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MULTI MEDI A° COVMUNI CATI ONS VI A . ~ PUBLI C TELEPHONE NETWORKS
Techni cal Freld 15) e presem—rrveritionrretatres—to—retheds———
and systens for providing multinedia tel ecommunications, and

nore part] cuI arly, to methods and systems for providing mul ti medi a

t el econmuPIERIBAs using existing public teI ephone,i’'f‘.f‘rl?'tlﬁ9é1m°1*i

infrastructure and desktop conputers. 10 Background of
the I nvention Presently, the cost of both w deband

di gi tal transport and interfacing equipnent is a deterrent to
the w despread usage of nultinedia services for col I aboration and
ot her business functions. One 15 conponent of the cost s

the tariffs for digit - i ' carriers. '
Common carriers |wg o) gm&@&m st ered, .
regul at ed, and/ or 7z & cI y tariffed

t el econmuni cation services. 20 Conmon carriers di scount
digital bandw dth according to the anpunt of bandwidth on a

particul ar digital carrier. wi de-area subscription.
rates for Fractional T-1 rates typically break even at about half the
rate of a full T-1 and rates for eight T- 25 1 carriers typically
match th&t of a T-3 Therpresent invenmiico m@mpaoxbnmh»daoaharres t he

bandwi dt h of asystems$id¥Wpeoviding multi rabl}i s 2:1
to 4:1 discou b t.hat %ul meéha ¥ %I ver an IIvﬁo'dgbgr ea

transport 30 %&é%p#’%vs ‘F‘Qﬁlé’onﬁt?n‘“é& a@‘% nRFeNdAingand

multimedia telecommum.catlons using ex:.sting public
telephone system infrastructure and desktop computers.

10 Background of the Invention

Presently, the cost of both wideband digital
transport and interfacing equipment is a deterrent to
the widespread usage of multimedia services for
collaboration and other business functions. One

is component of the cost is the tariffs for digital
carriers provided by common carriers. Common carriers
include public telephone networks registered, regulated,
and/or authorized to provide publicly tariffed
telecommunication services.

20 Common carriers discount digital bandwidth
according to the amount of bandwidth on a particular
digital carrier. Presently, wide-area subscription

rates for Fractional T-1 rates typically break even at

_ about half the rate of a full T-1 and rates for eight T-

25 1 carriers typically match that . of a T-3 carrier

providing approximately 30 times the bandwidth of a
single T-1

The reascn for this 2:1 to 4:1 discounting is
that bulk bandwidth delivery and wide-area transport
30 employs less common carrier equipment, management, and
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-2- control than delivery of the sanmé anmpount of “Bandwi dth in
snmal I er, unbundl ed parcels. For a tel ecomunications concern
out si de the 583?89 rriers, private networks can be made far nore
cost effecti eir design 5 | everages these eco 13pa6
-scale in bandw dth purchases fromthe comon carriers.
The transm ssion of quality audi o and vi deo signals to a multinedi a
wor kstation at a user prem ses is essential in providing nultinmed a
services. In 10 practice, satisfactory quality NTISC/ PAL/ SECAM vi deo and
nedlun1f|dellty audi o can be transmtted rel ali-vel y | nexpensi vely

ot hadh ana" ot ohe el BRI o, phe A ahBuR A Btyialh 15
franmes/ second) anal cipalilgse dnpundiedyparcels. uFohi dalaomm.mdcaaubns
l i nks range fr0”1th%oﬁﬁﬁ§n cutszaéCE%beQﬁﬁﬁﬁmpké&gﬁekﬁte }gggtaohgt§g§k

di sclosure in Pat e 637 to_Gool.chafan )
t he distance of thecﬁf’Plﬁc‘F‘% e?g‘ﬁeWﬁ& gheffastive thewpfieawy
beyond appr oxi rfat el ye¥8gegeeet thesassteabhomnels of sealenuahi obandeidese

very rapidly. This ¢ifeshses FPoR the comiicl@4peed,Lor smaller gauge wires
(e.g. 26 gauge) than for | arger gauge wres fe g. 20 or 19 gauge).

Typically, an existing public tel ephone |oop 25 plant, i.e. the access
portion of a public tel ephoneThe trammmmmsmm@ctm&mseﬁdp{reaéées

with a first RYBhiEst ebeahﬂ&&ﬁhu&ﬂ %rné‘s%tt%ﬂsaw B Hgiékngfgﬂg?% he

nmor e gauge changes at seve %#nctures reove
UTP between end | ocafi oHE®S hR REOVEEing | mylfdmedian BexEVifsRi cal In
di stance betwdén t hpractéaceprsatisfactioryl quadityiNTECEY BAL, /SECAMNSEE6 ) and At

| onger UTP | oop medium fidelity audio can be transmitted relatively
inexpensively through an unshielded twisted pair (UTP)
link using analog signals.

Methods and systems of transmitting continuous
15 motion (25-30 frames/second) analog videc signals over
unshielded twisted pair 1links range from the AT&T
Picturephone of the late 1960’s to the disclosure in
U.S. Patent No. 5,283,637 to Goolcharan. However, as
the distance of the UTP increases be&ond an uﬁper limit,
20 typically beyond approximately 2500 feet, crosstalk and.
attenuation increase very rapidly. This effect is more
pronounced for smaller gauge wires (e.g. 26 gauge) than

for larger gauge wires {e.g. 20 or 19 gauge).

Typical;y, an existing public telephone loop

25 plant, i.e. the agcess portion of a public telephone
network which connects a user premises with a first

public telephone building, contains UTP having one or

more gauge changes at several junctures. Moreover, the

length of the UTP between end locations is often much

- 30 larger than the physical distance between the locations
(a factor of 3.5 is not unusual)}, At longer UTP loop
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-3 el St he MUl tiple juoctures.and gauge chapges =
conbine to create an uneven hi gh-frequency response.

Figure 1 illustrates the frequency response of a passive UTP

met al | i ¢ Wweogded hout bridge taps between 5  two buil pergssnsmeh

separated froma public tel ephone central office by approximately

1000 feet. This UTP . | oop involves a 7100 foot wire length with

mul tiple gauge changes. 1In this exanple, the frequency response

exhi bits significant peaks and notches around 1 M4z. In 10 general, the.
| ar ge not ches and peaks which result -3-conplicate the conpensation for -
the rapid attenuation at hi gh frequenci es. One '

?gprffggsﬁn ostS hlo %eagqhbt?m thel Qnmmrets §lfictures VAREEO dauge dicﬂ?ﬁ@bstsi gnal f
| on, oyer uc | re e steps of =
converting the 1n€l ggocr%alée d"frb Po%ﬁ’?ﬁggﬁ%&gg% }Jﬁﬁ?o% Igital 1I‘Oor m

of the video, and transmtting the conpressed di gl tal video

O\r/]er ;he urp aL bi t hr attt) ef@ﬁw 12821 05t FPEES ithe( Bre&abhely responi 68! se
shape Is within the,bo P.. 20 a st ate h|n pul se
codi ng and pul s& Ragaive %%qﬁ&ﬁgaehwﬁ'éh%‘ﬁ g?ﬁ?fgg :’FEPE g% g?%l on) are

typically 5 twsedbuiddingaceceath peperatedcfrom anpyblbcntedephese of
the bit rate of .gppegxi BFEeky byd z@mm&tbfbp 1000 FRet. Tﬁi@nmtted

over a 1.5 baseband t |
di st ances of 2568%Ped®VS P’Gﬁaﬁngﬂ’ Q%P'éné"ﬁ'lr?c%?ﬁ{‘ en‘%é/ nf% ?gﬁga%? 3-4
Mops. As a resghuge changes gniln ¢hie evamplesithe finequescyi respouseed to

utilize ehiBl télﬂﬂﬁfﬂ‘ﬁn& paaRe 4dd mt&hdsoafa&aa themTP. 1n
Al t hough not as cost con 1 Ni ng as 128- 384 s .30 Fraction
T-carri er ¥hann8PBeT¥aYep 8 Tﬁ}F G e 9\)@/

hi gh-quality, fubi-npnnbcabe nhajeompedsatlon ﬁmdthetm&dl alﬂtpmuatleactt deskt op
is costly and pjgn ProfheAEids. N

One approach to this problem is to convert the

video to a d:.gital s:.gnal for transuu.sslon over the UTP.

15 ) Such an approach requires the steps of convert:.ng the

video to a digital form, compressing the d:.gn.tal form of

‘the video, and transmitt:.ng the compressed digital video

over the UTP at bit rates whose analog spectra (dictated

'_-by pulse shape) is w:.th:.n the bounds of the UTP.

20  Standard state-mach:.ne pulse coding and pulse wave-

shaping (such ag alternate mark inversion) are typically

'used to’ reduce the power spectrum only to multiples of

the bit rate of approximately 1.5 ‘{i.e., 1 Mbps can be

transmitted over a 1.5 MHz baseband bandwidth) .

25 Consequently,' even at distances of 2500 feet, digital

transmission atta:.n only about 3-4 Mbps. As a result,

sigm.f:l.cant compress:.on and cost is required to utilize

'digital s:.gnals for transm:.tt:.ng video over the UTP.

Although not as costly or conf:Ln:l.ng as 128-384 kbps

30 Fractional T- carrier channels, deployment of codecs
' compress;ng two-way, h:.gh-qual:.ty, full-motion video and -

audio to 3-4 Mbps at each desktop is costly and
problematic. <
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-4- I't-Ts an object of Thée present invention to

deliver immediate |owcost;,' wide-area access of mul ti medi a
services to | tinmedia workstations using 5 unshi el ded tw sted air
links withi Q%A% st ng t el ephone | oop pl ant. PCTIUSIS/13016 A
-fuyrther object is to reduce the cost of W de- area, w deband digital
transport in a systemfor providing rmultimedia services to nultinedia
wor kst ations 10 utilizing desktop conputers. In
carrying out the above objects, the present I nvention provides a
system for providing nmultinedia t el econfruni cation services to a
plurality of multinedia wor

mul timedia central 15 office whi RWIINRArY, L2 1he Jnvention i ¢ ch conpl ex
coupl ed to a public digital telephone network, and at |east one
twi sted pair transceiver coupled to at |east one tw sted pair link in

a tel ephone loop plant. The Hulis ARigbiect ofcthe gpresentcinvantion to
includes at |east odeliwetchimfiediat®npllow-0oetat i weky-ageaci alcedsyi t ot he

digital sw.tch _ at.; o] 1St ir. t eiver. ., The .
rrulgt i medi a central %???%ueééfaangg%f%%érs aE? i ﬁsﬁﬁ%ﬁ%ﬁ%gi t%o{l&rl%%lgpssiw%
with a first aP | eadshipldad  Hovimted nbaix linksyoviEhini am iexistingd

to the public digiteeléphaphQpplanget work, and transceives a second
plurality of signals with a second at |east one of the nmultinedi a

workstations interfaced to the at | east one tw sted pair link in the
t el ephone | oop plant. The fiAstEfyrthey jehject isane trrdunscovhke prostl iafy of

signal s each incl udeidertxea30 wideband Bigitdeo tvapepbst AAdaliggistan GQ)a
signals used pfSvding HhR0:hddd"Heb TREL A4 BuIeINEEL AR T ons" 0

10 utilizing desktop computers.

