(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 October 2022 (13.10.2022)

(10) International Publication Number

WO 2022/216358 Al

WIPO I PCT

(51) International Patent Classification:
GO6F 16/957 (2019.01)

(21) International Application Number:

CA 92123 (US). RAO, Rajesh, K.; 601 Hillside Way,
San Marcos, CA 92078 (US). SCHMITT, Ernest, G.; 932
Whitney Lane, Maple Glen, PA 19002 (US).

PCT/US2022/015661  (74) Agent: MARLEY, Robert, P. ct al.; Botos Churchill [P
(22) International Filing Date: II:SV(&; ?91473 (élgg)Mountam Ave., Suite 401, New Providence,
08 February 2022 (08.02.2022) '
- . (81) Designated States (unless otherwise indicated, for ever

(25) Filing Language: English kind gof national protection available). AE, AG, {\L, Al\/fj
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
" CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(30) Priority Data: , DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
63/170,732 05 April 2021 (05.04.2021) US HR, HU, ID, IL, IN,, IR, IS, IT, JO, JP, KE. KG. K, KN,
(71) Applicant: ARRIS ENTERPRISES LLC [US/US]; 3871 KP, KR, KW, KZ LA, LC,LK, LR, LS, LU, LY, MA, MD,
Lakeview Drive, Suwanee, GA 30024 (US). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
X L NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(72) Inventors: BOSENBERGER,Amela, M.; 8012 Fa1.r Y1ew SA. SC. SD, SE, SG. SK. SL. ST, SV, SY, TH, TJ, TM, TN
Lane, Norristown, PA }9403 (US)'. FRANKS, William, TR, TT, TZ. UA, UG, US, UZ, VC, VN, WS, ZA, ZM. ZW.

P.; 13295 Capstone Drive, San Diego, CA 92130 (US).
KALAICHELVAN, Kaliraj, 8516 Capricorn Way, Unit (84) Designated States (unless otherwise indicated, for every

91, San Diego, CA 92126 (US). KAUSHAL, Arpan, Ku-
mar; 8847 Spectrum Center Blvd., Apt. 6213, San Diego,

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: SYSTEM AND METHOD FOR ADAPTIVE STORAGE OF VIDEO DATA

~ 102

Video

124

Content Controller

Content

J I 120

L

Content
Cache

4
122

116

FIG. 1

wo 20227216358 A1 |0 0000 KO0 0 0 0 0

(57) Abstract: A system and method dynamically supporting the concurrent storage of both quadrature amplitude modulated formatted
and Internet protocol formatted video content. In particular, this dynamic support is based, at least in part, upon the recognition of
format of the content being stored or retrieved from a memory. This memory is typically a hard-disk drive associated with a media
gateway appliance. The system and method enable the provision of an improved content viewing and storage experience tor users.

[Continued on next page]



WO 2022/216358 A | [I1I] )00 000 00O 0O 0 0O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2022/216358 PCT/US2022/015661

SYSTEM AND METHOD FOR ADAPTIVE STORAGE OF VIDEO DATA

BACKGROUND OF THE INVENTION

HEEDE Typically, high-definition television ("HDTV™) content is transmitied
aiilizing gquadrature amplitude modulation ("QGAM”) in accordance with Intemational
Telecommunication Unton (“TTU”) Recommendation 183 entitled “Dhgital multi-programme
sysiems for television, sound and data services for cable distnbution”. This type of
modudation 1s widely emploved for video content that is delivered via cable, fiber, or satellite,
as well as content provided via terrestrial digital broadcast chanmels. The QAM content is
then demodalated by an HDTV tuner for viewing upon an appropriate monitor, devige or
television,

{8662} An altemate means of providing HDTV content utilizes a packetized
transmission scheme in accordance with Internct Protocol (1P standards promuldgated by
the Internet Engincering Task Force {"IETE”). This tvpe of video countent delivery is referred
to as IPTV and does not mvolve QAM. IPTV content delivery is often utilized by Intemet
content providers to streaming video.

HEEIRY With the increased availability of residential broadband delivery of digital
video coutent and the ever-growing number and vanety of digital video content sources,
consumers are storing more content than ever upon digital video recorders ("DVRs”). These
devices, often integrated mto set-top boxes, offer consumers a convenient means of capturing
ong or more live streams of digital content for later and/or repeated viewing. Incoming QAM
modulated video content is stored within DVR memory, typically a hard-disk drive ("HDD™).
When the content 1s retrieved from the DVR memory, an HDTV nuer 1s emploved to
demodulate the stored content for viewing.

