US 20070222779A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2007/0222779 A1l
Fastert et al. 43) Pub. Date: Sep. 27, 2007

(54) SYSTEM, METHOD, AND APPARATUS FOR (22) Filed: Dec. 21, 2006
CONTENT DELIVERY FORMAT CONTROL Related U.S. Application Data

(75) Inventors: Steven S. Fastert, Chelmsford, (60) Provisional application No. 60/785,269, filed on Mar.
MA (US); Bhavin Patel, Jamaica 24, 2006.
Plain, MA (US); Samuel J. Publication Classification
MacMullan, Carlisle, MA (US);
Tandhoni S. Rao, Ashland, MA (51) Imt. Cl
(US) GO6T 1/00 (2006.01)
(52) US. CL oo 345/418
Correspondence Address: 57 ABSTRACT
FIALA & WEAVER, P.L.L.C. . L
C/O INTELLEVATE The present invention is directed to a system, method and
P.O. BOX 52050 apparatus for implementing a content delivery system that
MINNEAPOLIS, MN 55402 includes at least one bi-directional distribution system

between a generalized content source and a generalized
content sink. The bi-directional distribution system enables
the content source and the content sink to coordinate with
each other to determine the capabilities of the content
distribution system, the content source, and the content sink,

(73) Assignee: Radiospire Networks, Inc.,
Concord, MA (US)

(21) Appl. No.: 11/642,887 and to best control the content format accordingly.
300
'/\/

Content Source

issues “display” Di
capabilities query ~Play Capapijise, Query? .
to Content Sink ! Content Sink
302 responds with

“display” capabilities

: . onse
pilities ReSP
Content Source issues Display C2P2 304
transmission

capabilities/quality

Tran fear
query to Content Sink Smission

Quality g 2oiltes/
ery?
M; Content Sink respends

308 ality with transmission
capabilities and/or

rce formats ission G S
Co?;eer:itias for g(;timal W quality indicator
transmission to and 308

display on Content Sink
Content Delivery

Content Source

" . 310
periodically issues T .
transmission ansmissjon Capabig
capabilities/quality Quaility Quer » es/ _
query Content Sink responds

312 with transmission

. bi\'\t'\ele‘-‘a“W an

Content Source decides Trans\'“"ss‘on Ca‘:)?\se capa?n,tl‘ezlan:ilof
whether to halt content M quality indicator
delivery and reformat

media for optimal delivery
to Content Sink based

upon current transmission Content Delivery

capabilities and/or quality

IPR2025-01310; Samsung
Ex. 1006 - Page 1



US 2007/0222779 Al

Sep. 27,2007 Sheet 1 of 13

Patent Application Publication

8Ll 9Ll

—~ —~
Ae|dsiq sodepy
)V o7g) ) cIPen

JUIS
NUIS JUBUOD
\/\
143"
0oL

} "OId

cll

wajsAg
uonnqguisig

|oJ3u0D) pue

uoneinbiyuo)

waysAg
uonnqysig
Jusjuo)

oLt

Eoumzm. uonnqLIsI(q

901 140)"
S~ —~
[~
_MMMW,_< B Jojelsuac)
| sounog aa®

901N0g 1UAUO))

~
¢olL

IPR2025-01310; Samsung

Ex. 1006 - Page 2



US 2007/0222779 Al

Sep. 27,2007 Sheet 2 of 13

Patent Application Publication

Joyeaipul Ayenb
Jo/pue sayljiqeded
uoIssiwsuel) Yym
spuodsal 3uIS jJuajuo)

sanljiqedeo Aeidsip,
Uum spuodsal
NUIS JUBJUOD)

¢ Old

0l¢c

=

002

A1aAlp g Jusjuo)

YUIS Juduoy uo Aeidsip
pue 0} uoIssiwsuel)
jewndo Joj eipaws
S)ew.lo} 821N0Sg JUdIL0)D

YUIS Judjuo)) o} Ausnb
Ayenbysaniiqedes
UOISSIWSURI] SANSS|

92IN0G Jusjuo)

HUIS JUsju0Y 0)
Asanb saniqedeo
Ae(dsip, sanssi
90IN0Sg JUdU0D

IPR2025-01310; Samsung

Ex. 1006 - Page 3



Patent Application Publication

Content Source
issues “display”
capabilities query
to Content Sink

Content Source issues
transmission
capabilities/quality
query to Content Sink

Content Source formats
media for optimal
transmission to and
display on Content Sink

Content Source
periodically issues
transmission
capabilities/quality
query

Content Source decides
whether to halt content
delivery and reformat
media for optimal delivery
to Content Sink based
upon current transmission
capabilities and/or quality

Sep. 27,2007 Sheet 3 of 13

300

Content Delivery

<
—
310

88Ion Capapifis
Qualit QUe‘:as llities/

312 .
on Capab'\\'\ﬁesIQua\\ty

Transmisst  espOnSe /\/
314

Content Delivery

]

FIG. 3

US 2007/0222779 Al

Content Sink
responds with
“display” capabilities

Content Sink responds
with transmission
capabilities and/or

quality indicator

Content Sink responds
with transmission
capabilities and/or

quality indicator

IPR2025-01310; Samsung
Ex. 1006 - Page 4



US 2007/0222779 Al

Sep. 27,2007 Sheet 4 of 13

Patent Application Publication

¥ "'Old

(leuonosiip-1g)
Ui 0aa-3/00a

YUIS JUBUO
NI 0
[AN %
\/\
ayoen Jowan HIAAIFOSNVEL
aig3-3/aia3 20a-3/20a
~ 8Ly
Zcvy
d
Eleq doaH
¥3AIZ03Y
vev vy SaWL

Aejdsiq wsu0n

(leuogoaiip-un)

AU SANL

Sanog ueod ocy

90 .
aiged

\/I\
14007

IANQ/INGH

00¥

80P

(019% 4 ocv
r\uj \/I\
YIAITOSNWVAUL | o o
200-3/9aa YITIOHUINOD
9 wv
D
dOaH Elea

SAnlL

4————— JuUdu0D
YILLINSNVYL \

¢y Ve

J0JeIaUa9) JUBUOD

—
cov

IPR2025-01310; Samsung

Ex. 1006 - Page 5



US 2007/0222779 Al

Sep. 27,2007 Sheet 5 of 13

Patent Application Publication

S "OId

(jeuondaip
-1g) yur jonuod
pue uoneinbyuod

90§

N2 A

4

sy FUIS WUSUOD 0z5
Ae|dsiq jusyuo) 191depy
il 434 BIPS SS9|9J),
NP\ Y 1PN SSOPRIM
@%«%2 | HINITOSNWML HIAIFOSNVHL
Qig3-3/a103 2aa-3/0a0 CERE I
8Ly ~~
IS
-
[
49aH H3IAIFD3Y
eieq ISENNERE ! S$S31FHIM
Ee\bﬂco y, SAnL
ey Ev/.h? A
~
’/\/ J
015

ees

A LA

(46

(leuonoasp

-iun) Jur usjuod

~

00S

816 30IN0G U0 YA
1eydepy oSy J0}213UuaK) U0 0zb
BIPON SSIRIM N\ N
HINIIOSNVAEL HINIZOSNVHL [
SSAIUIM oaaamaa | ¥ BFTIOHINGD
ﬁm/\ 9
Iy
|
%mox
HILLINSNYHL eeq
SEERELT Y3LLINSNVYL Juejuon
SAWL
v2p
v A%
C
805 \/\

916

IPR2025-01310; Samsung

Ex. 1006 - Page 6



US 2007/0222779 Al

Sep. 27,2007 Sheet 6 of 13

Patent Application Publication

9 "Old

szy HUIS WBOD 0zs (levonoup 216 oL9 3208 JUSILOD ozt
— — ~tg) %uI1 1eau00 N P— P
pue uopenByuod
Aeidsia uaiwog Y3Ldvay Y3L4VAY VIO3W SSTTIUIM 1018I0UDS 1UBIOD
ey VIC3W SSTITIM
NN
e el R T e B
aig3-3/aia3 0aa-3/000 SSITIIM M %
809 909 r.\ws Vg ozy
AN g Ve
905 3HOVO
HIAIZOSNVYL YINBOSNVYL
AJONIN [ - > Y3TI08INOD
ois Ql03-3/0103 daa3roaa 0aa-3/000
8y
ﬂ 05 v
7 <
" dOaH
eleq doaH < Y3AI303Y L1 HIALLIWSNYYL > e
WawoD y3AIZOTY SSTTIUM ~ H > SSITIHIM Nyl e
vaA\” \ SanWL -~ 805 SaWL //|
Yy T vey

\|\

[4%:)