In carrying out the above objects, the present
invention provides a system for prbvi.ding multimedia
telecommunication services to a plurality of multimedia
workstations. The system comprises a multimedia central

is office which includes a digital switch complex coupled
to a public digital telephone network, and at least one
twisted pair transceiver coupled to at least one twisted

pair link in a telephone lodp plant. The multimedia
central office further includes at least one switch

20 complex operatively associated with the digital switch
and the at least one twisted pair transceiver. The
multimedia central office transceives a first plurality

of signals with a first at least one of the multimedia
workstations interfaced to the public digital telephone

25 network, and transceives a second plurality of signals
with a second at 1least one of the multimedia
workstations interfaced to the at least one twisted pair

link in the telephone locp plant. The first plurality

and the second plurality of signals each include audio

" 30 signals, video signals, and digital data signals used
for providing the multimedia telecommunicatign services.
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- B —000di ENt s of the present jnvention provide a
net wor k approach for inmediate, |ow cost depl oynent of advanced

mul ti medi a. tel econmuni cations services using current technol ogy. In
parti cul di rents of the 5 present invention pEngses/13016

advant ageousl'y”  capabl e of utilizing |lowcost technol ogies such
as anal og audi o/ vi deo hardware, tel ephone |oop tw sted pair, and

exi sting LAN technol ogies to provide the nultinedia

t el ecommuni cation services. By utilizing the unshielded 10 tw sted pair
in the tel ephone | oop plant, emnbodinents_pf the present invention do -
not require the depl oynent of . new ATM and fiber optic systens, which

may take a numnber x f d | a
full, mat ur e i npl eﬁ&e%?lﬁe}\&?s%? :M% ﬁ%%gnslg%hw?h b%vﬁ&d

0 .
infrastructure PnReSYREREAPPLORch: 'p}%‘ﬂf?s 1P<¥F'§P ?r%lch of
their value by bdwagcedpahtleimédﬁaotedeagmnmnicamhmceelrvimtuaedga

tel econmuni cat | Qrredf! ¥bGhfology. & FHdIRIonSE0dnBBALRencs of NenePr esent

Invention are of - “suppor t1 ng. advanced |'t1 medi serv ces in
a 20  fl &«i bl PrAEARES §6“’FH&P§TM% ff¢eantageous ysté?ﬁP oL pe
utilized when euemmﬁrzmg low-cost technold‘gﬁum newtls tbna:pogz'sent
i nvention are | £ [ | t it i deo- .
capabl e nul ti rreal g8 rv?%%s |#§:‘Y£? @1%?2%%8? twj'ggg& # ﬁ;lnn%tlon
servi ces, sueKisting LANjckeehpplogies (e o pIRVeARHShey, m\%}ﬁ% aring,

and full-appli cabu.aaommunicaaiwn agrvi(:es) Byl ut DBl ingreheaghshiehded ces,

such as i, £ad fyéldegp%ﬁ%' Looh!$1dntC GiBAdliflents of

mul ti medi %ol nf or ositorres ogs and
. video news clEBgi agsseng {yventiqn g yrot- requizey Fhesdeptaymest 2F evays
- to third-party Aew\aTMSand$iber opticasystews!, mhiaheatwaakeeavmmbmd t he

I nternet. of years before widespread availability and a full,
mature implementation is attained.. Consequently, global

15 infrastructure investments in telephone loop plants
© retain much-'-'b-_f- their value by being capable of providing
advanced  multimedia telecommnn.cat:.on - -services.
Further, embodiments of ‘the - present invention are

" capable of supporting advancéd mult:.media services in a

'20  flexible manner so that ATM and fiber oth.c systems may

'be utilized when econcm:Lcal

E_mbodiﬁients of the present invention are
capable of ‘delivering low-cost, high-quality video-
capable multimedia services including: (i) real-time

25 collaboration = services,’ "such . as - desktop

' 'teleconferencing, window sharing, and full- appl:.cation
sharing; (ii) multimedia messaging services, such as
multimedia mail and  video mail;. (iii) ‘access to
multimedia information ‘repositories, such as on-line

30 catalogs and +video news clippings; (iv) directory
services; and (v) gateways to third-party networks, such
as a public telephone network and the Internet. -

&
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These and “other features, aspects, and advant ages of the
present invention will becone better under:stood with regard to the
foll ow ng description, ©*" appended cl ai ns, and acconpanyi r aw ngs.

5 WO 96/ f Description OF The Draw ngs %Ml&% FI GURE
1 is a graph of a frequency response of a UTP | oop pl ant;

FIGURE 2 is a bl ock diagram of an enbodi nent of a nmultinedia

t el econmuni cation systemin accordance 10 wth the present invention;
FIGURE 3 is a bl ock diagram of an enbodi nent of a multinedia central
office in accordance wth the present 8 nvention;

FIGURE 4 is a bl ock diagran12£ an enbgdin%ﬂt 1% of a regional hub d
office in accordance with t h&*BFesefiPe ©Other; \FEAFPERS, aspects, an
FI GURE 5 is a bl ocladvangagesopfathenpoesenttinventiay wiliatiesome bebtefkfice

in accordance W th i r@tesdntwith redd¥ENtdO0lhe f&llowing descripEiGHRE 6
is a block diagram of an_exa le t opol ogy .wher.ein,fully dedicated
digital carriers afPPeR Sﬂgfﬂ?eaa'b%ﬁﬁﬁ%‘flqﬁff‘ﬁeﬂfﬁ"t’éﬂ?r al offices,
regi anal hub of fices, and national hub offices;

FIGURE 7 is a block diagram of paf.efybetAationt

swi tched |ines; DR N

which utilizes

FIGURE 1 is a graph of a frequency response of
a UTP loop plant;

FIGURE 2 is a block diagram of an embodiment
of a multimedia telecommunication system in accordance
10 with the pxesent invention;

FIGURE 3 is a block diagram of an embodiment
of a multimedia central office in accordance with the
present invention;

FIGURE 4 is a block diagram of an embodiment
15 of a regional hub office in accordance with the present
invention;

FIGURE 5 is a block diagram of an embodiment
of a national hub office in accordance with the present
invention;

20 FIGURE 6 is a block diagram of an example
topology wherein fully dedicated digital carriers are
employed between multimedia central offices, regional
hub offices, and national hub offices;

FIGURE 7 is a block diagram of an alternative
- 25 topology which utilizes switched lines;
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-1 ——l OJRE 8 is a block diaagramof an alternative

t opol ogy which utilizes redundant |inks and offices;

FIGURE 9 is a block diagramof an alternative t opol ogy which
utilizes edundant links and 5 of fices, and &dxlisdis | | nes;

FI GURE 1dwpga2! ock diagramof a three | ayer netmz?ﬁhfor ¢
illustrating topol ogi cal conponents of a mul ti poi nt conference;
FIGURES 1la-11f are bl ock di agranms 10 illustrating the | ocation
of a conference bridge for vari ous non-degenerate 3-party conference
cases; FI GURES 12a- 129 are bl ock di agr ans

|IIustrat|ng the location of a conferencé ‘bridge for vari ous

non- degenerate 4-party COB&aﬁgﬂcs ﬁ@%@%ﬂocﬁléza?ram of an Jﬂﬂ@yﬁgtise's a

fl ow chart of -an enbodi ne Lesource aI ocation
illustrated for t°P°1°9WbH?é?hn351¥ﬁ¥ﬁﬁxi9dundant links and offiqgfE 14 is a
fl ow chart of an enbodi nent of a method of allocation applicable to

demand-driven 20 resour .0 f f d
FIGURE 15 is a bl.ock di ag?gm %a{céo%nrbé’sbégsfigi% &% a&P%l?.% | ?Ieﬁg%lratggs

si gnal domai ns; topology WhiCh ut#l%iﬁ&i i agiBkPof @889syst em

for Tty ansmftﬁildg@ aaﬂaggﬁﬁtcmgnajne@ger Tl tipl e- I ower 25 bandw dt h
l'inks utilizing inverse nultiplexers;

FIGURE 10 is a block'diagram of a three layer
network for illustrating topological components of a
multipoint conference;

FIGURES lia-11f  are block diagrams
10 illustrating the location of a conference bridge for
various non-degenerate 3-party conference cases;

FIGURES = 12a-120 are - block diagrams
illustrating the location of a conference bridge for
various non-degenerate 4-party conference cases;

15 - _ FIGURE'13'is a flow chart of an embodiment of
a method of resource allocation illustrated for
conference bridges;

FIGURE 14 is a flow chart of an embodiment of
a method of allocation applicable tc demand-driven
20  resource allocation illustrated for conference bridges;

FIGURE 15 is a block diagram of a compre351on.
system to 111ustrate sxgnal domalns,

FIGURE 16 is a block diagram of a system for
transmitting. a digital signal over multiple-lowexr
25 bandwidth links utilizing inverse multiplexers; '
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- 8- FIGURE 17 is a block diagram.,of a system for
transmtting data signals over nultiple tw sted pait | i nks;
FIGURE 18 is di agram of a system for 5 transmtty SokAS7s 2Nd
audi o signalgggséﬁ' ltiple tw sted pair |inks; ¥Ho 6

