

[0211] Insome embodiments, one or more of the disclosed
functions and capabilities may be used to enable users to see
a volumetric composite of layers of Transparent Computing
from a 360-degree Optical Lenticular Perspective wherein a
user’s gaze, gestures, movements, position, orientation, or
other characteristics observed by cameras are a basis to
calculate, derive and/or predict the 360-degree Optical Len-
ticular Perspective from which users see the volumetric
composite of layers of Transparent Computing displayed on
screens. Further, users can engage with a 3-dimensional
virtual environment displayed on screens consisting of lay-
ers of Transparent Computing placed behind the 3-dimen-
sional virtual environment displayed on screens, placed 1n
front of a 3-dimensional virtual environment displayed on
screens, and/or placed inside of the a 3-dimensional virtual
environment displayed on screens wherein users can select
and imteract with objects 1n any layer of Transparent Com-
puting to execute processes on computing devices while
looking at the combination of the 3-dimensional virtual
environment and the volumetric composite of layers of
Transparent Computing from any angle of the 360-degree
Optical Lenticular Perspective available to users.

[0212] Obviously, numerous modifications and variations
are possible 1n light of the above teachings. It 1s therefore to
be understood that within the scope of the appended claims,
embodiments of the present disclosure may be practiced
otherwise than as specifically described herein.

[0213] FEmbodiments of the present disclosure may also be
as set forth in the following description.

[0214] An apparatus, including: processing circuitry,
including a graphics processing unit (GPU), configured to
access a frame bufler of the GPU, analyze, in the frame
bufler of the GPU, a first frame representing a {irst section
of a stream of displayed data that 1s being displayed by the
apparatus, the first frame including secondary digital con-
tent, analyze, 1n the frame builer of the GPU, a second frame
representing a second section of the stream of the displayed
data that 1s being displayed by the apparatus, the second
frame 1ncluding the secondary digital content, determine a
change 1n a position of the secondary digital content from
the first frame to the second frame based on a comparison
between the first frame and the second frame of the dis-
played data, and overlay the secondary digital content 1n the
second frame of the displayed data based on the determined
change 1n the position of the secondary digital content.

[0215] In an embodiment, the processing circuitry 1s con-
figured to store the determined change in position of the
secondary digital content in the first frame of the displayed
data, analyze, in the frame bufler of the GPU, a third frame
representing a third section of the stream of the displayed
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data that 1s being displayed by the apparatus, the third frame
including the secondary digital content, re-determine an
updated change in the position of the secondary digital
content from the first frame to the third frame based on the
calculated overlap between the first frame, the second frame,
and the third frame of the displayed data, construct a stream
of the determined changes 1n position of the secondary
digital content, and storing the stream of the determined
changes 1n position of the secondary digital content as a
virtual display.

[0216] In an embodiment, the processing circuitry 1s fur-
ther configured to i1dentily, 1n the frame bufler of the GPU,
a reference patch that includes a unique identifier associated
with an available area 1n which the secondary digital content
1s 1sertable 1n the displayed data that 1s being displayed by
the apparatus, the unique i1dentifier including encoded data
that identifies the secondary digital content, a location
address of the secondary digital content at a remote device,
a screen position within the available area at which the
secondary digital content 1s 1nsertable 1n the displayed data,
and a size of the secondary digital content when 1nserted 1n
the displayed data, store a first location of the reference
patch in the first frame and a second location of the reference
patch 1 the second frame, obtain the first location of the
reference patch in the first frame and the second location of
the reference patch in the second frame, and determine an
updated location of the reference patch 1n the displayed data
based on a change of the first location to the second location.

[0217] In an embodiment, the processing circuitry 1s fur-
ther configured to overlay the secondary digital content in
the second frame of the displayed data relative to an updated
ocation of the reference patch.

[0218] In an embodiment, the processing circuitry 1s fur-
ther configured to determine the change 1n the position of the
secondary digital content from the first frame to the second
frame of the displayed data by calculating an overlap
between the first frame and the second frame.

[0219] In an embodiment, the processing circuitry 1s fur-
ther configured to determine the change 1n the position of the
secondary digital content from the first frame to the second
frame of the displayed data by calculating a diflerence
between the first frame and the second frame.

[0220] In an embodiment, the processing circuitry 1s fur-
ther configured to determine a change in a size of the
secondary digital content from the first frame to the second
frame based on a comparison between the first frame and the
second frame of the displayed data, and determine a visibil-
ity of the secondary digital content based on the change 1n
the location and the size of the secondary digital content
from the first frame to the second frame.