ﬁ

(jeuondaup-un)
PR RITCITVe)

\/\

009

~

<09

IPR2025-01310; Samsung

Ex. 1006 - Page 7



US 2007/0222779 Al

Sep. 27,2007 Sheet 7 of 13

Patent Application Publication

L'Old

0cL

A

JUBJU0d
9A13231 0) SSauIpeal
s|eubis yuig Jusjuo)

ainjonys eyep
a|a3-3/aia3 speal
-a1d YuIg JUaUOYD
0) pajoauuod Jaydepy zZL/
BIPSIN SSOI9JIM

—NOY A1d3-3/didd UNMW_\.\NV

—————feubis adH tmwm<UV

Aﬂ.mcm_m JamMod UasSy——

904

IWEN TGRS 1]e%g)
803Inog

JUSJUOD BY) 0) PAYOJULDD
Ja)depy eipaj SSalaIIM
BY} UO PaJEaId S| UOISIOA
(payoed) ajeoydnp e pue

YUiS 1UBUOYD BY} O} PSIOBUU0D
191depy BIPSIA SSIIBIIMN

By} WU} papIemio) S| 8INjoNI)S
8P AId3-3/a1d3 /Ul

~—  19Y%ed ejeq

aid3-3/aid3 puss

Iﬂmmmmms_ [eubis AdH pusS—p-|

oLz voL

@-oBessay [eubig Jamod vc/%l

8l.

<4—Q1d3-3/Aid3 payded UM@V

Ul_mcm_w QdH HesSy——p»

oL

c0L
| «———{eubig Jamod tm%ﬂUl

004

Kialjop 1o} JUsju0D
S]EWIO0} PUE BJMONI)S
elep gig3-3/aia3 jo
uolIsIaA payoed A|jeoo}
Speal 824n0g JUSU0D

JUSJUOD JBAIIBp
0} ssaulpea. sjeubis
92IN0S Jusajuo)

IPR2025-01310; Samsung

Ex. 1006 - Page 8



Patent Application Publication  Sep. 27,2007 Sheet 8 of 13 US 2007/0222779 A1

800

H’IﬂE
|

]

Manscires Name

VendorProcud 10

- EDID Version/ Revison

Basic Disptay Peraneiers/ Features

R
f
i

Coler Ch

&l

)

ks

!
i

{Edtadishéd Tinings

&

]
|

‘Sancard Timing (dertdcaton

FRH

3!

e

OctétedTining Dr-sinﬁm""zi‘ ’ : > N 802

s

Delaied Timing Descdptions

_Detsted Tining DestApion £3;

Detaied Timing Descristion £4”

Extension Fiag

FIG. 8

IPR2025-01310; Samsung
Ex. 1006 - Page 9



Patent Application Publication

Sep. 27,2007 Sheet 9 of 13

US 2007/0222779 Al

900

Address TS Greup p-Group Hotes
[1] VESA Tag
1 Revtion 2
2 Ofset Eqals offtet velue *d”
3 Feawre Sapport o et < e g e ]
3 . Video Dats Elock Tag [Ccrtains Hock er gthvatio "L 1!
O Short Video Destrip o
&4 Shart Video Descrt
G-t Audo Datz, Bock Teg [ CCimalrs ook ier, g vale 12
Shant Audio Descrigtar
i Shert Audio Deecriptr
| ¢
Qriisl2 .
43, 181201 CEA Datn, Bicex Collection Epeakss Aliozazon Latn Black Tepy [Conteiny Hecl or gthvaie"L3*
Spmkaﬂh:x‘ﬁthxbﬂn Block
Poyload
[ aiiaiTas | I
440151 2-13+14 i Vendor Spe«ific Datn Block Tag _ [Ceonteirs Heck ler gthvakie®ld4”

902

IEEE Registretion destifier

Scuree CEC phyzical nddross

Dewlse Tming Cescrtxion 8 1

4+18 1

s PelCleck. o
Hericontd Active (S8
. Horitontal Bloanklag 158,
“Horzontal Al Blanktag S8
Vedical Adive LSS
Vestica! Blanying1LS8

Spparts A

Vendor Speciic Duin Bloek Parfoed.

Veorticid Syre Dt

Horizantal tmage Size LS8 knmy

“Nortical krege Size L S8 Iaun)

Rorizoneall Versoal lvange’S 2s MSB.
tmamg

Herizantal Bordat :

i

18

Additoral Detsited Timing
Oeascripbons

S 161

1-0* s the nuarbe o addiiorma) Detaded Timing D escriptions

L
7€

Begining OfPaddng
End Of Padding

7F

" Checksum

FIG. 9

> 904

IPR2025-01310; Samsung

Ex. 1006 - Page 10



US 2007/0222779 Al

Sep. 27,2007 Sheet 10 of 13

Patent Application Publication

01 'Old

AIBAIID(Q JUBUOYD

A

.ﬂmm&mz Ajenp Hur puss—p-

¢00L

9001

< aias-3/aia3s Ny

payoe) peas-ay

.ﬂacm_w (dH 81660) ——»

$001
Ayienb yui uo paseq ainjonys

Blep Q103-3/Qid3 0 uoisidA
PAYIED SOYIPOLU JB]|0JJU0I-0IOI

Aanijap 10} Juajuod
Sjeuwlojal pue
‘aunjonyis eep Qig3
-3/A1A3 JO UOISIDA
payoed Ajjeso] speal
-8J 80IN0SG JUBU0YD

A

Jusjuod
OAI1209) 0) SS3UIPED)
sieuBis »uig wsuo)

ainjonus exep Qia3

-3/Q1a3 speas-aud yus
1UBJUOD) O} PaJOBUUOD

soydepy eipapy ssajeap ¢4

—WOd AId3-3/01a3 vmmwwﬁ_v\w
L

————jeubis OdH :mw@qhv

Aﬂ_mcm_m JOMOd UasSSyY—————

904

AlaAlla UBIU0D

82IN0S JUBUOY) BY} 0} PBJIBULICY
Joydepy eIpo| SSOlBIIM
3y} UO paleasd S| UoISIaA (payoed)
ajed)|dnp B pue "JuIS Judju0)
9y} 0} pajosuu0d Jaydepy eipay
SSBJaJIM 8Y) WoJ} papiemio) si
9.njon4s eyep aia3-3/aid3 syL
1492

—  1eYoed Bleg

aia3-3/a1a3 puss

Iﬂmmmwms_ [eubis QdH puas—p
oL voL

L —o6essap |eubis Jamod vcmw(|r

0001

f

0z.

8LL

A|o_om-ma_n_mUV

Payde)d peay

Ul.mcm_m (dH Vassy———p»]

oL

c0L
L ———2ubig Jamod tmmeI

AJDAIIBP 10} JUBILOD
S]EW.O} pue ainpnis
Biep g103-3/a1a3 Jo
UOISIaA pauded Ajjeoo)
Speal 80IN0S JUajuoD

B0
JOA|IBp 0} SSBUIpEs.
s|eubis 92un0g U0

IPR2025-01310; Samsung

Ex. 1006 - Page 11



US 2007/0222779 Al

Sep. 27,2007 Sheet 11 of 13

Patent Application Publication

8z XUIS UBUoD OLLL pLg
“\ /\\\\ll/ —
Aeydsig wawo) y3LdVav VIO SSTIZIM M
YATICULNOD | o > HAOX
-OuON [ 1 ss313uMm
2y 8Ly 8&/& 9011 VoLl
AN [ ™~ ™~
FHOVO HINEOSNVIL | o o vanmosay | g ] 2%
AMONIN Saaanda [* > S ganaa [ ™| Axowaw
QI0z-3/a103 QI03-3/0103
ﬂl 2154
aodn
. RENE o=
Waluon UILLINSNVIL $83NFIM
SOWL 0g /.\/
vZy  viv

1A

—~J

0L

Il "Old

{euonoaunp
-1g) ¥un jonuod
pue uopeunByuo)

P

A ==, A

S

905

05

4

Z_

4

{jeuonda.p
EUIE UaRUE 1]

~

0oLL

i

(43

08

—

[UNOS U]

ozy
[

N Y3LdvAY VIQIW $S3TTFIM 10]213Ua5) UALOD
1] unox - o]  HFTI0NINOD
sSIFUM | o Rexselly]

809 908 7| ogp ozv
(P () vo9 ~J N~
IHOVD

HIAZOSNVYL HINZOSNVRL
AHOWIN [P - hd La - YIVIOHINOD
a103-2/0103 200-3/000 200-3100
aily J
[
d0aH
HILLINSNVYL aco
SSIFIM HILLINSNYHL Aﬂ ooy
\/\ 905 SaWL \N\
cly b

L

209

IPR2025-01310; Samsung

Ex. 1006 - Page 12



US 2007/0222779 Al

Sep. 27,2007 Sheet 12 of 13

Patent Application Publication

¢l "Old

[wéwo Jusuo)D [

saniiqeded wa)sAs
uonnNQuISIp JUSUOI UO paseq
ainjonyis g3 saiepdn ‘sjusaa
£q uaaup se Jo Ajjeoipouad
YUIS JUBIUOD 0} PBIDBULID
J9)depy eIpa SSaBJIM

19%08ed BlEq

I aiaz-3raiaa puss

rAvA%

[wz_mo Jusuon

Jusju0d
BAI922J 0} SSaUIpeas
s|euBis juig Juajuo)

sangeden
WidISAs LONNQUISIP JUSJUOD
0} Buipsodoe anonas qia3
-3/Q133 s$aYipowl pue ainjonis
elep 41a3-3/a1a3 spee.
-a.d JuIS JUBLOY 0] PaJOBULIOD

Jaydepy eipajy ss9jadl
PV EIPSIN SSO|DJIM 2Ll

—WOY AId3-3/a1d3 Umom‘NV
80.