"~ FILGURE 19 is a block diagramof a system for transmtting a single
anal og signal over multiple tw sted pair |inks; 10
FIGURE 20 is a block diagramof a system for transmtting a single
anal og vi deo signal over two tw sted pair |inks;
FIGURE 21 is a block diagram of a space ~83i vi si on transni ssion system

of FI GURE 20 which

22 is a block diagram of an au

pair |inks;
carrying a digital

i ncl udes 1?{%%§€i%ﬁmqé’§iﬁﬂgﬂk diagram of Peﬁy tekagyRE

AN ¢ conpensar] on syster ]
transmitting| dgRe Fignals vsak WRHgiRAR obwistsdi BaiFor
figpkan i n near-raw formover tw sted 20 pair |inks;

FIGURE 24 is a flow chart of a nethod of | ocating distributed

conferencing units;

5

10

1s

20

25

FIGURE 18 is a block diagram of a system for
transmitting video and audio signals over multiple
twisted pair links;

FIGURE 19 is a block diagram of a system for
transmitting a single analog signal over multiple
twisted pair links;

FIGURE 20 is a block diagram of a system for
transmitting a single analog video signal over two
twisted pair links;

FIGURE 21 is a block diagram of a space
division transmission system of FIGURE 20 which includes
an audio signal;

FIGURE 22 is a block diagram of an automatic
compensation system for twisted pair links;

FIGURE 23 is a block diagram of a system for
carrying a digital stream in near-raw form over twisted
pair links;

'FIGURE 24 is a flow chart of a method of
locating distributed conferencing units;

FIGURE 25 is a block diagram of an embodiment
of a server;

FIGURE 26 is a block diagram of an alternative
embodiment of a server capable of handling analog

or twsted



FIGURE 25 is a block diagram of an enbodi nent of a server; 25
| aaram of an _altiernative enhodinent of a server

FIL GURE 26 i
capabl e of han
PCT/ US95/ 13016
sour ces;
sequence
5 sharing s
Best Mbde For
of an enbodi
accordance wt
The mul t
functioning w
room based sy
I ndi cated by r
with a standar
di gi tal
I-nterfacing pr

| SDN, SONET, X.data sﬁamsmésatiwwmé&&onegw MVRQFE?FSrF WWF&"’f ace
capable of conBdiigNsesdiom or additiganalalddieed patticripantt eifaee i's

herein referre

10

15

" 20 -

25

30

dl i ng anal og WO 96/ 21986

| _ sources, switched LAN sources, and DSO based
’vq%mmumm and FIGURE 27 is a fIQuqﬁﬁgyﬁmﬂﬁ a

data communi cations transactions for invocating a w ndow

ession or adding-a later participant in a conf erence.
Carrying Qut The Invention A Dblock diagram
ment of a mul ti medi a tel ecommuni cation systemin

h 10 the present invention is illustrated in Figure 2.

i medi a tel econmuni cation. s§%ten1|s capabl e of

S rst  type of mul tinmedia morkstatlon
A ence nuneral 15 100, is one capable of |nterfaC|ng
di zed network interface traditionally used in a public

t el ephone gﬁbgﬁﬁk 7 @&a@'ffowfcﬁéﬁdafdhz%@qﬁ%h’é@r 'ﬁf

otocols in ut are not

(jéﬁ%éFEnce. a traditional network interface (TN).

Best Mode For Carrying Out The Inv

A block diagram of an embodiment of a
multimedia telecommunication system in accordance with
the present invention is illustrated in Figure 2. The
multimedia telecommunication system is capable of
functioning with two types of multimedia workstations or
equivalent room-based systems.. A first type of

multimedia workstation, indicated by reference numeral -

100, is one capable of interfacing-with'a standardized
network interface traditionally used in a public digital

telephone network. Examples of standardized network

interfacing protocols include, but are not limited to,
T-1, T-3, ISDN, SONET, X.21, and X.25. A multimedia

" workstation interface capable of connection to a

standardized network interface is herein referred to as
a traditional network interface (TNI).

A second type of multimedia workstation,

indicated by reference numeral 102, is one having an
interface which is not currently supported by the public
digital telephone network. A multimedia workstation
interface according to this second type is herein
referred to as a nontraditional network interface
(NTNI). NTNIs are typically designed based upon the
particular workstation rather than the public digital

network.

t%})&%at y &Hhe@'ﬂm% ' Kinid igHtS iised sourdds;val ent

-



A second type of nultinmedi a workstati on, i ndi cated by reference

numeral 102, is one having an. .25 interface which is not currently
supported by the public .. .. digital telephone network. A mul tinmedia
vior kst ati on i nterface ‘according to this second type is herein
referred to W@92M8htraditi onal network interface ( NIGF/PSOsANS- s
are typically designed based upon the 30 particul ar workstation rather
than the public digital net wor k. WD 96/ 21986

PCT/ US95/ 13016 -10-

The workstations 100 and 102 are illustrated as being located within
one of a plurality of user premnm ses =197a- 104e. Five different
types of user prem ses_are descriped for the purpose aof

illustration. 5 The user TPPeMPEESEREIORS I/ ARD IP% AL A nstretst ons
gach having a TN . aehebeimgsflacated withie user of cal gElurality 16fauaer

directly connect ed.ﬁtanas'egcaio@&biéfe.di 9i pbe differdftWOE{pdP6 ¥ Weaps of

a conventional digi carrier 108 10 The us

. \ r
prem so 104b i ncl IREETIRES, ERrfescTibed tgy kheaprERRse of A 1ARETGEIOPN |
coupl ed to an 8 nt erthe user prepisei s®ixdnuludest one oy Jtere Wbikstheions

I nternal prem se | i on yst : C H“E‘ﬂé Lt t he
wor kst ations via TlﬁEEChar}ll%gngg\%, esi f o?hgh‘gézﬁ%t 0 %ggcgss gfé&tsgrgﬁggfocal
public digital netif4e B Airenyly comnected Egadpllochd publipndpgxtst
corporate Fractionaletivod® 106" by means8r 65Sacemmesit ivtadlcldigital carrier

The user premse 1 I ncl udes one or nore wor kst ati ons each havi ng
an NTNI. These workst'ations 20 comuni cate with the local public digital
net wor k 106 via a nmultimedia central office 112 using conventional

twisted pair g4 existing W frhenusekelpehase 119ap pirliudes one T6f more
e ot B bhe TR Moupiea & sl fncermay
premise communication system 110. The internal premise
communication system 110 communicates with the
workstations via TNI, and provides for sharing of access
15 to the local public digital network 106 via TNI. An
example is an ISDN PEX or corporate Fractional T-carrier
cross~-connect switch.

The user premise 104c includes one or more

workstations each having an NTNI. These workstations

20 communicate with the local public digital network 106

via a multimedia central office 112 using conventional

twisted pair 114 existing within a telephone loop plant.

The multimedia central office 112 employs the same NTNI

as the workstations coupled thereto. The local public

25 digital network 106 is coupled 'to the multimedia central

office 112 by means of a digital carrier 113 which
employs a TNI.

The user premise 104d includes one or more

workstations, each having an NTNI, coupled to an

. 30 internal premises communications system 116. The
internal premises communication system 116 communicates

with the workstations wvia an NTNI. Preferably, the



25 digital network 106 is coupled to the multinedia central office

112 by neans of_a.diqgital carrier 113 whjich enploys_a TNl

The user prem se 104d includes one or nore wor kst ati ons, each having

an NTNI, coupled to an 30 i nternal prem ses communi cations system

116. I nternal prem ses conmuni cati on system ek ni cat es

W th the%m lons via an NTNI. Preferably, the %@8@@@6/ 21986
PCT/ US95/ 13016 _ -11- i nt er nal
prem. ses conmuni cation systemis capabl e of provi di ng both

I nt erconnection and resource sharing functions, such as the sharing
of public netmnrk access : ‘to the nmyltimedia central office 112, using -
NTNI used to connunlcate mnth t he w&ﬂkstatlons An enbodi nent of

such an int ere ke e GaLLER1 of Y s capafieScéibed in
copending U. S cat ée al %2
The user prem sE’-‘EPUiéipﬁclm amemometim a&érl&ﬂﬁﬂ% shatin%avi ng

NTNI, coupl ed tﬁuaatiansr Nélch as ther 8HasEnRg @Drpnbmoahleeﬂorksaeém 120.

The Tnternal  co cnd N GRATNLES |43 VST Jifld Tt GRed £Y5 O

fror conver?l
i nt er nal pﬁenls§§mm66ﬁﬂ%ﬁ§c3 thn§h es?@F@ﬁFQge°n$s 18n  emkediRent; efe Ioca

public digital paenorinlOfhtémmal premidéd mmdaﬁli’unorsysiemariser An

Gosoribed . dRforiped i’ BhEERRed s CoARRTRL AR BRF AT BB °

O her types of PBER3LeS523my be realized -based 20 upon a conbination of

the attributes of the above- described prem ses 104a-104e. For
example,  for a P e i "pBlis 4 548" 1883 u8ks" RI° IO TRELTN
10 workstations, each hav1ng NTNI, coupled to an internal
' premises communications system 120. The internal

premises communications system 120 includes a system for
converting NTNI signals to TNI signals As a result,
_ the internal premises commnnications system 120 is
15 coupled to the 1ocal public digital network 106 via a
| TNI such as ISDN or a T-carrier. An embodiment of such
an internal premises communication system is described
in copending U.S. Application Serial No. 08/131,523.

Other types of premises may be realized based
20 upon a oombination. of the attributes of the above-
described premises 104a- 104e Por example, for a
premise with all workstations or rooms using NTNI, some
parts of the public network access may be done via NTNI
and other parts via TNI. Moreover, for a premise with
25 some workstations using N'I’NI and other workstations
using TNI some parts of the public network access may
be provided by a multimedia central office via NTNI and
other parts by a public local digital network via TNI.
_ Many other combinations are apparent to those having
30 ordinary skill_in the art.