{8004} Unfortunately, present DVER technology does vot provide a means for
conveniently and concurrently storing both QAM formatied and IPTV formatted content. The
overwhelming majority of residential BV Rs are dedicated to recording and retrieving QAM
video content. BV Rs capable of recording IPTVY content are typically associated with seouarity
or video surveilance systems and are wholly teompatible with roost, if not all, residential
HDTY networks, be thev broadcast, cable, fiber or satellite based.

LY Given the expanding use of IPTV providers, in both established and emerging
HODTY markets, there exists a neod for a system and method supporting an adaptive systom
for the recording and retrieval of both QAM video and IPTV content. Ideally, the storage and

retricval would be accomplished n a manner that was transparent to a user, with the DVR
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automatically recogunizing the type of video content (QAM vs. IPTV) being stored and/or
retricved. To provide such transparency, a BVR would need to be capable of recognizing the
type of content to be stored or retrieved (QAM or the IPTV format), and provided appropriats
buffering to support so as to support the proper storage of content and/or the uninternupied

viewing of the content.

BRIEF SUMMARY (OF THE INVENTION

{3006] A system and method dynamically supporting the concurrent storage of both
QAM formatted and IPTV formatted video content. In particular, this dynamic support is
based, at least in part, upon the recogmition of format of the content being stored or retrieved
from a memory. This memory is typically an HDD associated with a media gateway
appliance ("MGA). The svstem and mcthod enable the provision of an improved content

viewing and storage experience for users.

BRIEF DESCRIPTION OF THE DRAWINGS

{B007] The aspects, and advantages of the present invention will become betier
understood with regard to the followmng descnption, appended claims, and accompanying
drawings in which:

{8008} FIG. 1 ois a functional block diagram of a systern supporting the dynamic
adjustment mcoming and outgomg content from a content storage memory based, at least in
part, upon the recognition of content format.

[G009] FIG. 2 15 a block diagram depicting oformation provided #o the conient
cordroller within the system of FIG. 1.

610} FIG. 3 15 a flow diagram of a process supported by the system of FIG. 1 for
the dynamic adjustment incoming and ouigoing content from a conteni storage memory

based, at least in part, upon the recognition of content format.

DETAILED DESCRIPTION

{6611} FIG. 1 provides a functional block diagram of system 100 which selective
recognition of video content for storage and retricval. As shown, the system meludes MGA
102 which s linked to a multi-service operator ("MS0O7) headend 104 and an Internet-based
content provider {106) via broadband network 108, Broadband network 108 can be a wired
or wircless network capable of supporting broadband, bidirectional communications with
MGA 102, Both beadend 104 and Intemet content provider 106 are adapied for the provision

of video content to MGA 102 via broadband network 108, This video content provided by
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either of the two sources can be in both QAM and 1P format. MGA 102 is also shown to be
hinked to digital televigion ("D'TV”) 110 vig interface 112, and to tablet 114 viainterface 116,
Interfaces 112 and 116 can be cach be supported by a wired connection, such as a coaxial
cable or high-definition media interface ("HDMI™Y link, or by a wireless conunection, such ag
a local wireless network (Wi-Fi, 862,11, etc.).

{06612} MGA 102 1s adapted to provide DVR functionabiy and shown to include
controller 124 and content memory 120, The ARC Processor xo00 can comprise one or more
processers.  Countent roemory 120 could be a hard disk drive ("HDIY”), a solid-state drive
(“SSD7}, or any other tvpe of digital storage media having a sufficient capacity for the storage
of digital video content data, including cloud-based storage. The storage to content memory
120 must be faciitated so as support the rate (or rates) and types of content being received
via broadband network 108, as well as the data rate(s) required for the provision of content to
client devices (DTV 110 and tablet 114}

{6613} MGA 102 15 also shown to mclude content cache 122, which is a defined
region of random-access memory {"RAM”} {either an entive discrete memory device or a
designated portion of such a device) that serves as a buffer for video data as w18 transferred
to and from confent memory 120, In addition, MGA 102 is shown to include content
controller 124 and instruction/parameter memory 126, Content controller 124 s comprised
of one or more processors. Memory 126 comtains nstructions and operational parameters for
afilization by content controller 124, These stored instructions and parameters enable content
controller 124 to discriminate between various types of video content entering, exiting, or
being stored within MGA 102, and process them as a function of content type and/or
predefined user or provider (MSO, Intemet-based content provider) preferences.