———eubis dH twwm<Uv

‘ﬂ._mcm_w JAMOd LSSy ~—]

902

82IN0S JUBUOY Y} 0) PBJOBULIND
Joydepy Eipapy SSalaIm
9y} UO pa)eaID S| UOISIAA (payoed)
ajeo||dnp e pue “HuIS Jusjuod
ay) 0} pd1IBUU0D Ja)depy eipda
SSOIDIIN BY) WOJ} PAPIEMIO) S
ainnys eiep 4ia3l-3/aig3a suL

474

——  1e4oedeeq

a1d3-3/a1a3 puss

\ﬂmmwmms_ 1eubis adH puag-——m

oLL 0.

lg—a6rssapy |eubig Jamod ucwwdf

—»

oozl

9001

< Qig3-3/aia3 N\,

peyoe) pesJ-ay
.ﬂ_mcm_w QdH 81660 ——pf

¥00L

1evoed ejep |a3-3/Q103
pauodal juIs Uo paseq aInjonys

Elep 4iQ3-3/alad j0 UoISIaA
POYORI SIIPOW JD)|0JJUCD-0IDIA

0cL

8l

. aiaz-3/aia3 AV

payoe) pesy

ﬂUl_mcm_m AdH Hassy———»

9L

20.
la————|eUBIG 1aMmod twmeI

Kianijap Joj Juajuod
S]ewIojal pue
‘ainjonys elep gig3
-3/Q1Q3 J0 uoIsIaA
payoded A||eao; speal
-8J 32IN0S JUBU0D

AisAlap Joj JUBIU0D
SJEULIOJ PUB 8INJONIS
eiep dia3-3/aia3 o
UOISIaA payoed Ajjedo)
SpEal 92IN0S JUBu0)D

JUBjU0d
J9AI|2P O} SSauipeas

sjeubis 921n0g juslLOY

IPR2025-01310; Samsung

Ex. 1006 - Page 13



US 2007/0222779 Al

Sep. 27,2007 Sheet 13 of 13

Patent Application Publication

saniqedes uoissiusuel)
ay} Junoooe ojul
Buiye) ‘seniigedes Aeidsip,
yum spuodsal JUIS JUSIUOD

sanigedes uoissiwsuel)
8y} JunoooE Ojul
Buiye) ‘seniigedens Agdsip,
yum spuodsal julg Jusjuo)

€l "OId

=

90¢€l

=

KisaaQq jusjuod

A,
cAdanp mw.a.:.ﬁmamo AQQQQ

yoel

00€l

KAl Jusiuo)

saplIqedes jusund uodn
paseq julg Jusjuoy O}
Kianljep jewndo soj eipaw
JewI04o) pue AJoAldp
JUSJUOD ey 0} J3YJaym
SBpIOBP J2INOG JUBJUOD

NUIS Jusjuo) 0} Adenb
sentiqedeo Aedsip,
sanss| A|leoipouad
224N0S JUBUOYD

JUIS JUSIU0D
ayj ie Aeidsip pue
0} UOISSIWSUEY) [EWNDO
10} BIpOLU S}ELIO)
22IN0S JUsU0)

JUIS JUsu0H 0}
Aienb sangedes
Ae|dsip, sanssi
321N0G JUsU0H

IPR2025-01310; Samsung

Ex. 1006 - Page 14



US 2007/0222779 Al

SYSTEM, METHOD, AND APPARATUS FOR
CONTENT DELIVERY FORMAT CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Patent Application No. 60/785,269 filed on Mar.
24, 2006, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is generally related to con-
tent delivery systems. More particularly, the present inven-
tion is directed to a system, method and apparatus that
coordinate between a content source and a content sink to
ensure that content is distributed using a format most
appropriate given the content distribution system, content
source, and content sink capabilities.

[0004] 2. Background

[0005] Today, a multitude of different content distribution
systems are employed in analog and digital content delivery
systems. In many of these delivery systems, the distribution
system between the content source and the content sink is
unidirectional (e.g., terrestrial TV and radio broadcasts).
Accordingly, the content source has no mechanism to deter-
mine the quality of the content distribution system and/or
“display” capabilities of the content sink(s). As a result, the
content source relies upon the adoption of and compliance
with universally agreed upon standards to ensure the proper
transmission and display of content at the sink(s).

[0006] However, in a certain subset of the delivery sys-
tems employed for analog and/or digital content, the distri-
bution system between the content source and the content
sink is bi-directional (e.g., cable TV infrastructure, cellular
infrastructure, satellite TV and radio broadcasts, Internet
streaming). Further, the content source and the content sink
can be augmented to include additional processing circuitry
and one or more transceivers, either embedded in or located
externally to the source/sink. Accordingly, it may be pos-
sible to use a bi-directional distribution system to allow the
content source and the content sink to share information
regarding their capabilities, and for one or both to collect
information regarding the quality of the content distribution
system. The content source and sink can then cooperate to
ensure that content is delivered using a format most appro-
priate given the content distribution system, source, and sink
capabilities.

[0007] For example, in the case of Internet streaming
content delivery systems, users already have the ability to
manually set both the connection speed (e.g. dial-up, DSL,
cable modem, etc.) and image size (e.g. 320x240, 640x480,
etc.) when initiating streaming. Using the bi-directional
nature of the Internet distribution system and a simple set of
queries, the content source may determine the connection
speed and/or display capabilities of the attached PC (content
sink), and set transmission and display parameters automati-
cally, either statically or dynamically.

[0008] Other examples of this type of bi-directionally
enabled content distribution systems are HDMI and DVI
cables. These content distribution systems are used to
deliver high speed, uncompressed audio and video from
PCs, DVD, STBs (Set-top Boxes), etc. to computer moni-
tors, digital TVs, projectors, speakers, etc. Both HDMI and

Sep. 27, 2007

DVI cables include a bi-directional control channel, in
addition to a uni-directional content channel.

[0009] However, given the wide range of content distri-
bution systems, it is unlikely that a standard will emerge
governing the ability of a content sink and source to share
capability information and/or to coordinate to determine the
capabilities of the content distribution system.

[0010] What are needed therefore are a method, system,
and apparatus that enable a content source and/or a content
sink to determine the capabilities of at least one of the
content distribution system, the content sink, and the content
source. Further, the method, system, and apparatus should
enable a content source and a content sink, connected via at
least one bi-directional wired or wireless distribution sys-
tem, to coordinate with each other based on gathered capa-
bility information to perform operations resulting in optimal
content formatting for transmission to and display at the
content sink. Further, the method, system, and apparatus
should be applicable to wired, optical and/or wireless dis-
tribution systems connecting a wide range of content sources
and content sinks and carrying various types of analog/
digital content.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention is directed to a system,
method and apparatus for implementing a content delivery
system that includes at least one bi-directional distribution
system between a content source and a content sink. The
system, method, and apparatus enable the content sink
and/or the content source to determine the capabilities of at
least one of the content distribution system, the content sink,
and the content source, and to coordinate accordingly with
each other to ensure the most appropriate content format. In
an embodiment, after the content source and/or content sink
determine these capabilities, the bi-directional distribution
system is used to enable the source and sink to coordinate to
ensure that content is delivered using a format most appro-
priate given the capabilities of the content distribution
system, the content source, and the content sink.

[0012] Embodiments of the present invention are appli-
cable to short distance distribution systems such as HDMI/
DVI cables, UWB, and Bluetooth, medium distance distri-
bution systems such as LAN, WiFi, and 802.11n, and long
distance distribution systems such as telephone/DSL, cable,
cellular, and satellite.