[0221] A method, including: accessing a frame bufler of a
graphics processing unit (GPU), analyzing, in the frame
builer of the GPU, a first frame representing a first section
of a stream of displayed data that 1s being displayed by the
apparatus, the first frame including secondary digital con-
tent, analyzing, in the frame bufler of the GPU, a second
frame representing a second section of the stream of the
displayed data that 1s being displayed by the apparatus, the
second frame 1ncluding the secondary digital content, deter-
mimng a change in a position of the secondary digital
content from the first frame to the second frame based on a
comparison between the first frame and the second frame of

the displayed data, and overlaying the secondary digital
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content 1n the second frame of the displayed data based on
the determined change in the position of the secondary
digital content.

[0222] In an embodiment, the method further comprises
storing the determined change in position of the secondary
digital content in the first frame of the displayed data,
analyzing, 1n the frame bufler of the GPU, a third frame
representing a third section of the stream of the displayed
data that 1s being displayed by the apparatus, the third frame
including the secondary digital content, re-determining an
updated change in the position of the secondary digital
content from the first frame to the third frame based on the
calculated overlap between the first frame, the second frame,
and the third frame of the displayed data, constructing a
stream of the determined changes 1n position of the second-
ary digital content, and storing the stream of the determined
changes 1n position of the secondary digital content as a
virtual display.

[0223] In an embodiment, the method further comprises
identifving, 1n the frame buller of the GPU, a reference patch
that includes a unique 1dentifier associated with an available
area 1n which the secondary digital content 1s insertable 1n
the displayed data that 1s being displayed by the apparatus,
the unique 1dentifier including encoded data that identifies
the secondary digital content, a location address of the
secondary digital content at a remote device, a screen
position within the available area at which the secondary
digital content 1s 1nsertable in the displayed data, and a size
of the secondary digital content when inserted in the dis-
played data, storing a first location of the reference patch in
the first frame and a second location of the reference patch
in the second frame, obtaining the first location of the
reference patch in the first frame and the second location of
the reference patch 1n the second frame, and determining an
updated location of the reference patch in the displayed data
based on a change of the first location to the second location.

[0224] In an embodiment, the method further comprises
overlaying the secondary digital content in the second frame
of the displayed data relative to an updated location of the
reference patch.

[0225] In an embodiment, the method further comprises
determining the change in the position of the secondary
digital content from the first frame to the second frame of the
displayed data by calculating an overlap between the first
frame and the second frame.

[0226] In an embodiment, the method further comprises
determining the change in the position of the secondary
digital content from the first frame to the second frame of the
displayed data by calculating a difference between the first
frame and the second frame.

[0227] In an embodiment, the method further comprises
determining a change 1 a size of the secondary digital
content from the first frame to the second frame based on a
comparison between the first frame and the second frame of
the displayed data, and determining a wvisibility of the
secondary digital content based on the change 1n the location
and the size of the secondary digital content from the first
frame to the second frame.

[0228] A non-transitory computer-readable storage
medium for storing computer-readable instructions that,
when executed by a computer, cause the computer to per-
form a method, the method comprising: accessing a frame
bufler of a graphics processing unit (GPU), analyzing, in the
frame bufler of the GPU, a first frame representing a first
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section of a stream of displayed data that 1s being displayed
by the apparatus, the first frame including secondary digital
content, analyzing, in the frame bufler of the GPU, a second
frame representing a second section of the stream of the
displayed data that 1s being displayed by the apparatus, the
second frame including the secondary digital content, deter-
miming a change in a position of the secondary digital
content from the first frame to the second {frame based on a
comparison between the first frame and the second frame of
the displayed data, and overlaying the secondary digital
content 1n the second frame of the displayed data based on
the determined change in the position of the secondary
digital content.

[0229] In an embodiment, the method performed by the
computer further comprises storing the determined change
in position of the secondary digital content in the first frame
of the displayed data, analyzing, in the frame bufler of the
GPU, a third frame representing a third section of the stream
of the displayed data that 1s being displayed by the appara-
tus, the third frame including the secondary digital content,
re-determining an updated change in the position of the
secondary digital content from the first frame to the third
frame based on the calculated overlap between the first
frame, the second frame, and the third frame of the displayed
data, constructing a stream of the determined changes 1n
position of the secondary digital content, and storing the
stream of the determined changes 1n position of the second-
ary digital content as a virtual display.