HEHEY Utihizing the mtormation stored within mstruction/parameter memory 126,
content controller makes a determination as to the type of video (QAM or IFTV) that is being
received via broadband network. In making such a determination the content controlier 124
may parse information mncluded in a data header associated with the meoming content, base
the determmation in whole or in part upon the particular provider sourcing the content, and/or
by recognizing a content format based upon the content data itself. Recognition of such
cordent characteristics is well-known 11 the art and the particular instructions and operations
supporting such will not be discussed mn detal here.  The wnformation stored within
mstruction/parameter memory 126 supporting this recognition, and the subsequent storage
and retrieval of recognized content to/from content memory 120, includes one or more of the
following:

QAM format recognition parameters,;
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IPTV format recognition parameiers,

Content memory storage rate charactenistics;

Content memory retrieval rate characteristics; and

Client device content download rates.
If the recognized comtent incoming from broadband network 108 is mtended for storage
within content memory 120, content controlier 124, 1n accordance with the information stored
i instroction/parameter memory 126, utihzes content cache 122 io serve as an adaptive
buffer. Content controller 124 mediates the rate of data flowing 1nto content cache 122, as
well as the rate at which data is written trom content cache 122 to content memory 120, This
rate 18 adjusted so that the demands placed upon content memory 120 do not exceed the
present capabilitics of that memory. As with any memaory, the given capabilities to retrieve
and store data will vary based upon the overall loading of the memory. Overall loading being
a function of the rate and number of read and wrnite operations being performed.
{8615} The adjosted rate must also be a function of content cache avalability
Content cache 122 provides content controller with information indicative of the availability
of buffer space within the content cache, meluding the depth of the content cache. Diepth
being a measure of the ability of a given cache to accept incoming data over a given period
of time going forward. The depth may be calculated based upon the rate of incoming data to
the cache versus outgoing data, the scheduled inception or ternunation of any mconing or
outgoing content streams fo/from the cache, as well as peak and sustanable read and write
rates to and from the cache.
{6616} FIG. 2 provides a block diagram of information monitored by or provided to
the countent controller (124, 202) so as to cnable the aforomentioned mentioned content
storage and reirieval. As shown, the content controiler receives data indicative of both the
type and rate of incoming content (204}, This data 1s obtained from a data header, analysig
of the data’s format, or from the provider of the incoming content. Information mdicative of
the present loading upon content memory 120 (206} and the mstructions/parameters (208}
from memory 126 are also provided to the content controler. In addition, data indicative of
the availability and depth of the content cache (210} is shown to be provided to content
controller 124,
6617 FIG. 3 provides a tlow diagram of a preferred process (300} supporting the
content storage and retrieval as a function of content recogmition. The process initiates at siep
302 and proceeds to step 304 where it tests whether the content of interest is QAM data. If
the content 1s QAM data, the process continues with step 306 and data associated with QAM

content 1s retrieved from the content and parameter memory. Next, in step 308, information
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of the availabiity and depth of the content cache is obtained. The process continues with step
310 where nformation as to the loading of storage memory 1s obtained. The content
controller then determines if content memory and the content cache can support the
storage/retraeval of the content of interest (step 312} If the determination at step 312 resulis
m an affitmative outcome, the read/write rate 18 adjusted accordingly (step 314} and the
content is saved or retrieved {(step 316). At step 318 the process determmes of the content
has terminated. If so, the process reverts back to start (302}, If not, the process continues
with step 308 and the obtaining of updated cache mformation.

[618] Refermnng back to step 312, if the determination 1s made that the sysiem cannot
adequately support the storage/retrieval of the content of interest, the process continues with
step 320, Step 320 13 recognition that the content cannot be accommodated by the system.
This could stmply result in terpunation and remnitiation of the process {(step 302}, of the system
could be adapted to generate a message mdicative of the farlure. This message could be
shared with a user of the system (via a user interface} and/or sent to the content provider via
broadband network 108,