[0013] Further features and advantages of the invention, as
well as the structure and operation of various embodiments
of the invention, are described in detail below with reference
to the accompanying drawings. It is noted that the invention
is not limited to the specific embodiments described herein.
Such embodiments are presented herein for illustrative pur-
poses only. Additional embodiments will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0014] The accompanying drawings, which are incorpo-
rated herein and form part of the specification, illustrate the
present invention and, together with the description, further
serve to explain the principles of the invention and to enable
a person skilled in the relevant art(s) to make and use the
invention.
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[0015]

system.
[0016] FIG. 2 is a diagram that illustrates a process that
statically formats content for distribution in a content deliv-
ery system.

[0017] FIG. 3 is a diagram that illustrates a process that
dynamically formats content for distribution in a content
delivery system.

[0018] FIG. 4 illustrates a conventional high-definition
content delivery system.

[0019] FIG. 5 illustrates a wireless high-definition content
delivery system that can be used to replace the system of
FIG. 4.

[0020] FIG. 6 illustrates an embodiment of the system of
FIG. 5 wherein capabilities of the content sink are cached at
the content source.

[0021] FIG. 7 is a diagram that illustrates a process for
statically formatting content for distribution in the embodi-
ment of FIG. 6.

[0022] FIG. 8 illustrates a basic EDID (Extended Display
Identification Data) structure.

[0023] FIG.9 illustrates a Consumer Electronics Associa-
tion (CEA) extension to the basic EDID structure of FIG. 8.
[0024] FIG. 10 is a diagram that illustrates a process for
dynamically formatting content for distribution in the
embodiment of FIG. 6.

[0025] FIG. 11 illustrates an embodiment of the system of
FIG. 5 wherein the content sink modifies the reporting of its
capabilities based on knowledge of the content distribution
system capabilities.

[0026] FIG. 12 is a diagram that illustrates a process for
dynamically formatting content for distribution in the
embodiment of FIG. 11.

[0027] FIG. 13 is a diagram that illustrates a process for
dynamically controlling content in a content delivery sys-
tem.

[0028] The features and advantages of the present inven-
tion will become more apparent from the detailed descrip-
tion set forth below when taken in conjunction with the
drawings, in which like reference characters identify corre-
sponding elements throughout. In the drawings, like refer-
ence numbers generally indicate identical, functionally simi-
lar, and/or structurally similar elements. The drawing in
which an element first appears is indicated by the lefimost
digit(s) in the corresponding reference number.

FIG. 1 illustrates a generalized content delivery

DETAILED DESCRIPTION OF THE
INVENTION

A. Overview

[0029] The present invention is directed to a system,
method and apparatus for implementing a content delivery
system that includes at least one bi-directional distribution
system between a content source and a content sink. The
system, method, and apparatus enable the content sink
and/or content source to determine the capabilities of at least
one of the content distribution system, the content sink, and
the content source. Further, the system, method, and appa-
ratus enable the content sink and source to accordingly
coordinate with each other to ensure the most appropriate
content format. In an embodiment, after the content source
and/or sink determine these capabilities, the bi-directional
distribution system is used to enable the source and the sink
to coordinate to ensure that content is distributed using a
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format most appropriate given the capabilities of the content
distribution system, the content source, and the content sink.
[0030] FIG. 1 illustrates a generalized content delivery
system 100. Generalized content delivery system 100
includes a content source 102, a distribution system 108, and
a content sink 114. Content source 102 includes a content
generator 104, which is the originator of content, and a
source media adapter 106, which conditions the output of
content generator 104 for transfer over distribution system
108 to content sink 114. Content sink 114 includes a sink
media adapter 116 and a content display 118. Sink media
adapter 116 collects signals received over distribution sys-
tem 108, processes the received signals to determine their
content, and formats the content for transfer to content
display 118. Content display 118 is the receiver of content.
Source media adapter 106 and sink media adapter 116 may
contain additional processing circuitry such as, for example,
configuration and control circuitry.

[0031] Distribution system 108 may include one or more
wired and/or wireless links that connect content source 102
and content sink 114. As shown in FIG. 1, distribution
system 108 includes a content distribution system 110 and a
configuration and control distribution system 112, which
respectively transfer content and configuration and control
information from content source 102 to content sink 110. As
used herein, content refers to data content including multi-
media content, for example.

[0032] Typically, transmission protocols govern the trans-
mission of content over content distribution system 110.
Further, links within distribution system 108 may be unidi-
rectional or bidirectional. Unidirectional links support one-
way data transfer. Bidirectional links support two-way data
transfer.

[0033] Accordingly, based on the type of distribution
system that connects them, content source 102 and content
sink 114 may each include means for transmitting and/or
means for receiving over distribution system 108. For
example, when the two are connected by unidirectional links
only, content source 102 may only include a means for
transmitting while content sink 114 may only include a
means for receiving.

[0034] It is noted that content delivery system 100 of FIG.
1 is illustrated as having a single content source and a single
content sink. A generalized content delivery system, accord-
ing to the present invention, is not limited to such illustra-
tion, and may include one or more content sources and/or
one or more content sinks connected by the distribution
system.

B. Content Format Control

[0035] Content format control in a generic content deliv-
ery system is now presented. First, a “static” approach is
described, in which the capabilities are only assessed once
and are then used by the source to determine the best content
transmit format. A “dynamic” approach is then presented, in
which the source receives capability updates and uses the
updates to determine whether the content transmit format
should be modified. In both the static and the dynamic
approaches, the content source is responsible for adjusting
the content format based on the distribution system capa-
bilities. In an alternative dynamic approach, the content sink
“filters” the capabilities information that it provides to the
content source, to reflect the distribution system capabilities.
In this case, the content sink is responsible for assessing the
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quality of the content distribution system and reflecting this
assessment in the selection of candidate content formats.
[0036] FIG. 2 is a diagram that illustrates a process 200
that enables a content source to statically control the content
format in a content delivery system, based on capabilities
information provided by a content sink. Process 200 will be
described with reference to the generalized content delivery
system 100 of FIG. 1. For ease of illustration, the process is
described with reference to the content sink having display
capabilities.

[0037] Prior to the first step of the process 200, content
source 102 and content sink 114 have both been powered up
and may have communicated initial signals asserting their
availability for content transfer. Subsequently, in step 202,
content source 102 issues a display capabilities query to
content sink 114. The display capabilities query is trans-
ferred from content source 102 to content sink 114 over
configuration and control distribution system 112. Upon
receiving the query, content sink 114 responds, in step 204,
with a display capabilities response to content source 102.
The display capabilities response includes several param-
eters that characterize the display capabilities of content sink
114. Such parameters may include, for example, the maxi-
mum visible display size, the maximum display resolution,
and the picture aspect ratio of content sink 114.

[0038] Upon receiving the display capabilities response
from content sink 114, content source 102 issues, in step
206, a transmission capabilities/quality query to content sink
114. The purpose of the transmission capabilities/quality
query is to determine the capacity and quality of content
distribution system 110 that connects content source 102 and
content sink 114. By doing so, content source 102 may
determine, among other things, the most appropriate content
transfer rate to content sink 114. In an embodiment, a user
of content sink 114 may statically define the transmission
capabilities/link quality of content distribution system 110.
For example, in the case of Internet streaming, a user may
select the speed of the connection (e.g., dial-up, DSL, cable
modem, etc.) linking its personal computer (content sink) to
the Internet. In another embodiment, content sink 114 may
dynamically measure the transmission capabilities/quality of
content distribution system 110. This may include, for
example, measuring the download speed, the upload speed,
and the bit error rate of content distribution system 110.
[0039] In reply to the transmission capabilities query,
content sink 114 responds, in step 208, with a transmission
capabilities/quality response. The transmission capabilities/
quality response includes one or more parameters that
characterize the transmission capabilities/quality of content
distribution system 110, as determined at content sink 114.
It is noted that the parameters may differ according to the
type of the content delivery system. For example, in a
content delivery system having a wireless content distribu-
tion system, the bit error rate of the content distribution
system may be a parameter of significance to include in the
transmission capabilities/quality response. This however
may not be as important in a wired content distribution
system. Also, as described above, transmission capabilities
parameters may be statically or dynamically determined at
the content sink.

[0040] Upon receiving the transmission capabilities/qual-
ity response from content sink 114, content source 102
proceeds to determine the most appropriate content format
according to the display capabilities and/or transmission

Sep. 27, 2007

capabilities learned from content sink 114, and initiates
content delivery to content sink 114 in step 210. In an
example, content source 102 having determined that content
sink 114 supports high-definition television (HDTV) content
proceeds to determine whether content distribution system
110 supports the data rate required for such content transfer.
If so, content source 102 customizes content for HDTV
display and initiates content transfer over content distribu-
tion system 110.