[0230] In an embodiment, the method performed by the
computer further comprises identifying, in the frame builer
of the GPU, a reference patch that includes a unique
identifier associated with an available area 1n which the
secondary digital content 1s insertable 1n the displayed data
that 1s being displayed by the apparatus, the unique 1dentifier
including encoded data that identifies the secondary digital
content, a location address of the secondary digital content
at a remote device, a screen position within the available
area at which the secondary digital content 1s insertable 1n
the displayed data, and a size of the secondary digital
content when mserted 1n the displayed data, storing a first
location of the reference patch 1n the first frame and a second
location of the reference patch 1n the second frame, obtain-
ing the first location of the reference patch 1n the first frame
and the second location of the reference patch in the second
frame, and determining an updated location of the reference
patch in the displayed data based on a change of the first
location to the second location.

[0231] In an embodiment, the method performed by the
computer further comprises overlaying the secondary digital
content 1n the second frame of the displayed data relative to
an updated location of the reference patch.

[0232] In an embodiment, the method performed by the
computer further comprises determining the change in the
position of the secondary digital content from the first frame
to the second frame of the displayed data by calculating an
overlap between the first frame and the second frame.

[0233] In an embodiment, the method performed by the
computer further comprises determining the change 1n the
position of the secondary digital content from the first frame
to the second frame of the displayed data by calculating a
difference between the first frame and the second frame.

[0234] A method, including: accessing a memory of the
apparatus, the memory including a computing memory and
an operating system (OS) memory, the computing memory
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being allocated to a software application, integrating data
corresponding to the OS memory space and data corre-
sponding to the computing memory space to an array,
monitoring, in the array and via the processing circuitry, a
first s1ze and a first location of secondary digital content, the
secondary digital content being insertable 1n displayed data
that 1s being displayed by the apparatus, upon detecting a
change in the first size or the first position of the secondary
digital content in the displayed data, determining, via the
processing circuitry, a second size and a second position of
the secondary digital content based on the change 1n the first
size and the first location of the secondary content, and
overlaying, via the processing circuitry, the secondary digi-
tal content 1n the displayed data based on the determined
second size and the determined second position of the
secondary digital content.

[0235] While this specification contains many specific
implementation details, these should not be construed as
limitations on the scope of what may be claimed, but rather
as descriptions of features that may be specific to particular
embodiments.

[0236] Certain features that are described in this specifi-
cation in the context of separate embodiments can also be
implemented in combination 1n a single embodiment. Con-
versely, various features that are described 1n the context of
a single embodiment can also be implemented 1n multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
acting in certain combinations and even 1mtially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.

[0237] Smmilarly, while operations are depicted in the
drawings 1n a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or i sequential order, or that all 1llus-
trated operations be performed, to achueve desirable results.
In certain circumstances, multitasking and parallel process-
ing may be advantageous. Moreover, the separation of
vartous system modules and components 1n the embodi-
ments described above should not be understood as requir-
ing such separation in all embodiments, and it should be
understood that the described program components and
systems can generally be integrated together in a single
soltware product or packaged mto multiple software prod-
ucts.

[0238] Particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
the following claims. For example, the actions recited in the
claims can be performed 1n a different order and still achieve
desirable results. As one example, the processes depicted 1n
the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve
desirable results. In some cases, multitasking and parallel
processing may be advantageous.