The embodiments described thus far illustrate
how workstations or rooms may access both a multimedia



parts of the public network access nmay be done via NTN and ot her

parts via TNI. Nbreover,-fotuauprenise with 25 @ sone workstations using
NTNI and ot her workstations.: using TNI, some parts of the public
network access nm bé provided by a nultinedia central ' | a
NTNI and wo?fdi%ﬁ‘ parts by-a public local digital networl!""\%‘jggglﬁ‘ﬂ“.Y‘g

- Many ot her conbi nations are apparent to those having 30 ordinary skill in
the art. The enbodi nents described thus far illustrate
how wor kst ati ons or roons may access both a nultinedia WO 96/ 21986
PCT/ US95/ 13016 -12- central
office and a local public digital network12- regardl ess of whet her

NTNl or TNl is used fo blic.. netwqrk access.. This.results from
the use of the  CSRHFRL JLRAGS | BPS1 R WRCAR | PRELLS hRitAL oip ootk
central 5 of ficsegapdiesstht wbethepuNINE drgiNdl imetussdk f@6. pulalic
nurﬂtﬂerl thgmlt' ﬁg'ﬁeégbi‘kﬁ%%d‘e%?.be Hh];!?! et hﬁrct:m thedrméé! Eszglehe
central office and. ot'her _network offices. 0 .descri be S

i s di scussed Iater.glgltai carriexr {ig‘RggéébaégﬁsbéhﬁrEVEEéﬂeabaacﬁP agfea
public 10 disgitabffidceotk2 1@®] thecpoosdrpublice difgited oetwork 106. A

arbitrary publ[c nehﬁﬁ%&§1o!?hﬁﬂtiﬁ@&i§p859§§365-cbﬁ e provided Ty the
approach, the local ﬁg lic dlg%gal QetFPrk 106 I.s - linked to_the w de
area public digital "HiF3BeRia Bentral o 1°“m§-&161’s‘8’fida°"cheg‘?f‘§r="85}‘r? iges -

15 | n ateebendesqpilmallh, ashés| diatupsdd i katri t al net wor k
Is linked to a regional hub office 126 by a first digital carrier

130. The regional hub office 126 is linked to the wide area publjc
digital network by a séﬁﬁﬁfsdi'-'@ntkﬂe PrPvided 189 aTNide cjfem apuntie

office 126 2010 i sdigpusl e meitworrkyviiia\g represéntutived opfil agne oandhare

services functions pah; Loy 4641 hRewdikECludil hilny approaches. 1In a
first approach, the local public digital network 106 is
linked to the wide area public digital network 122 by
means of a digital carrier 124.

15 ~ In a second approach, the local public digital
network is linked to a regional hub office 126 by a
first digital carrier 130. The regional hub office 126
is linked to the wide area public digital network by a
second digital carrier 132. The regional hub office 126

20 is capabie of providing networking, topology, and/or.
services functions not provided by the direct digital
carrier link 124. For example, the regional hub office
126 may be capable of switching and transmission
concentration for the dedicated lines used as the

25 digital carriers with the multimedia central offices.
Further, the regional hub office 126 may be capable of
directly providing a number of multimedia services.
Also, the regional hub office 126 may act as a strategic
locatio¢ for geographically-sensitive functione such as

30 video messaging storage and conference bridge servers.
In additionm, Iregional hub offices may be used as
gateways to international wide-area telecommunications
services.



~carrier link 124. For exanple, the regional hub office 126 may be

capable of swiiching and transiission concentration for the dedicated—
lines used as the 25 digital carriers with the nultinedia central

of fices. Further, the regional hub office 126 may be capabl e of

directl ywlb&fng a nunber of mul tinedia services. PCTAISSSN301i6he

r egi onal ice 126 may act as a strategic | ocation for
geographi cal l y-sensitive functions such as 30 vi deo nessagi ng storage and
conference bridge servers. In addition, regional hub offices may be
used as gateways to international w de-area tel ecommunications -
servi ces. WD 96/ 21986 - - )
PCT/ US95/ 13016 S m1s- -13-

o ecomun cati ong. oyerertih WHS 88 BN régional by [bEEdcs in o
is optional. Prueiti@edia & qmmlcatl%? %V"Fteed'} &Ha?gﬁggsgﬁ% c%{%/kgnt on
dictated by thethel prdssht ifiventientis epbtilinek. arRractiigaldyevthe amd

econom cs of a of uI tat el ect ed
f eat ures and ecoﬁoraﬁ cse%g?p a% o}%g)ra i%@eri@ df&ated tbaﬁl%l?le sele?ﬁflfl nmedi a

t el econmunBcat | §83tuyes ewhich are Lo be M&g‘gﬂy I eanoal Sﬁe fror e
national hub 1Bart9éxﬁ1£esintﬂéulentlatdono the wi de area public di g| t al

tnetwork The nati-onal hub ‘offices 134 may provi de’ - switching and
ransm ssi on concentration- f.or dedi cat,ed | i.nes
digital carriers with tHielected fPééPSﬁﬁl%tF‘iﬂ’ﬂ“Eé’? SF e ﬁ%?l hedi a

central of ficesjimpiémentatiidicof atmidvimeddasteledompiunicatioBs systeMrect|y

provi de sone rrultl di
geogr aphi cal | y- aYci |\6/18e unctcﬁg ugilffinfsoﬁeréregd&e natioddlcaﬁuﬁms for

i.e. a coddtry, offices B34 1lnke‘%n§6d|trh9nt§1‘3ﬁ Fﬁ@amﬂ% écaltgft o
tel ecomuni cat i gaswS¥Rt €M THE natipnAbvhuterof fives 134 a malyur providef

~s.national hub ‘éag‘jf_%égegnd tQLH%ﬁ{.I Lio r?f Qéﬁéél{\?éaﬁ% ofgdcesampy be

. redundantly errpFB singl e poli nat.l. ]c_)n
' ded:.cated lines used as 1gita carriers with the

regional hub offices or the multimedia central offices.

15  Further, the national hub offices 134 may directly

| " provide some multimedia serv:.ces, or act as strategic
| locations for geographically-sens:.tive funct:.ons.

_ A political nation, i e. a country, gerved by

_ embodiments of the multimedia telecommunicat:.ons system
20 may have zero, one, or a plurality of national hub
| offices. A plurality of national hub offices may be
redundantly employed in a single politieal nation for

the purpose of providing improved reliability of
'servn.ce National offices can also be’ used to prov:.de

25 gateways to 1nternational w1de area telecommunication

- gervices.

'I‘he use of regional hub offices and national

hub offices allows for a non-common carrier operator of

an embodiment of the present invention to implement a

30 multimedia telecommunication system as a private
sw:.tched network formed from dedicated digital carrier
gservices offered by a common carrier. More



the purpose of providing inproved reliability of servi ce.

Nati onal offices can also be.used to providée 25 gateways to

i nternational w de-area te}econmunication servi ces.

The use of r '%ﬂvhub of fi ces and nati onal . hub of fi fugié#?ws for
a non-conmmon "caj oper at or of an enbodi nent. of thé’iﬁ. 5

I nvention to inplenent a 30 mul timedia telecommunication system as a

private switched network formed from dedicated digital carrier
services offered by a comon carrier. Mor e WO 96/ 21986
PCT/ US95/ 13016 -14-

specifically, the non-common carrier operatol4moul d I nt erconnect the

wor kst ati ons by nea s L] Wi ed digital.carrier services
connecting.the pr emgéggg'%é%hﬁ tt%grru???'rr‘é%’%eﬁ?f'ﬁf‘eﬁf {qREFatey; jwould
dedi cated |ines anpAftersonnegsfe theomexkstationa| by meqmr fal (Adshwibghedgy;
ang ™ (iii) dedigatey bh‘lzlﬁﬁei-i Bé?@ﬂcé@' é%xﬁ?é%ﬁd‘gejrﬂﬂé"pﬂnﬂihéé;é t:fof a

an preni ses Wi i ges_and, nation . hub offices.
It is noted that a %‘g%ﬁé‘gg?r?gxggﬁﬂr f%f’ce' CER e‘ih"%‘?ﬁﬂ)d’r%“rﬁ Frorde
present inventi®on neBd Msothey in | Endbht owxartinlr episinatopologyt;i omad
el coommuni cat i ons. Sestmir meii o AN R S ad St eal T5Es foos

of fi ces which provi aéal\m BT Ees Slﬁgafﬁgmn& hum§3‘rf3°§§ faf| nagional
net wor k- based mul t i holli of £iares .ce3t aiml noted that e exbrmesi-carzieposperator
Typically, —a plurabellamenbodindit tbECErR ChRlddls OLbyERE18A° iRl HEK!

wherein the mul ti nedi a central offices_‘are netwo t oget her by
means of a cof¥ent i HHR e‘&%’?ﬁrﬁ‘p@dﬁcﬁtefegéﬂﬁ%e?rdf“dfnal officesrnative
means such as line-of-site mcrowave, 20 spread- spectrum radi o,

satellite, or private fibre opfi | i gk& h .
Oy ﬁ_r?%%jfce 'na%g‘édﬁ'?ﬁ%r of 18"h Oimedia

mul ti medi a central of{ices, , e ?fé val ue in 1ncludling
addi tional nodes “eleFOMMYRICALIQESSYRLSR ANCIYHE Spe A3 Bope Mpkt ingdisal
hub central offices which provide NTNI access to nearby
users as well as network-based multimedia services and
15 reduced-cost transport. Typically, a plurality of

multimedia central offices are employed, wherein the

multimedia central offices are networked together by
means of a conventional common carrier service, or by
alternative uiear;s such as line-of-site microwave,
20 spread-spectrum radio, satellite, or private fibre optic
links. In siich a network of multimedia central offices,
there may be further value in including additional nodes
in the network, namely, one or more of the regional hub
offices and the national hub offices as described above.