[0041] According to process 200, described above, the
content format between content source 102 and content sink
114 is controlled according to the display capabilities of
content sink 114 and/or the transmission capabilities of
content distribution system 110. Note, however, that process
200 represents static content format control. In other words,
the content format between content source 102 and content
sink 114 continues for the duration of the delivery, according
to the same display and/or transmission capabilities learned
during the initial query/response exchanges. While this
approach may be suitable for content distribution systems
with no or minimal expected changes over the duration of
content delivery, it is less suitable for distribution systems
which manifest a tendency for frequent and unpredictable
changes. In particular, due to the expected volatility of
wireless communication links, this approach is not too
suitable for content delivery systems having wireless content
distribution systems. For such systems, dynamic approaches
such as the one described below in FIG. 3 are preferred.
[0042] FIG. 3 is a diagram that illustrates a process 300
that dynamically controls the content format for delivery in
a content delivery system. Process 300 will be described
with reference to the generalized content delivery system
100 of FIG. 1.

[0043] Similar to process 200, process 300 includes initial
query/response exchanges, as described above with respect
to FIG. 2. The initial query/response exchanges, illustrated
by steps 302, 304, 306, and 308 in FIG. 3, establish an initial
content format for delivery between content source 102 and
content sink 114. Subsequently, for the duration of content
delivery, periodic or event-based exchanges are performed
between content source 102 and content sink 114 to deter-
mine any changes in the transmission capabilities/quality of
content distribution system 110. In an embodiment, these
exchanges include periodic transmission capabilities/quality
queries issued by content source 102 and corresponding
transmission capabilities/quality responses by content sink
114, as illustrated in FIG. 3 by steps 312 and 314. In other
embodiments, the exchanges are event-based and are per-
formed in response to detected events in content distribution
system 110.

[0044] Following each exchange, content source 102
determines whether to modify the content format according
to any learned changes in the transmission capabilities/
quality of content distribution system 110. For example,
content source 102 may decide to lower the content delivery
data rate when a deterioration in quality of content distri-
bution system 110 is detected.

[0045] The exchanges, as described above, are performed
for the duration of content delivery. In the case of periodic
exchanges, the period at which these exchanges are per-
formed may be a function of expected volatility of content
distribution system 110. In other words, the period is deter-
mined based on the expected rate of change in transmission
capabilities/quality of content distribution system 110. As
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would be appreciated by a person skilled in the art, several
techniques exist for quantitying the volatility of a content
distribution system. On the other hand, in the case of
event-based exchanges, exchanges are performed in
response to detected events in content distribution system
110. For example, the exchanges may be performed when-
ever changes in the transmission capabilities/quality of
content distribution 110 are detected by content sink 114.

[0046] Accordingly, process 300 allows for dynamic con-
trol of the content format between content source 102 and
content sink 114, according to the display capabilities of
content sink 114 and/or the transmission capabilities/quality
of content distribution system 110. This makes process 300
suitable for content delivery systems characterized by fre-
quent and unpredictable content distribution system
changes, such as content delivery systems having wireless
content distribution systems.

[0047] FIG. 13 is a diagram that illustrates a process 1300
that dynamically enables content format control in a content
delivery system. Process 1300 will be described with refer-
ence to the generalized content delivery system 100 of FIG.
1. For ease of illustration, the process is described with
reference to the content sink having display capabilities.

[0048] Similar to processes 200 and 300, prior to the first
step of process 1300, content source 102 and content sink
114 have both been powered up and may have communi-
cated initial signals asserting their availability for content
transfer. Subsequently, again similar to processes 200 and
300, process 1300 begins in step 1302 with content source
102 issuing a display capabilities query to content sink 114.
The display capabilities query is transferred from content
source 102 to content sink 114 over configuration and
control distribution system 112. In step 1304, upon receiving
the display capabilities query, content sink 114 responds
with a display capabilities response. However, unlike in
processes 200 and 300, content sink 114 takes into account
the transmission capabilities of the content distribution
system when replying with the display capabilities in step
1304. In one embodiment, content sink 114 modifies its
display capabilities so as to include only those that are
supportable over the content distribution system based on
the transmission capabilities of the content distribution
system. In another embodiment, content sink 114 allows
content formats that are not supportable by content display
118. In such case, the sink media adapter 116 must perform
content format conversion (e.g., upscaling, downscaling) to
enable proper display of content by content display 118.

[0049] Upon receiving the display capabilities response
from content sink 114, content source 102 proceeds to
determine the most appropriate content format according to
the reported display capabilities and initiates content deliv-
ery to content sink 114 in step 1306. As in process 300, for
the duration of content delivery, periodic or event-based
exchanges are then performed between content source 102
and content sink 114 to determine any changes in the
transmission capabilities/quality of content distribution sys-
tem 110. In an embodiment, these exchanges include peri-
odic display capabilities queries issued by content source
102 and corresponding display capabilities responses by
content sink 114, as illustrated by FIG. 13 by steps 1308 and
1310. In generating the display capability response 1300, the
content sink 114 takes into account the transmission capa-
bilities/quality of content distribution system 110. In other
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embodiments, the exchanges are event-based and are per-
formed in response to detected events in content distribution
system 110.

[0050] Following each exchange, content source 102
determines whether to modify the content format according
to any changes in the reported display capabilities. The
exchanges, as described above, are performed for the dura-
tion of the content delivery and may be periodic or event-
based.

[0051] Accordingly, process 1300 allows for dynamic
control of the content format between content source 102
and content sink 114, according to the display capabilities
reported by content sink 114, where the reported capabilities
are adjusted by the content sink 114 based on the transmis-
sion capabilities/quality of content distribution system 110.

C. Example Embodiments

[0052] Exemplary embodiments according to the present
invention will now be described with respect to high-
definition content delivery systems. For the purpose of
presentation, a conventional high-definition content delivery
system 400 using an HDMI/DVI (High Definition Media
Interface/Digital Video Interface) cable for content distribu-
tion will first be presented in FIG. 4.

[0053] Conventional content delivery system 400 includes
a content source 402, a content sink 404, and a wired digital
content distribution system 406. Note that system 400 does
not require a source media adapter or a sink media adapter
as the output of content generator 426 is suitable for direct
transfer using distribution system 406 and content display
428 can directly accept input from distribution system 406.
[0054] Distribution system 406 comprises an HDMI or
DVI cable. As is known in the art, a DVI cable supports
uncompressed, real-time digital video. HDMI is based on
the DVI model and supports both video and multi-channel
audio. Typically, DVI-based interfaces employ the TMDS
(Transition Minimized Differential Signaling) protocol for
content transfer. Further, DVI-based interfaces implement
the HDCP (High-bandwidth Digital Content Protection)
protocol, which enables content encryption and source/sink
authentication.

[0055] Distribution system 406 (an HDMI or DVI cable)
includes a unidirectional TMDS link 408 and a bidirectional
DDC/E-DDC (Display Data Channel/Enhanced DDC) link
410. TMDS link 408 serves for content distribution between
content source 402 and content sink 404. DDC/E-DDC link
410 provides distribution of control and configuration infor-
mation.

[0056] Content source 402 and content sink 404 respec-
tively include a TMDS transmitter 412 and a TMDS receiver
414 to communicate over TMDS link 408. In an embodi-
ment, TMDS transmitter 412 and TMDS receiver 414 each
includes a HDCP sub-module (416 and 418 in FIG. 4) for
supporting HDCP security services as described above.
Further, content source 402 and content sink 404 each
include a DDC/E-DDC transceiver (430 and 432 in FIG. 5)
to communicate over DDC/E-DDC link 410 of distribution
system 406.

[0057] Additionally, content source 402 includes a con-
troller 420 that interfaces with source DDC/E-DDC trans-
ceiver 430, and content sink 404 includes an EDID/E-EDID
(Extended Display Identification Data/Enhanced EDID)
memory cache 422 accessible by sink DDC/E-DDC trans-
ceiver 432. In an embodiment, the memory cache is a
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Read-Only Memory (ROM), and the EDID/E-EDID ROM
422 stores an EDID/E-EDID structure that describes the
display capabilities of content sink 404.