[0239] Thus, the foregoing discussion discloses and
describes merely exemplary embodiments of the present
disclosure. As will be understood by those skilled 1n the art,
the present disclosure may be embodied in other specific
forms without departing from the spirit thereof. Accordingly,
the disclosure of the present disclosure 1s intended to be
illustrative, but not limiting of the scope of the disclosure, as
well as other claims. The disclosure, including any readily
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discernible variants of the teachings herein, defines, 1n part,
the scope of the foregoing claim terminology such that no
inventive subject matter 1s dedicated to the public.
1. An apparatus, comprising:
processing circuitry, including a graphics processing unit
(GPU), configured to
access a frame buffer of the GPU,
analyze, 1n the frame bufller of the GPU, a first frame
representing a first section of a stream of displayed
data that 1s being displayed by the apparatus, the first
frame including secondary digital content,
analyze, 1n the frame builer of the GPU, a second frame
representing a second section of the stream of the
displayed data that 1s being displayed by the appa-
ratus, the second frame including the secondary
digital content,
determine a change 1n a position of the secondary
digital content from the first frame to the second
frame based on a comparison between the first frame
and the second frame of the displayed data, and
overlay the secondary digital content in the second
frame of the displayed data based on the determined
change 1n the position of the secondary digital con-
tent.
2. The apparatus of claim 1, wherein the processing
circuitry 1s configured to
store the determined change 1n position of the secondary
digital content in the first frame of the displayed data,
analyze, in the frame bufler of the GPU, a third frame
representing a third section of the stream of the dis-
played data that 1s being displayed by the apparatus, the
third frame including the secondary digital content,
re-determine an updated change in the position of the
secondary digital content from the first frame to the
third frame based on the calculated overlap between the
first frame, the second frame, and the third frame of the
displayed data,
construct a stream of the determined changes 1n position
of the secondary digital content, and
store the stream of the determined changes in position of
the secondary digital content as a virtual display.
3. The apparatus of claim 1, wherein the processing
circuitry 1s further configured to
identily, in the frame bufler of the GPU, a reference patch
that includes a unique i1dentifier associated with an
available area 1n which the secondary digital content i1s
insertable 1 the displayed data that 1s being displayed
by the apparatus, the unique identifier including
encoded data that identifies the secondary digital con-
tent, a location address of the secondary digital content
at a remote device, a screen position within the avail-
able area at which the secondary digital content 1s
insertable 1 the displayed data, and a size of the
secondary digital content when inserted in the dis-
played data,
store a first location of the reference patch in the first
frame and a second location of the reference patch 1n
the second frame,
obtain the first location of the reference patch in the first
frame and the second location of the reference patch 1n
the second frame, and
determine an updated location of the reference patch in
the displayed data based on a change of the first
location to the second location.
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4. The apparatus of claim 3, wherein the processing
circuitry 1s further configured to overlay the secondary
digital content 1n the second frame of the displayed data
relative to an updated location of the reference patch.

5. The apparatus of claim 1, wherein the processing
circuitry 1s further configured to determine the change 1n the
position of the secondary digital content from the first frame
to the second frame of the displayed data by calculating an
overlap between the first frame and the second frame.

6. The apparatus of claim 1, wherein the processing
circuitry 1s further configured to determine the change 1n the
position of the secondary digital content from the first frame
to the second frame of the displayed data by calculating a
difference between the first frame and the second frame.

7. The apparatus of claim 1, wherein the processing
circuitry 1s further configured to

determine a change 1n a size of the secondary digital

content from the first frame to the second frame based
on a comparison between the first frame and the second
frame of the displayed data, and

determine a visibility of the secondary digital content

based on the change 1n the location and the size of the
secondary digital content from the first frame to the
second frame.
8. A method, comprising;:
accessing a frame bufller of a graphics processing unit
(GPU),

analyzing, 1n the frame bufler of the GPU, a first frame
representing a first section of a stream of displayed data
that 1s being displayed by the apparatus, the first frame
including secondary digital content,

analyzing, in the frame bufler of the GPU, a second frame

representing a second section of the stream of the
displayed data that 1s being displayed by the apparatus,
the second frame including the secondary digital con-
tent,

determiming a change in a position of the secondary

digital content from the first frame to the second frame
based on a comparison between the first frame and the
second frame of the displayed data, and

overlaying the secondary digital content 1in the second

frame of the displayed data based on the determined
change in the position of the secondary digital content.

9. The method of claim 8, further comprising

storing the determined change 1n position of the second-

ary digital content 1n the first frame of the displayed
data,
analyzing, 1n the frame bufler of the GPU, a third frame
representing a third section of the stream of the dis-
played data that 1s being displayed by the apparatus, the
third frame including the secondary digital content,

re-determining an updated change in the position of the
secondary digital content from the first frame to the
third frame based on the calculated overlap between the
first frame, the second frame, and the third frame of the
displayed data,

constructing a stream of the determined changes 1n posi-

tion of the secondary digital content, and

storing the stream of the determined changes 1n position

of the secondary digital content as a virtual display.