[B019] i the process at step 304 determined that the content of interest was not QAM
data, the process would continue with step 322, wherein the determination is made as to
whether the content 15 IPTV data. 1 the content 1s IPTV data, the process continugs with siep
324 and data associated with TPTVY conmtent is retrieved from the comtent and parameter
memory. Next, in step 326, mformation of the availability and depth of the content cache is
obtained. The process continues with step 328 where information as to the loading of storage
memory is obtained. The content controller then determines if content memory and the
cordent cache can suppart the storage/retrieval of the content of wmterest (stop 330). If the
determination at step 330 resulis in an affirmative outcome, the read/write rate 1s adjusted
accordingly {(step 332) and the content is saved or retrieved {stop 334}, Atstep 336 the process
deternuncs of the content has ferminated. 1 so. the process reverts back to start (302}, If not,
the process continucs with step 326 and the obtaining of updated cache information. If at step
330, it 18 determined that the system cannot adeguately support the siorage/retrisval of the
comtent of interest, the process continues with step 320,

{0028] Although the embodunent discussed above focuses upon a single QAM or
IPTV content stream being buffered and stored/retrieved, 1 will be understood that i is typical
for a DVR to store and retricve multiple content data streams simultancoasly, and that sach
multiple data sircan retrieval and storage is capable of being supporied by system 100, The
number of individual data streams bemg imited by the number of available sources, the speed

and capacity of content controller 124, content cache 122 and content memory 120, If content
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memory is an HD D, the number of heads adapted fo read from and write to the HDD will also
be a factor that could limit the number of simultancous data streams that the system could
accommodate.

{6621} Although the invention herein has been described with reference to particular
embodiments, 1t 18 to be understood that these embodiments are merely dlustrative of the
principles and applications of the present invention. Other embodiments and variations could
be implemented without departing from the spint and scope of the present imvention as
defined by the appended claims. In addition, it will be understood that the various
connections depicted as wired in the above embodiments could also be supported by wireless
connections without departing from the scope of the invention. The content controler
functionality can be provided by a processor or processers local to or within an MGA, or by
one or more remotely-located processers, linked via a network to an MGA. The memory
supporting the storage of the video content can be a disk, a solid-state dnive, cloud-based
storage (1n whole or in part}, or any other means with safficient capacity and speed to facilitate
video storage and playback. The cache utilized in the above-described embodimenis can also
be local to or within an MGA, or be remotely-located and linked via a network 1o the MGA.
Sinnlarly, any number of various video-capable devices could serve as client devices. These

mclude digital televisions, tablets, smart phones, computer monitors, etc,
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CLAIMS

1. A system for the storage of streaming video content, comprising:
at least one cache, having a first capacity and depth, and adapted to receive at least a
first stream of content conforming to a first format and at east one second stream of content
contorming to a second;
at least one first memory adapted to store mnstructions and parameter data associated
with the first format and the second format;
at least one second memory adapted for the storage of video content; and
a controller adapted to dynamically adjust the rate at which content data i3 stored
within the at least onc second memory based, at keast in part, upon one of the following
parameiers:
the recognition of the stored content as conforming to the first format;
the recognition of the stored content as conforming to the second format,
the peak rate at which content can be written o the at least one cache;
the sustamed rate at which content can be written to the at least one cache;
the peak rate at which content can be retrieved from the at least one cache;
the sustained rate at which content can be retrieved from the at least one cache;
the peak rate at which content can be stored in the at least one second memory;
the sustained rate at which content can be stored in the at least one second
menory; and

the first capacity and depth.

2. The system of claim 1 whergin:
the first format comprises quadrature amplitude modulated vides data; and

the second format comprises Intemet protocol video data.

3. The system of claim 1 wherein the streaming video content 1s sourced from at least one
of the following:
an Intemet-based content provider; and

a multi-service provider,

4. The system of claim | wherein the at least one second memory comprises at least one of
the following:

a disc drive;
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a solid-state drive; and

a cloud-~based storage system.

5. The system of claim | wherein the stored mstructions and parameter data comprises at
least onc of the following:

quadrature amplitude modulated content format recognition parameters;

Internet protocol content format recognition parameters;

content memory storage rate characteristics;

content memory retrieval rate characteristics; and

client device content download rates.

6. A system for the retrieval of streaming video content, comprising:
at least one cache, having a first capacity and depth, and adapted to receive at least a
first stream of content conforming to a first format and at least one second stream of content
conforoung to a second;
at least one first memory adapted 1o store mstructions and parameter data associated
with the first format and the second format;
at least one second memory adapted for the storage of video content; and
a controller adapted to dynamically adjust the rate at which content data is retrieved
from within the at least one second memory based, at least in part, upon ong of the following
parameters:
the recogrition of the stored content as conforming to the first format;
the recognition of the stored content as conforming to the second format;
the peak rate at which content can be written to the at least one cache;
the sustained rate at which content can be writien to the at least one cache;
the peak rate at which content can be retrieved from the at least one cache;
the sustained rafe at which content can be retrieved from the af least one cache;
the peak rafe at which content can be retricved from the at least one sccond
MEmory;
the sustained rate at which content can be retrieved from the at least one second
memory; and

the first capacity and depth.