25 Alternatively, one or more regional hub
offices and national hub offices, optionally
supplemented by one or more multimedia central offices,
may be directly accessed by users using TNI digital
carriers provided by' a common carrier. This is

30 beneficial in providing network-based multimedia

- services with a reduced transport c¢ost but without
requiring NTN1 for access.



of fices and the

nati onal hub offices as descri bed above. 25

Alternatively gue. or nore reqional __hub offices _and nat i onal

hub offices, . optionally suppl emented by one or nore nultinedia
central offices, may be directly accessed by users using TNl digital
carriers rgvided by -a comon carrier. This is ~eekeneficial  in
providing“ﬂﬁgé k- based nultinedia services mﬁthggnpggﬁggg

transport cost but w thout requiring NTNl for access. WO

96/ 21986 _ PCT/ US95/ 13016 _

-15- Each of the offices and the networking anong _
t hem are now described. ~ Architectural variations which may be -
advant ageous for using LAN (local area ne%ﬁbrk) swi t chi ng hubs as

real -tinme switches for pag{g%y g&dthé of}.‘{.ggs’ M N el %f:%?‘% 3is a

fol |l oned by network

aspec

bl ock di agram ofthem amoapneﬁ@scnbedof Axchirerkisrh vaniatgions h;

accordance Wi th didie be advaitegedus Edyeasing. LAN T{ocdllldre diexworkt r al

office 10 i nc

. performng nult
Users with &N mdm efBfopudiicr caeel aresentedde(ﬁ
iteptldgy aspeeegtral offlce are connected directly to ‘the

- ' ~The multimedia central
i ncl udes - - one.or. nore UTP transceivers 152, to which

access the nult

digital 15 = swtch conpl ex 150.

of fice further
users wth

152 ‘are capabl gpfa tmenﬁd&wgceau&m, ofifdea, malaécaedandegwiah ghenal s

|é{$§ﬁ:;)(| X 3d g#ﬁl assvw'éaclh tiﬁ@f?éfi%cﬂe%o :Eggp%%c?:etgfzed

I nverse

NTNI ar eFégnrecs eiis va sblogk \dimgram of s embeddmens

cormuni cat ed bet vveen %.heinvenéfd the The mﬂtimg&{ia'a cen I}:[arlal OQE];IC’ge

Anal og vi deo and®
10

1nc1udes a digital switch complex 150 capable of

_ performzng. multlplexlng and inverse multiplexlng

15

20

-1

30

functions. TUsers w:.th TNI which employ switched or

dedicated d1gita1 carrlers to access the multimedia
central office are connected d;rectly to the digital
SWltCh complex 150.

The mult:.media central off:.ce further includes

one or more UTP transcelvers 152, to which users with

NINI are connected ‘via the UTP. The'ﬁTP transceivers
152 are capable of transceiving ‘audio, video, and
digital signals communicated between the UTP and the.
multimedia central office.r_ Analog video and audio
signals transoeived by the UTP transceivers 152 are
directed to a real time switch complex 154. The real-
time switch complex 154 may contain, for example, one or
more . analog switches, DSO cross connects, oOr switched
LAN hubs (used in an effectively collisionless mode)

therein. Data communlcation signals, such as Ethernet,

in the1r orlglnal 1og1ca1 form are processed by the UTP
transceivers 152 for appllcatlon to a data hub complex

156. .

In such an arrangement;'various'options for
processing UTP-transceived signals are available. For

n

ddi Byt Metwerkiers to

S

-



si'gnals. transcei ved by the UTP transceivers 152 are directed to a
real -time switch conpl ex 1I54.... The real - Ltinoe. switch conpl ex 154 may
contain, for exanple, one or 25 more anal og switches, DSO cross-connects,

or switched LAN hubs (used in an effectively col lisio )
therein. DaWR%@¥WA%ni cation signals, such as Ethernet, Pﬁ'ﬁ%"‘ﬁ‘ﬂ?

original logical formare processed by the UTP transcel vers 152 for
application to a data hub conpl ex 30 156. In such an
arrangenent, various options for processi ng UTP-transcei ved signals
are avail able. For WD 96/ 21986

PCT/ US95/ 13016 ~-16- - 16- exanpl e a

UTP carrying a converte V 35 S|gn conﬁgrted RS- 449 S|°g.n
may be transcei ved P52 carﬂ'%'i‘%c%l Fepyerted s¥ 38 o AERRLIOF & t he
feal -time switch convemﬂalksﬂmzhignalﬂemay hehe ddfidceiyrdc byv&he UIF?

my 5 optional 'ﬁ/réz{ééléiﬁfﬁ 489 Qﬂévééﬂr?ébééa%hsthéckeéiﬂ@irwesmtch
original V.35 or RS-4491 ormat. In_a secon

a converted V.35 sigMRist 2° éonver}feéi?'RStge O 3 EE@"?F&PIXPI%y“b% ma

transcei.ved andl tr coptfionaddybtcansfivrm the convarted i gjigmdls\Vbabk ointisthed

format by the UTP é&gf&aua%s%%' 68" R 108 nfh! | G LODeltnd Ecdiid Bl
e conbination o |taI.

switch corrpl ex

I ng

switch conpl ex UTP gRYTYiRg ReSPRYEHeRd Y 135 SAgRALeRT 13 4SOnYRF Ye%k

hub conpl ex 4486 sigmﬂeduayobe ottt Ensad iviede aind cnmﬂonaéd Gaxck thto
signals within the ggdti i%afient\f alg offy C‘ks 445"€ format n%'he r ptlp) NQ
i's used to provi de or | nt erconnectlon o users
attached to tHe nul%¥anrfeivers 152c§ﬁFr arpifakion gro Jfhe ddigidiale swtshgh
the digital aomipliead 16D3. | nterconnecti on anong users term nated on
20 a common nultinedia central office may be achi eved as fol | ows.

The combination of the digital switch complex

150, the real-time switch complex 154, and the data hub

complex 156 is used to route multimedia communications

15 signals within the multimedia central office. The

signal 1routing is wused to provide for the

interconnection of users attached to the multimedia

centrxal office, or as reachable through the digital

carrier 113. Interconnection among users terminated on

20 a common wmultimedia central office may be achieved as
follows.

Interconnection of UTP NTNI users employing
unlike NTNIs can be provided by the data hub complex 156
using service modules 160a-160c, couplea to either the
25 real-time switch complex 154 or the digital switch
complex 150, capable of performing the necessary
conversions. In general, the service modules 160a-160c
can provide any number of functions. For example, the
service modules may be é:apable of performing video/audio
30 codec functions, such as transforming between analog
video/audio and V.35 or RS-449, or storage functions as

may be used foy video inail.



I nt erconnecti on of UTP NTNl users enpl oyi ng unlike NTNIs can be

pravided by the data hub conplex 156 ysing service nodul es 160a- 160c,
coupled to either the 25 real -time switch conplex 154 or the digital
switch conpl ex 150, capable of perform ng the necessary

conver si g ’?&éh general , the service nmodul es 160a-160c T,ﬁﬁghprOV|de
any nunber unctions. For exanple, the service nndu may be
capabl e of perform ng video/audi o 30 codec functions, such as
transform ng between anal og vi deo/ audi o and V.35 or RS-449, or
storage functions as may be used for video mail. WO 96/ 21986

PCT/ US95/ 13016 -17-
| nt erconnecti on of UTP NTNl users errpl oyllhg _ converted V.35 or RS-449

signals with TNI- users cafh,g@rccnnectgbgwd}eq,@ ﬁ-h@;dﬁgé{.@l f’ﬂn gonpl ex
150. If the UTP . v&gn%fel vers 152:- do n rovr,gﬁ he trans or rat i ons
5 needed to pF&&XﬁF"— 3 BSrg4d Qﬂ'&r@ owikB TNTi paers can ket ch

150, then theprevjded by the (digédalt awbtigh cemplex 1S0appEfpthet@IBer vi ce
modul e 160a, asteuﬁhhamemvuazﬂzfo not pritAtidel Ehe kallstafmatibng, the

services dul es. 1 formthe transfor nmat. .ons bet weep converted
V.35 or 105 RSP&S e‘in?tﬂ‘ifé‘p 3N 35 9% BYoid9 |signads fe thendigital

152 do provi de swittharkStr mehenn, thei rignalnays pasuted thdoughtignfrom
the UTP transceaisﬁi—apéé%:é GdRA Y Hdathe 160a, Stk VaEPRBI£X D whd hout

the use of service serV|ce nod es 160a

i ncl ude those cﬁﬁﬁ%l‘%l’i% s"’-"tﬂh Hé‘f‘or W&c&hﬁr é?ybﬁe%r“‘ WSS <}
conver si on petfiorni the tegnsfermdtidme nswsene doereedl 605 dihese

servi ce mggul esﬁGQﬁga%ﬁi %g:%iﬁs@eﬁ-r ty,_. tR@edgr Vige trl‘%gﬁlrﬁstrans g‘f%rs usi ng

the real-time swt red use o rst pool
of service nodul@d ASoPERYide a@%s§rﬁn§§€%’pﬂ§bl gignals MY RAA%Rs 160c.

. For _ exanpitrettiky SEroti CEheTOUTP esradrffireivers 1521 sty adligital Vi deo
| ‘:'.corrpresa on devbﬁﬁcmdﬁlwf 158" %&Eﬁo@l%@%s@%& service modules.

'I'he serv:mce modules 160a include those capable

s of performing compress:.on or other signal conversion

~ functions required by the serv:.ce modules 150c. These

j_service modules 160a are accessed by the serv1ce modules

160c uslng the real -time switch 154 This allows for

shared use of a f:Lrst: pool of serv:.ce modules 160a

20 across a second pool of service modules 160c. For

example, the service modules 160a may lnclude shared

video compress:.on devices while the serv:.ce modules 160c

.'may include conference brldges and video storage

'servers Here. the real-time switch 154 permits sharing

25  of the compresuon dev:.ces for conferenc:.ng and storage
| funct:.ons '

. In ‘addition, accessing the service modules
160a us:mg' the real-time switch 154 supports
implementat::.on of complex feature combznat:.ons For -

30 example, the service modules 160c may include a pool of
K analog multi- -point conference br:Ldg_es ‘while the
service modules 160a include a pool of high-performance
video codecs. The pool of video codecs includes M of a



may include conference bridges and video storage servers.
Here, the real-tinme switch 154 pernmits sharing 25 of the conpression

devices for conferencing angsstorage functions. I n
addition, ac i.ng the servi.ce nodul es 160a using -tinme
switch 154 T8 “i'npl enent ati on of conpl-ex featurg}ﬁ’ssglﬁms
“conbi nati ons. For 30 exanpl e, the service nodules 160c may include a
pool of K analog nulti-point conference bridges while the

servi ce nodul es 160a include a pool of high-performance vi deo codecs.
The pool- of video codecs includes Mof a WD 96/ 21986

PCT/ US95/ 13016 -18-  _18- first type

and N of a second type, .Jhe real .tJ swi_tch 154, allo for sharin
of, these codecs acr ofs)lérsvta&sa’t?sghd iqrr"?fpoa‘r §c8¥ldtﬁépec'on#'gﬁeﬁ%%fbﬁ’&eges.w I's

al lows for support 154 ablowsfow|shaningofitthage gfodanm raaraas yanieusand
5 conference bri dgsoed iof vhel Conbeidniee brédyel Uerhief allows for MupptitN

as small as possible . e servkce I 60p _are
capabl e of - per?or ne1xrt]:§n§4i T a(rm‘?bﬁr{'c%q(?ﬁsss agkt ﬁ@%&#\#i@ﬁm %% and
160c, but do no¥ receenkexangen bridgecporta whiketkeeping the walaemdfl &

160a. M, add0@isTenhilohst Pessibld nedia central office
may provi de data stream networki ng wherein data streans are provided

to the users to serve various purposes. These purposes include: (i)
real -tinme control signaling 1Fhe fgerviemecddniesndlé6byviaxe ceanablle ofii)

rapid file tr apst@irning "BORLTdY eSuHECond GBARSHO! s@B¥ice modules
appl i cation-shari ngn]gé emen.%s ‘of, real -time coll apor
in

real -tinme drawing a R 900 AR SRS | B gadl 8@’;\‘5?)571’.0?" g#ﬁ‘l’&' the
application-shd®i ng ssmnise sodlilegalédane 20 col | aboration; and (iv)
general LAN interconnection.