10. The method of claim 8, further comprising

identifying, 1n the frame bufler of the GPU, a reference
patch that includes a unique identifier associated with
an available area in which the secondary digital content
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1s 1nsertable in the displayed data that 1s being dis-
played by the apparatus, the unique 1dentifier including
encoded data that identifies the secondary digital con-
tent, a location address of the secondary digital content
at a remote device, a screen position within the avail-
able area at which the secondary digital content 1s
insertable 1 the displayed data, and a size of the
secondary digital content when inserted in the dis-
played data,

storing a first location of the reference patch in the first

frame and a second location of the reference patch 1n
the second frame,

obtaining the first location of the reference patch in the

first frame and the second location of the reference
patch 1n the second frame, and

determining an updated location of the reference patch in

the displayed data based on a change of the first
location to the second location.

11. The method of claim 10, further comprising overlay-
ing the secondary digital content 1n the second frame of the
displayed data relative to an updated location of the refer-
ence patch.

12. The method of claim 8, further comprising determin-
ing the change in the position of the secondary digital
content from the first frame to the second frame of the
displayed data by calculating an overlap between the first
frame and the second frame.

13. The method of claim 8, further comprising determin-
ing the change in the position of the secondary digital
content from the first frame to the second frame of the
displayed data by calculating a difference between the {first
frame and the second frame.

14. The method of claim 8, further comprising

determining a change in a size of the secondary digital

content from the first frame to the second frame based
on a comparison between the first frame and the second
frame of the displayed data, and

determining a visibility of the secondary digital content

based on the change in the location and the size of the
secondary digital content from the first frame to the
second frame.
15. A non-transitory computer-readable storage medium
for storing computer-readable instructions that, when
executed by a computer, cause the computer to perform a
method, the method comprising;
accessing a frame bufller of a graphics processing unit
(GPU),

analyzing, in the frame bufler of the GPU, a first frame
representing a first section of a stream of displayed data
that 1s being displayed by the apparatus, the first frame
including secondary digital content,

analyzing, 1n the frame buller of the GPU, a second frame

representing a second section of the stream of the
displayed data that 1s being displayed by the apparatus,
the second frame including the secondary digital con-
tent,

determining a change 1 a position of the secondary

digital content from the first {frame to the second frame
based on a comparison between the first frame and the
second frame of the displayed data, and

overlaying the secondary digital content in the second

frame of the displayed data based on the determined
change 1n the position of the secondary digital content.
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16. The non-transitory computer-readable storage
medium according to claim 15, wherein the method further
comprises

storing the determined change 1n position of the second-

ary digital content 1n the first frame of the displayed
data,

analyzing, 1n the frame bufler of the GPU, a third frame
representing a third section of the stream of the dis-
played data that 1s being displayed by the apparatus, the
third frame including the secondary digital content,

re-determining an updated change in the position of the
secondary digital content from the first frame to the
third frame based on the calculated overlap between the
first frame, the second frame, and the third frame of the
displayed data,

constructing a stream of the determined changes 1n posi-
tion of the secondary digital content, and

storing the stream of the determined changes 1n position
of the secondary digital content as a virtual display.

17. The non-transitory computer-readable storage
medium according to claim 15, wherein the method further
comprises

identifying, 1n the frame bufler of the GPU, a reference
patch that includes a unique identifier associated with
an available area in which the secondary digital content
1s 1nsertable in the displayed data that 1s being dis-
played by the apparatus, the unique 1dentifier including
encoded data that identifies the secondary digital con-
tent, a location address of the secondary digital content
at a remote device, a screen position within the avail-
able area at which the secondary digital content is
insertable 1 the displayed data, and a size of the
secondary digital content when inserted in the dis-
played data,

storing a {irst location of the reference patch in the first
frame and a second location of the reference patch 1n
the second frame,

obtaining the first location of the reference patch 1n the
first frame and the second location of the reference
patch 1n the second frame, and

determining an updated location of the reference patch 1n
the displayed data based on a change of the first
location to the second location.

18. The non-transitory computer-readable storage
medium according to claim 17, wherein the method further
comprises overlaying the secondary digital content in the
second frame of the displayed data relative to an updated
location of the reference patch.

19. The non-transitory computer-readable storage
medium according to claim 15, wherein the method further
comprises determining the change in the position of the
secondary digital content from the first frame to the second
frame of the displayed data by calculating an overlap
between the first frame and the second frame.

20. The non-transitory computer-readable storage
medium according to claim 15, wherein the method further
comprises determiming the change in the position of the

secondary digital content from the first frame to the second
frame of the displayed data by calculating a difference

between the first frame and the second trame.
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