[0058] In system 400, content data 424 is generated or
received at content source 402 and is forwarded to TMDS
transmitter 412 for transmission to content sink 404. TMDS
transmitter 412 performs HDCP encryption on the content
data and converts the encrypted data into TMDS format.
Subsequently, TMDS transmitter 412 transfers the data to
content sink 404 over TMDS link 408. Content sink 404
receives the encrypted TMDS formatted data using TMDS
receiver 414, decodes the data, and performs HDCP decryp-
tion to retrieve content data 424. Prior to content transfer
over TMDS link 408, (source and sink) DDC/E-DDC trans-
ceivers 430 and 432 communicate over DDC/E-DDC link
410 to exchange capabilities information, allowing the
selection of the most appropriate content format for use over
TMDS link 408. This includes controller 420 at content
source 402 initiating a query/response exchange, as
described above with respect to FIG. 2, to retrieve the
display capabilities of content sink 404, stored in EDID/E-
EDID memory cache 422 of content sink 404. Note that this
query/response exchange is possible given that DDC/E-
DDC link 410 is bidirectional. Content source 402 may then
select the most appropriate format for content delivered to
content sink 404 according to its own capabilities and the
retrieved display capabilities.

[0059] FIG. 5 illustrates a wireless high-definition content
delivery system 500 in accordance with an embodiment of
the present invention. System 500 may be used to replace
wired system 400 of FIG. 4. System 500 replaces wired
HDMI/DVI cable 406 with a wireless distribution system
502 that includes a unidirectional content link 504 and a
bidirectional configuration and control link 506. Content
link 504 is such that it supports high-definition content
transfer with substantially equal performance to an HDMI/
DVI cable. Further embodiments of wireless content deliv-
ery systems are also described in commonly owned U.S.
patent application Ser. No. 11/216,173, filed Sep. 1, 2005,
entitled “System, Method and Apparatus for Wirelessly
Providing a Display Data Channel Between a Generalized
Content Source and a Generalized Content Sink,” which is
incorporated herein by reference.

[0060] To enable the wireless solution of system 500,
content source 516 and content sink 522 are respectively
equipped with a source wireless media adapter 518 and a
sink wireless media adapter 520. Wireless media adapter 518
includes a wireless transmitter 508 that generates signals
suitable for propagation over content link 504 to wireless
receiver 510 in sink wireless media adapter 520. Further,
wireless media adapter 518 includes a wireless transceiver
512 and wireless media adapter 520 includes a wireless
transceiver 514 for communicating over bidirectional con-
figuration and control link 506.

[0061] In some aspects of operation, wireless system 500
is similar to wired system 400 of FIG. 4. One difference lies
in the additional need to convert encrypted TMDS formatted
content, generated by TMDS transmitter 412 at content
source 516, into signals that can be wirelessly transmitted by
wireless transmitter 508 of content source 516. This, for
example, includes modulating the encrypted digital content
to generate corresponding analog waveforms to transmit
over wireless content link 504. Correspondingly, at content
sink 522, the transmitted wireless signals are demodulated
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by wireless receiver 510 to retrieve the encrypted TDMS
formatted content. A similar process of RF modulation/
demodulation is additionally needed for communicating
over wireless configuration and control link 506.

[0062] FIG. 6 illustrates one embodiment 600 of wireless
system 500 of FIG. 5 according to the present invention.

[0063] In embodiment 600, content source 602 includes a
wireless media adapter 610, which includes a wireless
transceiver 512, a micro-controller 604, an EDID/E-EDID
cache memory (such as, but not limited to, a read/write
memory, RAM, or flash memory) 608, and a DDC/E-DDC
transceiver 606. Wireless media adapter 610 interfaces using
DDC/E-DDC transceiver 606 with a controller 420 con-
tained within content generator 426 of content source 602.
Wireless media adapter 610 uses wireless transceiver 512 to
interface over wireless configuration and control link 506
with wireless transceiver 514 in content sink 612.

[0064] Other aspects of the system of FIG. 6 are substan-
tially similar to those of system 500, described above.

[0065] According to an embodiment of the system of FIG.
6, controller 420 of content source 602 initiates a query/
response exchange, as described above with respect to FIG.
2, to retrieve the display capabilities of content sink 612. The
display capabilities of content sink 612 are accordingly
transmitted over wireless configuration and control link 506
in the form of an EDID/E-EDID structure. The transmitted
EDID/E-EDID structure is received by wireless transceiver
512 of content source 602 and forwarded to micro-controller
604 of wireless media adapter 610. In one embodiment,
micro-controller 604 updates EDID/E-EDID cache memory
608 with the received EDID/E-EDID structure. In another
embodiment, micro-controller 604 modifies the received
EDID/E-EDID structure based on knowledge of the capa-
bilities of content link 504. Micro-controller 604 then
updates EDID/E-EDID cache memory 608 with the modi-
fied EDID/E-EDID structure. In both embodiments, after
updating the EDID/E-EDID cache memory 608, micro-
controller asserts a signal to controller 420 to read EDID/
E-EDID cache memory 608.

[0066] Accordingly, by controlling the timing at which
this signal is asserted to controller 420, micro-controller 604
of wireless media adapter 610 controls which EDID/E-
EDID structure is read by controller 420, and, as a result,
directly influences the format chosen for use in content
delivery that follows. Using this functionality, a plurality of
update methods (static, periodic, etc.) for display and/or
transmission capabilities can be implemented, and subse-
quently, a plurality of format control methods for content
delivery can be enabled.

[0067] Note that embodiment 600 allows for display capa-
bilities retrieved from content sink 612 to be cached at
content source 602, thereby reducing the initialization/re-
initialization time of content delivery. Note, however, an
alternative embodiment could avoid the use of the EDID/
E-EDID memory cache 608 if microcontroller 604 passes
the EDID/E-EDID structure, optionally modified according
to the display capabilities, directly to controller 430 via
DDC/E-DDC transceivers 606 and 430.

[0068] FIG. 11 illustrates an alternative embodiment 1100
of wireless system 500 of FIG. 5 according to the present
invention. Embodiment 1100 benefits from the advantages
described above with respect to embodiment 600. In addi-
tion, embodiment 1100 enables the content sink to directly
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influence the content delivery format by using information
regarding the content link capabilities.

[0069] In embodiment 1100, content sink 1102 includes a
wireless media adapter 1110, which includes a wireless
transceiver 514, a micro-controller 1108, an EDID/E-EDID
cache memory (such as, but not limited to, a read/write
memory, RAM, or flash memory) 1104, and a DDC/E-DDC
transceiver 1106. Wireless media adapter 1110 interfaces
using DDC/E-DDC transceiver 1106 with an EDID/E-EDID
memory cache 422 contained within content display 428 of
content sink 1102. Wireless media adapter 1110 also inter-
faces using wireless transceiver 514 with content source 602
over wireless configuration and control link 506.

[0070] Other aspects of the system of FIG. 11 are sub-
stantially similar to those of system 600, described above.
[0071] According to an embodiment of the system of FIG.
11, controller 420 of content source 602 initiates a query/
response exchange, as described above with respect to FIG.
2, to retrieve the display capabilities of content sink 1102.
Micro-controller 1108 in wireless media adapter 1110 reads,
via DDC/E-DDC transceiver 1106 communicating with con-
tent sink DDC/E-DDC transceiver 418, the EDID/E-EDID
structure from the sink EDID/E-EDID memory cache 422.
Micro-controller 1108 then stores this EDID/E-EDID struc-
ture in EDID/E-EDID memory cache 1104. Optionally,
microcontroller 1108 then modifies the cached EDID/E-
EDID structure to correct any errors in the read EDID/E-
EDID structure and/or to reflect the content distribution
system’s capabilities. Wireless media adapter 1110 then
propagates the EDID/E-EDID structure to the wireless
media adapter 610 in content source 602 using configuration
and control link 506.

[0072] Note that an alternative embodiment could avoid
the use of EDID/E-EDID memory cache 1104 if microcon-
troller 1108 passes the EDID/E-EDID structure, optionally
modified according to the display capabilities, directly to the
content source 602.

[0073] FIG. 7 is a diagram that illustrates a process 700 for
statically controlling the format used for content delivery in
system embodiment 600 of FIG. 6.

[0074] Process 700 begins with content source 602 sig-
naling its readiness to deliver content by asserting a power
signal to content sink 612. This is achieved by controller 420
of content source 602 asserting, in step 702, a power signal
to micro-controller 604 of wireless media adapter 610
(through DDC/E-DDC transceivers 430 and 606), which in
turn forwards, in step 704, the power signal to content sink
612 over wireless configuration and control link 506. Wire-
less transceiver 514 of content sink 612 receives the power
signal and forwards, in step 706, the power signal to the
appropriate controller (not shown in FIG. 6) of content sink
612.

[0075] Inresponse to the power signal from content source
602, content sink 612 asserts, in step 708, a HPD (Hot Plug
Detect) signal, which is transmitted, in step 710, over
wireless configuration and control link 506 to content source
602 and forwarded to micro-controller 604 of wireless
media adapter 610 at content source 602. Micro-controller
604 controls when to assert this HPD signal to controller 420
of content source 602, thereby determining which EDID/E-
EDID structure controller 420 reads.