_ Embodiments of the multimedia central office
may providg data stream networking wherein data streams
are provided to the users to serve various purposes.
These purposes include: (i) real-time control signaling

15 for connection and services control; (ii} rapid file
transfer of image files used in snapshot and
applicaﬁibn-sharing elements of real-time collaboration; -
(iii) real-time drawing and pointing commands used in
snapshot and application-gharing elements of real-time

20 collaboration; and (iv) general LAN interconnection.

To support data stream networking, the

multimedia central office may be employed as follows.

Any UTP NTNI user data streams which carry data

communications signals in their original logical form

25 are presented to the data hub complex 156 by the UTP

transceivers 152, Any UTP NTNI user data streams which

carry data communications signals converted to V.35, RS-

449, or a similar interface are presented to data

routers 162 with a corresponding V.35 interface, an RS-

. 30 449 interface, or a similar interface via the digital
switch complex 150. Any UTP NTNI user data streams
which im_n;ilve processing or action outside the
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computers 164 to be coupled to other elements within the
multimedia central office, typically'_uling either a
serial or a parallel interface The computers 164 may

'.be employed to perform any of the following functions:

20

25

_ 30

(1) provxding person-based directory services and
routing servioes,__ (i1) prov1d1ng resource-based
directory serv;ces,_(iii) providing resource allocation
services; (iv) controlling the connections implemented
by the digital switch complex 150 and the real-time
switch complex 154,_(v) controlling hardware systems
within the service modules 160a-160c; {(vi) implementing
any computer-based serv;ce feature (such as call
forwarding, person locator, and application sharing
host); and (vii) adminiétration,'usage, and pre-billing
processinéufunctions; ' '

In addition to prov1d1ng interconnection of

users terminated on the common multimedia central

~office, access may be. prov1ded as appropriate to one or

.more other multimedia central offices, a regional hub
office, a national hub office, a public digital network,
or a private network. Here, the digital switch complex

-19- mul ti medi a
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switch conmplex 154; (v) controlling hardware systens wi thin the

servi ce nodul es 160a- 160C; Tvi )T hpl enenti ng .. any conputer-based
service feature (such as:-call 25 forwarding, person locator, and
application sharin host) and (vii) adm nistration, usa e, and
pre-billing WO%2886&cessing-functions. IS ¢ o

- providing interconnection of users termnated on the conmon
mul ti media central 30 of fice, access may be provided as appropriate to
one or nore other nultinmedia central offices, a regional hub
office, a national hub office, a public digital network, or a private
network. Here, the digital switch conplex =20- V\D 96/ 21986
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coupl ed to these opfPOnsifi souwPleRli kgt &brede °Pt1°“ssmﬂ%héd dndjiqared P¥ er

166. In some circunswikchedodigital cartiedi 16t s, Imtsvae wdaesmboances or
conmmuni cation, suchg odlment AN Qg ﬁsor £6A1 @o'm*nhﬁ:.c%¥oxqel %Efég: O??I e

Figure 4 is a bl ock i\ramo an e ge regl ona

in accordance wth PR& 89e§%‘ﬁ%° or satleﬂ'} k€ oMY TRt u88fhodi nent of the

regi onal hub office may be viewed as a sinplified version of the
multinmedia central offi fgd:?ét 0 or, al.gcarr 0
access is suppgrted F Jwis'l'% b%g:#oﬁégb%!a{g Lf ?%eé‘lﬁéogﬁél%%t ed
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SOne circunst agces, agEbgs I potedqnmuni cation, such as anal og
radio or satellite, may be use g

The regional hub office is connected to one or
more multimedia central offices via a dedicated or
switched digital carrier 200. The regional hub office
may optionally connect with one or more national hub

15 offices, other regional hub offices, or other networks
via a dedicated or switched digital carrier 202
connected to a wide area public digital network. 1In
some circumstances, other means for communication, such
as analog radio or satellite, may be used.

20 Data switching is performed by a data hub

complex 204, which accesses the digital carriers 200 and

202 by switching with:.n a digital switch complex 206 and

data routers 210 f:.tted with appropriate interfaces such

as V.35 or RS-449. The data hub complex 204 accesses

25 one or more computers 212 for controlling the digital

switch complex 206, any real time switch 214, and other

elements of the regional hub office. The computers 212

control the switches 206 and 214, along with other

elements of the regional hub office, by means of serial

- 30 and parallel interfaces. The computers 212 may further

provide the above-described functions for the computers
164 in the multimedia central office.



20 Data switching is perforned by a data hub conpl ex 204,
which accesseg the digital carriers 200 and 202" by switching wthin a
digital swtch conplex 206 and data routers 210 fitted with
appropriate interfaces such as V.35 or RS-449. The data hub conpl ex
204 acceﬂgg%’zﬁ one or nore conputers 212 for' contr ol péfrasesfiseréi git al
switch co %6 any real tine switch 214, and ot her el enments of
the regional hub office. The conputers 212 control the switches 206
and 214, along with other el ements of the regional hub office, by
means of serial 30 and parallel interfaces. The conputers 212 may
further provi de the above-descri bed2 unctions for the conputers ‘

164 in the nul ti _madl a cent ral office. WD 96/ 21986
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the serv:Lce modules 216c include conference bridges and
video storage servers Here, the real time switch 214
permits sharing of the compressing ‘devices. Although
also true for real time sw:.tches in multimedia central
offices, it may be espec:.ally advantageous to implement

'_ the real- t:l.me sw;tches as a baokplane hosting service

module cards .

The inclusion of the regional hub office in
the mult:.media telecommun:.cation system may be. based
upon engineering and economic matters, which include:
(1) improved utilization of bandwidth facilities by
concentration of the demand; (11) J.mproved utilization
of services resource- by concentration of the demand;

and (:Lii) improved reliability and rapid failure

recovery by utilizing redundant ‘backup systems. An
J.mproved utilization of many typel of service resources
and minimization of transport ‘costs c¢an result by

'locat:.ng some of the service resources at the regional

hub of fices

'Fig'ur'e 5 is a block diagram of an embodiment
of a national hub office in accordance with the present

P



20 ' The inclusion of the regional hub office in t he

mul timedi a tel ecommuni cati®n system nay be based ~'upon engi neering.
and econom ¢ matters, which include: (i) inproved utilization of
bandwi dth facilities by -%*. concentration of the demand, éﬂﬂg oved
utilizati on WOB62I9%Kk services resources by concent’ tati on ofP ’éjé%

and (iii) inproved reliability and rapid failure recovery by
utilizing redundant backup systemns. An i nproved utilization of
many types of service resources and m nimzation of transport costs
can result by 30 | ocating sone of the service resources at the regional
hub of fices. Figure 5 is %2y ock di agram of an enbodi ment

of a national hub qffice,i agﬁgrdan %mwatgugh r esent 96/21986

PCT/ USO5/ 13016 imvemtion. PIEES connected)Fp gné
The national hub obfki ceore ceegiswiadd huboneffices and/owr oner egronabrehub

of fices and/or Oﬂlﬁlchnedi@r@entral of Bl ddgRAiad aC G ehe el bEe§wYtéhéd
dedi cated or switc to a w glarea

carrier connect
bl 1o 50 S of dPinatwsprtidr’ Hao addersd (TR Ride. 1#rep [ 20
perfornmed by & dat dipdbal netwmﬂnplex 234, which accesses the digita

carrier 230 by switching within a digital switch conplex 236 and data
routers 240 fitted with an appropriate |nterface such s. 10 V.35 or
RS- 449. The data hub conpl 4539:1':%%% dfle Performgd By cac A8k PP 242

for controlling theotipjjexal3siwiich accessempithe 23Gitall earedért23@ bswitch
244. The conputers gy maé% tlonc% % o (hAeen230nBidx20ds BhaNGah !N

ot her el enents o fice, ¥ serial 15
and paral l el interFQUEETS 24fL TiLkS ﬂ? 55?3H8§°Pﬁ ??@wlnterfacﬁrBVFHea?he
above-descri h@d fuNcBEoos RS+44%e (Theularss hub compléxi 238 hacoebsescona

gsni L:' office.  or more computers”edz !f¥0WBHcLOY By GIW AL RUS Bk pvigled
complex 236 and a real time switch 244. The computers
242 controlzthe switches 236 and 244, along with other
elements of the national hub office, by means of serial
15 and parallel interfaces. The computers 242 may further
provide the above-described functions for the computers
164 in the multimedia central office.