7. 'The system of claim 6 wherein:
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the first format compnises quadrature amplitude modulated video data; and

the second format comprises Internet protocol video data.

8. The system of ¢laim 6 wherein the strcaming video content is sourced from at least one
of the following:
an Internet-based content provider; and

a mudti-service provider.

9. The systern of claim 6 wherein the at least one second memory comprises at least one of
the following:

a dise drive;

a sohid-state drive; and

a cloud-based storage system,

10 The system of claim 6 wherein the stored instructions and parameter data comprises at
least one of the following:

quadrature amplitude modulated content format recognition parameters;

Internet protoco! content format recognition parameters;

content memory storage rate characteristics;

content memory retrieval rate characteristics; and

client device content download rates.

11. A method for the storage of streaming video content, 1n a system comprising:

at least one cache, having a first capacity and depth, and adapted to receive at least a
first stream of content conforming to a first format and at lcast one second stream of content
contorming to a second;

at least one first memory adapted to store mstructions and parameter data associated
with the first format and the second format; and

at least one second memory adapted for the storage of video content;
the method comprising the step of]

dynamically adjusting the rate at which content data 18 stored within the at least ong
second memory based, at least in part, upon one of the following parameters:

the recognition of the stored content as conforming to the first format;

the recognition of the stored content as conforming to the second format,
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the peak rate at which content can be written to the at least one cache;

the sustained rate at which content can be written to the at feast one cache;

the peak rate at which content can be retrieved from the at least one cache;

the sustained rate at which content can be retrieved from the at least one cache;

the peak rate at which content can be stored in the at least one second memory;

the sustained rate at which content can be stored wn the at least one second
menory; and

the first capacity and depth.

12. The method of claim 11 wherein:
the first format comprises quadrature ampitude modulated video data; and

the second format comprises Intemet protocol video data.

13. The method of ¢laim 11 wherein the streaming video content is sourced from at least one
of the following:
an Intemet-based content provider; and

a multi-service provider,

14. The method of claim 11 wherein the at least one second memory comprises at least one
of the following:

a disc drive;

a solid-state drive; and

a cloud-~based storage system.

15. The method of claim 11 wherein the stored instructions and parameter data comprises at
least onc of the following:

quadrature amplitude modulated content format recognition parameters;

Internet protocol content format recognition parameters;

content memory storage rate characteristics;

conterdt raemory retrieval rate characteristics; and

client device content download rates.

16. A method for the retrieval of streaming video content, in a system comprising:

-10-
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at least one cache, having a first capacity and depth, and adapted to receive at least a
first stream of content conforming to a first tormat and at least one second stream of content
conforming to a sscond;

at least one first memory adapted to store mstructions and parameter data associated
with the first format and the second format; and

at least one second memory adapted for the storage of video conient;
the method comprising the step of:

dyvnamically adjusting the rate at which content data 18 retricved from within the at
cast one second memory based, at least in part, upon one of the following parameters:

the recognition of the stored content as conforming to the first format;

the recognition of the stored content as conforming to the second format;

the peak rate at which content can be written to the at least one cache;

the sustained rate at which content can be written to the at least one cache;

the peak rate at which content can be retricved from the at least one cache;

the sustained rate at which content can be retrieved from the at least one cache;

the peak rate at which content can be retrieved from the at least one second
memory;

the sustained rate at which content can be retrieved from the at least one second
memory; and

the first capacity and depth.

17 The method of claim 16 wherein:
the first format compnises quadrature amplitude modulated video data; and

the second format comprises Internet protocol video data.

18. The method of claim 16 wherein the streaming video countent 15 sourced from at least one
of the following:
an Interngt-based content provider; and

a mufti-service provider.

1%, The method of claim 16 wherein the at least one second memory comprises at least one
of the following:

a dise drive;

a solid~-state dnive; and

a cloud-based storage system.

11~
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20. The method of claim 16 wherein the stored instructions and parameter data comprises at
least one of the following:

guadreature amplitude modulated content format recogoition parameters;

Intemnet protocol content format recognition parameters;

content memory storage rate characteristics;

content memory retrieval rate characieristics; and

client device content download rates.

<12~
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