[0076] In process 700, micro-controller 604 does not
assert the HPD signal to controller 420 until after an
EDID/E-EDID structure is received from content sink 612,
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the structure is optionally modified based on the content
distribution system capabilities, and the optionally modified
structure is cached in EDID/E-EDID cache memory 608 of
wireless media adapter 610. Accordingly, the EDID/E-EDID
structure is read, in step 712, from EDID/E-EDID memory
cache 422 of content sink 612 (following a query/response
exchange), transmitted, in step 714, over wireless configu-
ration and control link 506 in an EDID/E-EDID control
packet, and cached by micro-controller 604 in EDID/E-
EDID cache memory 608, before micro-controller 604
asserts, in step 716, the HPD signal to controller 420.
[0077] When micro-controller 604 asserts, in step 716, the
HPD signal to controller 420, controller 420 performs a read
(through DDC/E-DDC transceivers 430 and 606) of EDID/
E-EDID cache memory 608 of wireless media adapter 610
to retrieve the cached EDID/E-EDID structure. Controller
420 then proceeds to format content according to its capa-
bilities and the display capabilities set within the read
EDID/E-EDID structure.

[0078] Subsequently, content delivery between content
source 602 and content sink 612 occurs, for the duration of
content delivery in step 720, according to the source capa-
bilities and capabilities learned during the initial read of the
cached EDID/E-EDID structure. Accordingly, process 700
represents a static approach for content delivery format
control.

[0079] FIG. 10 is a diagram that illustrates a process 1000
for dynamically controlling the format used for content
delivery in embodiment 600 of FIG. 6.

[0080] Similar to process 700, process 1000 includes
initialization exchanges between content source 602 and
content sink 612, including asserting a power signal from
content source 602 to content sink 612 in steps 702, 704, and
706, asserting a HPD signal from content sink 612 to content
source 602 in steps 708 and 710, caching the EDID/E-EDID
structure of content sink 612 at content source 602, and
reading this cached structure, in step 716, at a time con-
trolled by micro-controller 604 of content source 602.
[0081] Following initialization, content source 602 for-
mats content according to its own capabilities and the
display capabilities of content sink 612, included in the
EDID/E-EDID structure. This establishes an initial format
for content delivery between content source 602 and content
sink 612.

[0082] Subsequently, for the duration of content delivery,
periodic or event-based exchanges are performed between
content source 602 and content sink 612 to determine any
changes in the transmission capabilities/quality of the con-
tent distribution system. In an embodiment, the exchanges
include transmission capabilities/quality queries issued by
content source 602 and corresponding transmission capa-
bilities/quality responses by content sink 612.

[0083] In process 1000, these exchanges consist of unso-
licited link quality messages transmitted from content sink
612 to content source 602, as illustrated in step 1002, for
example.

[0084] At content source 602, micro-controller 604 pro-
cesses the transmitted link quality messages and uses the
results to modify the previously cached EDID/E-EDID
structure, before informing content source controller 420 of
the new cached EDID/E-EDID structure. In an embodiment,
as illustrated in step 1004, micro-controller 604 toggles the
HPD signal to assert to controller 420 the availability of a
new cached EDID/E-EDID structure. Controller 420 reads

IPR2025-01310; Samsung
Ex. 1006 - Page 20



US 2007/0222779 Al

the newly cached EDID/E-EDID structure from EDID/E-
EDID memory 608 and proceeds to format content accord-
ingly. In an embodiment, controller 420 determines whether
to modify the content format according to any learned
changes in the transmission capabilities/quality of the con-
tent distribution system. For example, content source 602
may decide to lower the content delivery data rate when a
deterioration in quality of the content distribution system is
detected.

[0085] The unsolicited link quality exchanges, described
above, are performed for the duration of content delivery.
The exchanges may be periodic or event-based. Periodic
exchanges are performed at a specified period, which may be
a function of the expected volatility of the content distribu-
tion system. In other words, the period is determined based
on the expected rate of change in transmission capabilities/
quality of the content distribution system. As will be under-
stood by a person skilled in the art, several techniques exist
for quantifying the volatility of a content distribution sys-
tem. On other hand, event-based exchanges are performed in
response to detected events in the content distribution sys-
tem. For example, the exchanges may be performed when-
ever changes in transmission capabilities/quality are
detected by content sink 612.

[0086] Accordingly, process 1000 allows for dynamic
control of the content format used between content source
602 and content sink 612.

[0087] As would be understood by those skilled in the art,
content format changes, based on updated information of the
content distribution system’s capabilities, can be performed
entirely by wireless media adapters 610 and 520. For
instance, rather than toggling the HPD signal in step 1004 to
assert the availability of the new cached EDID/E-EDID
structure and effectuate a content format change at content
generator 426, the wireless media adapters could instead
perform content format conversion transparent to content
generator 426 and content display 428. In this case, the
original format selected after step 718 would be used by
content generator 426 and content display 428 for the
duration of content delivery. However, wireless media
adapters 610 and 520 would coordinate with each other to
determine the most appropriate format given the content
distribution system capabilities, and perform content format
conversion of the original format. For example, sink wire-
less media adapter 520 would expect source wireless media
adapter 610 to modify the content format based on link
quality message 1002. As such, wireless media adapter 610
would receive data formatted by content generator 426 and
perform content format conversion to the desired format for
transfer over content distribution system 504. Wireless
media adapter 520 would receive the data transferred over
content distribution system 504 and convert it back to the
format expected by content display 428. While this approach
involves added wireless media adapter complexity in that
content format conversion logic is required, the approach
offers the advantage of highly adaptive content format
changes based on updated content distribution system infor-
mation.

[0088] Note that format control according to embodiment
1100 can be achieved as shown in process flowchart 1200 of
FIG. 12. Process 1200 is similar to process 1000, but
includes the additional step of having wireless media adapter
1110 modify, according to the capabilities of the content
distribution system, the EDID/E-EDID structure it reads in
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step 712. Wireless media adapter 1110 then passes the
modified EDID/E-EDID in step 714 to wireless media
adapter 610. In addition, either periodically or in response to
certain events, content sink 1102 sends updates of the
EDID/E-EDID data packet in step 1202 to content source
602. In one embodiment, if content sink 1102 determines
that the capabilities of content distribution system 504
changed such that the content format requires a change,
micro-controller 1108 modifies the cached EDID/E-EDID
structure in memory cache 1104 and initiates the transfer of
a EDID/E-EDID data packet in step 1202. Upon receipt of
the EDID/E-EDID data packet, content source 602 modifies
EDID/E-EDID memory cache 608 and toggles the HPD
signal, initiating the re-reading of the cached EDID/E-EDID
by the content generator 426.

[0089] As described above, in an embodiment, the EDID/
E-EDID structure of content sink 1102 may be used to relay
content distribution system quality messages from content
sink 1102 to content source 602. FIG. 8 illustrates a basic
EDID data structure 800, which is present in a wide range
of computer display equipment such as PC monitors and
projectors, for example. In FIG. 8, shaded fields 802 within
structure 800 denote fields which may be modified based
upon transmission capabilities/quality information. FIG. 9
illustrates a Consumer Electronics Association (CEA) exten-
sion 900 to the basic EDID structure 800 of FIG. 8. CEA
extension 900 is present in a wide range of consumer
electronic display equipment such as HDTVs and AV receiv-
ers, for example. In particular, fields 902 and 904 belonging
to the CEA Data Block Collection and the Detailed Timing
Description groups are suitable for holding this information.

D. Conclusion

[0090] While various embodiments of the present inven-
tion have been described above, it should be understood that
they have been presented by way of example only, and not
limitation. It will be understood by those skilled in the
relevant art(s) that various changes in form and details may
be made therein without departing from the spirit and scope
of the invention as defined in the appended claims. Accord-
ingly, the breadth and scope of the present invention should
not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with
the following claims and their equivalents.

What is claimed is:

1. A method for controlling the format of content to be
delivered from a content source to a content sink over a
content distribution system, the method comprising:

(a) determining display capabilities of the content sink;

(b) determining transmission capabilities and/or a quality

of the content distribution system; and

(c) adjusting the format of the content to be delivered to

the content sink according to at least the determined
display capabilities of the content sink and the deter-
mined transmission capabilities and/or quality of the
content distribution system.

2. The method of claim 1, wherein step (¢) comprises:

adjusting the format in which content is to be delivered to

the content sink according to the determined display
capabilities of the content sink, the determined trans-
mission capabilities and/or quality of the content dis-
tribution system, and capabilities of the content source.