All through routed connections provided by the

national hub office are realized as point-to-point

20 connections within the digital switch complex 236. For

cases where the national hub office provides other

sexrvices (such as conferencing or video mail), the

digital switch complex 236 dynamically connects the

digital carrier 230 with service modules 246a-246c. The

25 service modules 246a and 246b directly access the

digital switch complex 236 while service modules 246c

require access to gservice modules 246a via the real-time

switch 244. For example, the service modules 246a may

include shared video compression devices while the

30 sexvice modules 246c include conference bridges and

video storage servers. Here, the real-time switch 244
permits sharing of the compressing devices.



nati onal hub office are realized as point-to-point 20 connections wi'thin’

the digital switch cooplex 236 For cases where the national hub

of fi ce provi des ot her servjces (such as conferencing or video mail),
" the digital switch conplex 236 dynam cally connects the di gi tal

carrier 23 enidseSer vi ce nodul es 246a-246¢c. The 25 Serpérfimedgigd €s 246a

and 246b Irectly access the digital switch conplex 236 while

servi ce nodul es 246¢ require access to service nodul es 246a via the

real -tinme- . switch 244. For exanple, the service nodul es 246a may

I ncl ude shared vi deo conpression devices while the 30 servi ce nodul es

246c¢ include conference bridges and 2gideo storage servers. Here, the

real -tinme switch 244 _ permts sharlng of the conpressing devices.
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-expensive
" data-LAN channel euch as  a swztched-Ethernet

1S connection. For example, a one-way broadcast -quality

' JPEG video stream requires approximately 7 Mbps of

bandwidth, and an uncompressed '16-bit 20 kHz digital

audio requires approximately 600 kbps. In the 1-3 Mbps

- range, MPEG I and II deliver higher compress:.on at good

20 quality, but require s:l.gnificantly more _ expensive

encoders. As a result, it is possible to carry video

and audio in packet:.zed digital form over the UTP using

conventional LAN protocols. If this approach is taken,

: some or all of the real time switches can be implemented

25 as high—bandwidth sw:.tchmg hubs. In some embodiments,

one or more of the follow:mg architectural variations

may be valuable. (1) carry:mg some or all network and

P _ ‘services control channels with:.n the real- time videc and

' audio stream, (:L:.) carry:l.ng aome or all shared image

30  files within the real time video and audio data stream;

' ' and (iii) merging of the real- t::une sw:.tches with the
‘data hub complexes.



encoders. As aresult, it is possible to carry video and audio in

packetized digital formover the UTP using .....conventional LAN
protocols. If this approach:is taken, some or all of the real-tine
swi tches can be inpl enented 25 as hi gh- bandw dth switching hubs. In
sonme enbodi NWO9E/21986 one or nore of the follow ng archit 13016
vari ations may be val uable: (i) carrying sone or all network and
services control channels within the real-time video and audi o
stream (ii) carrying sone or all shared i mage 30 files within the
real -tinme video and audi o data stream and (iii) merging of the
réal-tinme switches with the data hub c@#pl exes WD 96/ 21986
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15 user site. All types of access between a user site and

its serving multimedia central office are represented as

a generic user access. In the case of digital carriers,

this includes both switched and dedicated services. The

combination of a digital carrier between a multimedia

20 central office and a local public digital network, a

dedicated connection (not switched) provided by the

local public digital network, and a dedicated services

digital carrier to a regiomnal hub office is represented

as a generic dedicated link. Similarly, the combination

25 of a digital carrier between a regional hub office and

a wide area public digital network, a dedicated

connection ({not switched) provided by the wide area

public digital network, and a dedicated services digital

carrier to a national hub office is represented as a

30 generic dedicated link. Thus, generic access involves

any type of access used to link a generic user site with

. its serving multimedia central office, while generic

dedicated links represent any kind of dedicated (not
switched) links between pairs of cffices.



as a generic dedicated link. Simlarly, the conbination 25 of a digital

carrier betweepn g reaional hub office_and a wde area public digital
net work, a dedi cated cannection (not swi tched) provided by the w de.
area public digital network, and a dedicated services digital

carrier t onal hub office is represented as a 30 S3616C
dedlcatedapﬁﬁaﬂﬁ*Thus generic access invol ves an§c?§%e ot“access

used to link a generic user site with ~ its serving nmultinedia central
office, while generic dedi cated |inks represent any kind of

dedi cated (not smﬁtched) | i nks between pairs of offices. VWO
96/ 21986 PCT/ US95/ 13016 .
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.15 _ . Th:l.s topology is benef:.c:Lal in allowing the
explo:.tation of conventional bulk pricing of bandwidth,
':.mprov:l.ng the locat:.on of shared serv:.ce resources, and
| providing alternat:.ve access means for users which use
NTNI UTP to communicate with one of the multimedia

.20 central off:.ces 262. However, this topology does not

| prov:.de for redundancy for the ‘purpose of failure
immum.ty. Further, :|.n order to handle heavy traffic, a
‘brute- force approach of increas:.ng the number of trunks
in the 1links 264, 270, and .272 must be _employed with

25  this topology. B | E

Figure 7 is a block diagram of another example

_topology hav:l.ng provis:;ons for overflow and failure
cond:.t:l.ons As with the topology of Figure 6, a
plurality of user sites 280 are each coupled to a

30 correspond:.ng one of a plural:.ty of multimedia central
offices 282 via a corresponding one of a plurality of
generic user access links 284. Each of the multimedia
central offioes 282 is ooupled to a corresponding one of



in the links 264, 270, and 272 nust be enployed with 25 this topol ogy.
Figure 7 is a bl ock diagram of. anot her exarple . t 0pol ogy havi ng
provisions for overflow and failure condi tions. As with the

topol ogy of Fiqure 6, a .. plurality of user su;es 280 are each coupl ed
to a 30 covpgg'ﬂ?mh ng one of a plurality of multimedia ceREFUpIS3016
offices 282 via a corresponding one of a plurality of generi c user
access links 284. Each of the nultinedia central offices 282 is
coupled to a correspondi ng one of WO 96/ 21986
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of regional hub offices 286 by a cort2&pondi ng one of a plurality of
generic dedicated | i_nks 290 Each of the regional hub offices 286
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di gi tal network vi a anFaxekexr, |anpduzedity1of switched limgsmgarehis

L opol ogy, g bf ai | previded bgaway swztchehopdb{ﬂﬂc Oaxzﬂ@apfrtx%fﬁoﬂ Nkgo 28Qr can
e recovere an Q e settin
connecti on y I%‘ag ﬁn? gvgljﬁ?on'hgéa 7)#1 c dl@afm? #l?fé? V\Dﬁyggbglﬁg}?\’é

access |inks 302 aFrHeBM t{-@?‘ﬁ%e@ﬂ%h@%ﬁ%ﬁn@@?l eqcess thet Awihched
alternate onacof tpeblegi odigituld Qetwerk 266a a.t:ceéé1r Q4eikst NgogW tehed

public digital net n access |1 s 30 304 Li1)

setting up a Wg%%?lé%?l ?)%b fl&r?es %l@? %f?l %ﬁq}% Pﬂ"ﬁ

282 through the swPightdl paetverkiigia aacqe@mdrzmcsoem and the nat:.onal
office 292 accesses the swltch_qd public digital network
via an access links 306. |

15 Using this topology, a failure or heavy
loading of one of the links 2§p'¢an be recovered by any
of the following steps: (i};setting 1#: a connection
through the switched public digital network 300 using
access links 302 and 304; (ii) setting up a connection

20 with an alternate one of the regional hub offices 286
through the switched public digital network 300 using
the access links 302 and 304, {iii) setting up a
connection with one of the mnltlmedia central offices
282 through the switched publlc digital network 300

25 using two of the access links 302. or (iv) setting up a
connection with the national hgp office 292 through the
switched public digital netwo%k'3oo'usin§ the access
links 302 and 306,

Similarly, a failure or heavy loading of one
- 30 of the 1links 294 can be recovered by any of the
following steps: (i) setting up a connection through the
switched public digital network 300 using access links



25 using two of the access links 302; or (iv) setting up a

connection wth the national hub office 292 through the switched

puﬁ!lc digital network 300 using the access | i nks 302 and 306.

?gg1larlé,ba fallure OL heavy | oadi ng of one 30 of the links 294 can be
overe an t he follow ng steps: (i) setti pfeonNnec

t hr ough t M é’y %k switched public digital ne?mnrﬁ éOO us?ﬁgnggggg? Iinﬁg o

WD 96/ 21986 PCT/ US95/ 13016

-27- _ 304 and 306; (ii) setting up a connection with one of

the nultimedia central offices 282 through the swtched public

digital network 300 using the access |inks_302 and 304; or (iii)

setting up a connection with one of 5 ~2fhe regi onal hub offices 286

through the swtghed pgbLhe. - (44 s‘gi‘giffﬁﬂtﬁeé‘% It H Whedfof he

access |inks 304 e or av ‘té ng pf
t he regi obbe mmﬁi@e§eﬂssalaﬂf%F?%&ﬁ?eFSJ° agl og“ o O
fol I owing st eIOS Gblic S@idifdl Uietwa 00 iwiing ttthearacdébs Linles (842 one

AL e i g e SRR g0

connection & th the resiOnalnhuboﬂ%ticmﬁa 2861 throvah swakched Jc‘hed

public di gi &8t al I3 ABouGBIEg! BiRo 2OF afe lactens312nkad3806; 15
or (iii) setting up a connection wth one of the mul ti nedi a
central offices 282 through the swtched : publ.i-c digital network 300

using two of the access |imk§ailure ogozheavy loading of “ome opfi |thgy 4
failure or heavygh ? L0 Wb [dEE1c88 2863¢A0 K MveEEHbeZ%O:m the

recovered b :
with one ofy anyfd}ﬂ'éf?%g?ffﬁ?fo'%POP??E%&&IO@% %h tclttﬁg g\?\f ?&1 ;e)ﬁll;): |Ocr:]
digital’ neunork aDfersatsy cnecof thekregignagupuhmofgeces 286 through
' the sw:.tched puhlic d:l.g:.tal network 300 ‘using access
links 302 and 304 _(ii) ‘setting up a connection with the
national  hub ‘office 292 through the switched public
digital network 300 using the access links 302 and 306;
15 or (iii) setting up a ‘connection with one of the
.. multimedia central offices 282 through the switched
public d:.gital network 300 using two of the ‘access links

302,

L Similarly, a failure or heavy '1oading of the

20 national hub office 292 can be recovered by any of the

- following steps. (i) setting up a connection with one of

the regional hub offices 286 through the switched public

‘digital network 300 us:Lng access 1inks 302 and 304; or

} '_ (1:.) sett:.ng up a connection with one of the multimedia

25 central offices 282 through the switched public d:.gital
network 300 using two of the access links 302.