3. The method of claim 1, wherein step (a) comprises:

(1) transmitting a query to the content sink; and

(i1) receiving a response to the query from the content

sink;
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wherein the response includes one or more parameters
associated with the display capabilities of the content
sink.

4. The method of claim 3, wherein the response includes
an Extended Display Identification Data (EDID)/Enhanced
EDID (E-EDID) structure associated with the content sink.

5. The method of claim 4, wherein step (a) further
comprises:

(iii) caching the EDID/E-EDID structure; and

(iv) asserting a Hot Plug Detect (HPD) signal to cause a
controller of the content source to read the cached
EDID/E-EDID structure.

6. The method of claim 1, wherein step (b) comprises:

(1) transmitting a query to the content sink; and

(ii) receiving a response to the query from the content
sink;

wherein the response includes one or more parameters
that characterize the transmission capabilities and/or
quality of the content distribution system.

7. The method of claim 1, wherein step (b) comprises:

(1) receiving an unsolicited message from the content
sink;

wherein the message includes one or more parameters that
characterize the transmission capabilities and/or quality
of the content distribution system.

8. The method of claim 1, wherein step (b) comprises
determining a transmission capability and/or quality of one
of a wired, wireless, or optical interface.

9. The method of claim 1, further comprising:

periodically repeating steps (b) and (c).

10. The method of claim 9, wherein steps (b) and (c) are
repeated at a periodic rate that is based on an expected
volatility of the content distribution system.

11. The method of claim 1, further comprising:

repeating steps (b) and (c) responsive to detected events
in the content distribution system.

12. The method of claim 1, further comprising:

delivering the content to the content sink; and

repeating steps (b) and (c) at least once during the
duration of content delivery.

13. The method of claim 1, wherein step (c) comprises:

converting the format of the content to be delivered to the
content sink from a first format that is supported by a
generator of the content to a second format, wherein the
second format is determined based on the transmission
capabilities and/or quality of the content distribution
system.

14. A method for facilitating control by a content source
of the format of content to be delivered from the content
source to a content sink over a content distribution system,
the method comprising:

(a) determining display capabilities of the content sink;

(b) determining transmission capabilities and/or a quality
of the content distribution system;

(c) modifying the determined display capabilities of the
content sink based on the determined transmission
capabilities and/or quality of the content distribution
system; and

(d) transmitting a message to the content source, wherein
the message includes one or more parameters that
characterize the modified display capabilities of the
content sink.
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15. The method of claim 14, wherein step (c) comprises
modifying an Extended Display Identification Data (EDID)/
Enhanced EDID (E-EDID) structure associated with the
content sink based on the determined transmission capabili-
ties and/or quality of the content distribution system, and
wherein step (d) comprises transmitting a message to the
content source that includes the modified EDID/E-EDID
structure.

16. The method of claim 15, further comprising:

caching the EDID/E-EDID structure.

17. The method of claim 14, further comprising:

periodically repeating steps (c) and (d).

18. The method of claim 17, wherein steps (c) and (d) are
repeated at a periodic rate that is based on an expected
volatility of the content distribution system.

19. The method of claim 14, further comprising:

repeating steps (c) and (d) responsive to detected events

in the content distribution system.

20. The method of claim 14, further comprising:

receiving content from the content source; and

repeating steps (c) and (d) at least once during the
duration of content delivery.

21. A content source comprising:

a content generator configured to generate content; and

a media adapter communicatively connected to the con-

tent generator,

wherein the media adapter is configured to determine

display capabilities of a content sink communicatively
connected to the media adapter, to determine transmis-
sion capabilities and/or a quality of the content distri-
bution system, and to adjust the format of the content
for delivery to the content sink over the content distri-
bution system according to at least the determined
display capabilities of the content sink and the deter-
mined transmission capabilities and/or quality of the
content distribution system.

22. The content source of claim 21, wherein the media
adapter is configured to adjust the format of the content
according to the determined display capabilities of the
content sink, the determined transmission capabilities and/or
quality of the content distribution system, and capabilities of
the content generator.

23. The content source of claim 21, wherein the media
adapter is configured to transmit a query to the content sink
and receive a response to the query from the content sink,
wherein the response includes one or more parameters
associated with the display capabilities of the content sink.

24. The content source of claim 23, wherein the response
includes an Extended Display Identification Data (EDID)/
Enhanced EDID (E-EDID) structure associated with the
content sink.

25. The content source of claim 24, wherein the media
adapter includes a memory, and wherein the media adapter
is further configured to cache the EDID/E-EDID structure in
the memory and to assert a Hot Plug Detect (HPD) signal to
the content generator to cause the content generator to read
the cached EDID/E-EDID structure from the memory.

26. The content source of claim 21, wherein the media
adapter is configured to transmit a query to the content sink
and to receive a response to the query from the content sink,
wherein the response includes one or more parameters that
characterize the transmission capabilities and/or quality of
the content distribution system.
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27. The content source of claim 21, wherein the media
adapter is configured to receive an unsolicited message from
the content sink, wherein the message includes one or more
parameters that characterize the transmission capabilities
and/or quality of the content distribution system.

28. The content source of claim 21, wherein the media
adapter is configured to determine a transmission capability
of one of a wired or wireless interface.

29. The content source of claim 21, wherein the media
adapter is further configured to repeat the steps of determin-
ing the transmission capabilities and/or quality of the con-
tent distribution system and adjusting the format of the
content at a periodic rate.

30. The content source of claim 29, wherein the media
adapter is further configured to repeat the steps of determin-
ing the transmission capabilities and/or quality of the con-
tent distribution system and adjusting the format of the
content at a periodic rate that is based on an expected
volatility of the content distribution system.

31. The content source of claim 21, wherein the media
adapter is further configured to repeat the steps of determin-
ing the transmission capabilities and/or quality of the con-
tent distribution system and adjusting the format of the
content responsive to a detected event in the content distri-
bution system.

32. The content source of claim 21, wherein the media
adapter is further configured to deliver the content to the
content sink and to repeat the steps of determining the
transmission capabilities and/or quality of the content dis-
tribution system and adjusting the format of the content at
least once during the duration of content delivery.

33. The content source of claim 21, wherein the media
adapter is configured to convert the format of the content
from a first format that is supported by the content generator
to a second format, wherein said second format is deter-
mined based on the transmission capabilities and/or quality
of the content distribution system.

34. A content sink, comprising:

a content display; and

a media adapter communicatively connected to the con-

tent display;

wherein the media adapter is configured to determine

display capabilities of the content display, to determine
transmission capabilities and/or a quality of a content
distribution system to which the content sink is com-
municatively connected, to modify the determined dis-
play capabilities of the content display based on the
determined transmission capabilities and/or quality of
the content distribution system, and to transmit a mes-
sage to a content source, wherein the message includes
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one or more parameters that characterize the modified
display capabilities of the content display.

35. The content sink of claim 34, wherein the media
adapter is configured to modify an Extended Display Iden-
tification Data (EDID)/Enhanced EDID (E-EDID) structure
associated with the content display based on the determined
transmission capabilities and/or quality of the content dis-
tribution system, and to transmit a message to the content
source that includes the modified EDID/E-EDID structure.

36. The content sink of claim 35, wherein the media
adapter further comprises a memory and is further config-
ured to cache the EDID/E-EDID structure in the memory.

37. The content sink of claim 34, wherein the media
adapter is further configured to repeatedly perform the steps
of modifying the determined display capabilities of the
content display and transmitting a message to the content
source that includes one or more parameters that character-
ized the modified display capabilities of the content display
at a periodic rate.

38. The content sink of claim 34, wherein the periodic rate
is based on an expected volatility of the content distribution
system.

39. The content sink of claim 34, wherein the media
adapter is further configured to repeatedly perform the steps
of modifying the determined display capabilities of the
content display and transmitting a message to the content
source that includes one or more parameters that character-
ized the modified display capabilities of the content display
responsive to detected events in the content distribution
system.

40. The content sink of claim 34, wherein the media
adapter is further configured to receiving content from the
content source and to repeat the steps of modifying the
determined display capabilities of the content display and
transmitting a message to the content source that includes
one or more parameters that characterized the modified
display capabilities of the content display at least once
during the duration of content delivery.

41. The content sink of claim 34, wherein the media
adapter is configured to convert the format of content
received from the content source from a first format to a
second format, wherein the first format is determined based
on the transmission capabilities and/or quality of the content
distribution system.

42. The content source of claim 21, wherein the media
adapter is configured to receive an unsolicited message from
the content sink, wherein the message includes one or more
parameters that characterize the display capabilities of the
content sink.
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