One having ordinary gkill in the art will
recognize that the trade-off in cost between switched
services, dedicated lines, and  minimum cost load

30 balancing of the off:.ces 282, 286, and 292 can be
exploited in creating a speczfic 1mp1ementation of the
present :.nvention In particular, implementations way



(i) setting up a connection with one of the nultinedia 25 central

of fices 282 through the svm""ﬂ:'}ield public digital ...... T netwrk 300 using

two of the access |inks 302. One-.having ordinary skill in
the art wll recognlze that the trade-off in cost between sw tched
services, JEAP#2BY |ines, and nininum cost load 30 PCHUSSAMNG of

- the offices 282, 286, and 292 can be exploited in creating a
specific inplenentation of the preséent invention. In particular,
i mpl enent ati ons may VW 96/ 21986
PCT/ US95/ 13016 - 28- be created
whi ch stochastically mininize operating -28- cost s.
Figure 8 is a bloc dla Lam | ternative t opol ogy whi ch
utilizes redundant ﬁﬁg 3€i? E§§t°éh§5ti?ﬁél§ddmt Rige | operaking
offices are incltuk99ﬂq$-th|s topol ogy in order to obtain higher
reliability and trunk availability. As with the topology of Figure
6, a plurality of user ites ZD arﬁé gh coupl ed
correspondi-ng one of a plura dizgrap an-GﬂFPE§§t329 vi a

a correspondi ng onéopllegyl whdiicht yutuflizes regbmelant: Ukitksacand s offifilces324.
Bach of the ms!imadic? adaitioh&R! ahkaf %h{ggéfggéeﬁsafguﬂnglu&é)dainl ERsL one .

.of a plurality oé reglona hub of rrespond

at | east one of a BYyiR %EFPCOMI}:MHeFI Fgkiahil 1"389“ Eﬁ'éhkof
t he regi onal hub ohthésbslﬁtys cp| elitho the tomdldgyaseéf oFegtgei @)al a

office 332 by a co n t st e r f .gengric
et M ?ﬁ%ﬁ@ﬂgy bfluger si ‘éﬂ Bﬂf' Fggaa“oﬂ%&] @éﬁ%i’er%m g:f g

t opol ogy in \ﬁﬁFEﬁsPBBﬂHé%rﬁn‘f |‘?‘ﬁ<sal ’%ﬁ#ﬁ%fe?%i‘@%éﬂﬁﬂhédcwtﬁaho
swi tched |ind®. AoﬁEmceblBgzoblasarcsrreepéﬁﬁhmgebmacﬁf a pluff@liptypdofo a

correspondlng one ggngr@&Uﬁgéft¥bég qks”%'h'”E%thCSQtEﬁL 8“£%§§é?$%i

via a correspondln% one g eneri c user acc
354. Each entral offices 322 is coupled to at least one of a

plurality of regional hub offices 326 by a corresponding
at least one of a plurality of generic dedicated links
15 330. Each of the regional hub offices 326 is coupled to
at least one national office 332 by a corresponding at
least one of a plurality of generic dedicated links 334.

Figure 9 is a block diagram of a topology in
which redundant links and offices are combined with
20 switched lines., A plurality of user sites 350 are each
coupled to a corresponding one of a plurality of
multimedia central offices 352 via a corresponding one
of a plurality of generic user access links 354. Each
of the multimedia central offices 352 is coupled to at
25 least one of a plurality of regional hub offices 356 by
a corresponding at least one of a plurality of generic
dedicated links 360. Each of the regional hub offices
356 is coupled to at least one national office 362 by a
corresponding at least one of a plurality of generic

30 dedicated links 364.

A plurality of switched lines are provided by
a switched public digital network 370 for handling



of the multinedia central offices 352 is coupled to at 25 | east one of a

plurality of regignal _hub offices 356 Dy g.correspondi ng at | east one

of a plurality of generic dedi cated |inks 360. Each of the regional
hub of fices 356 is coupled to at | east one national office 362 by a
correspon | east one of a pl urality of generic 30 pdGgdeSAdess | | NkS
364. %&MS“ A plurality of swtched |lines are provi gg@ge a
switched public digital network 370 for handling WO 96/ 21986

PCT/ US95/ 13016 - 29- overfl ow
and failure conditions.. Specificall y, the mul timedi a central

of fices 352 access the switched - | |c digital network via access
links 372, the regi onal -hub of fi ce 9556 access the switched public

5 di gltal net a S 7 a{% - nat ;;ga of e 362
accesses the SWWthKrE;SQP%ISz?SdIfHNaﬁfe? éon e, § anhaccf‘g'é' g Iéh s 376.

The topol ogy of WHR4h § Firep 352 ?“Fﬁ’ﬁﬁﬁtﬁ‘hﬁo Beitched | yre
and heavy | oadi ngubbieconfuayitsan :tﬁtworko tvia tagmesegy ldhkbi gave, 7 cinsl t he
t opol ogy of Figu p ti

Eﬁaional ﬁub offices 356  accefs PLtRE sﬁﬁg:égwne né@i:?c Che

seérvi ces I’T’B.g pr ovI varli ous entities uslng

present i ndagitah. net;yquq,gf B R5ESeh LinkeoR 74, c%ﬁhﬁaﬁ‘?%‘?“ﬁ]@ 15
provi de the nul t bffiica 362 dorensesi ther sekecehed \peimier digital i metp@sdiner ship

wi th another ent], ﬂgg) Ay ‘with a“'UTP | oop plant can use
NTNI s for user ac%ess Aa R IL'?%; l:ﬁFtl nedi a central offices. Wthin the

mul ti.nedi a central offlce each which could be as physically small 20
as a large wiring closte tdpoXogypubt diFligureVigdgsrovides Civgreaed on
units ("codecs” | € r u r
conversion of t himﬁﬁ:ﬂi‘.tp}g to Bl:)Eﬂ f%iihztei]gnd heavﬁi G.‘I.o\éd&?ign]?g c&?pizcison

10 to the topology of Figure 7 and the topology of Figure

8.

r—r

~In practice, multimed:.a services may provided

by various entities uling embodiments of the present

, invention. A first approach is for a common carrier to

' 15 ._ prov:.de the multimedia sezvices, either exclusively or

" in partnership with another entity. A common carrier

‘with a UTP loop plant can use NTNIs for user access to

the multimed:.a central offices. Within the multimedia

central office, each Wthh could be as physically small

- 20 as a large wiring cloget in a building, video

compression units ("codecs“) can be included in the

service modules for convereion of the N‘I‘NI signals inte
streams appropriate for TNI d:.gital carriers.

| TNI digital carrier terminations (i.e.,

25 CSU/DSUs) , multiplex:.ng, and codec eguipment can be
shared amorng many users access:.ng them by means of UTP.
There are no knowh tariffed publicly offered services
of this type

_ - UTP transceivers may be used to reconstruct
30 converted LAN signals and present them, via a data hub
complex and routers, to the digital switch complex for



streanms appropriate for TN di gital carriers. | TNl digital
carrier termnations (i ,.25..  CSU DSUs), .mul tiplexing, and codec
equi pnent can be shar ed am)ng many users accessing them by neans of

UTP. There are no kriowh tariffed, publicly-qffered ser
this type. WO9621986 UTP transceivers may be used to ﬁ@%ﬁﬁ’?uct 30

converted LAN signals and present them via a data hub conpl ex and
routers, to the digital switch conplex for WO 96/ 21986

PCT/ US95/ 13016 - 30-

transm ssion on TNl digital carriers. Appropriate UTP transcei vers,
al one or together w th conversion systems -39 jncluded in service

nodul es, nmay be use to rec ruct nverted. V. 35 4 r her
interface signals a ’Ip]?’és"éhtmI[ Hié"rﬂltf_" "Fﬁgleﬁfgu t%?p%ﬂné’f%%e uf¥
conpl ex for transuemm @3ionK oti yhgethemmitdy convepsiion asyetems

swi tched bandwi dth ¢A81 H8ed SHH stéi'vl:l.'c@kmbaﬁlﬂyl ttﬁdi?dﬂeaused to ﬁé&éﬁé’éruct
offices to bulktransmssmél\;l “ching

g ﬁl es. . TNl %éal
carrier term nati on§°® SUSY, °ﬁ‘HFF| EJP SFRECS aigRaly
equi pment can Be presenharememnmg nthy udtgitak |ewiech t ccomplsX i cfor

users. transmidsicHOR RE' 'd&@lﬂ’alh%'étrﬁeﬁp | sy idatidd ned

enpl oy a poi nt-:of -presence |Id|n
operating | oops witfiWht %l%‘?oga'éi‘é’rfgi? %ink bthe d'f‘?lfb'\s/imed]r%
fact, common carri eestxralh c@fmsngto bulk pbramsm:iismsande swikelying

bui | di ngs are vveI I ?.Hbifijti # eriengmngﬁ%dsnvppté on

the UTP | o di
e 1 TP L0 conimapily Ll o gbdl R hoehbrse b e 2o

di scussed earlier. shared among many usérsecoonlleasmpi dacspexiiffic aseks:d
party, which purchases bandwi dth froma common carrier, to provide
"A common carrier without a UTP loop plant may
employ a point-of-presence in key buildings and third
party dpeféting loops within and/or emanating from these
15 buildings. 1In fact, common carriers with existing
points-of-presence in key buildings are well suited to
utilize embodiments of the invention since the UTP loop
plant within large buildings is typically conducive to
the simplést and least costly of the UTP techniques
20 discussed earlier.

A second approach is for a third party, which
purchases bandwidth from a common carrier, to provide
the multimeaia services. For users who use UTP with
NTNIs for access to a multimedia central office, the

25 bulk-rate purchasee of dedicated and switched bandwidth
helps to further lower the cost for real-time wide-area
video comnection services. For users who use UTP with
NTNIs aﬁd are located within a common building or
building complex, the multimedia central office can be

30 located within the building and be connected directly to
TN1 digital carrier access for the building.



the mul timedi a services. For users who use UTP with NTNI's for
access to a nultinedia central office __the 25 Dbulk-rate purchases. of

dedi cated and sw t ched bandw dt h hel ps to further | ower the cost for

real -tine w de-area vi deo connection services. -For users who use UTP -

W th NTNls and are | ocated within a conmon buil di rﬁéx{
bui I di ng %’Bﬁffﬂﬂ‘, the nultinedia central office can be ggl‘ lg‘{:lgt ed

wi thin the building and be connected directly to TNl digital carrier
access for the building. WD 96/21986

PCT/ US95/ 13016 - -31-

For -users who use UTP with NTNIs and are | ocated within a common

nei ghbor hood, the nul ti rredl a _ cent r3o?r of fice nay be located within

any office may be - gonn%ée% = h°nea%%p%}a Qﬁﬁl YYLP .29Psarovi ded

by a 5 commpn carri er: 00pS are 'Cross
connected at thdasatederwithionta arounen cBedghhprhood, the . gplEimedig

exanpl e of a Cora&n;ﬁer btfﬁ.cééhﬁay\ﬁe JBRakedpwithin m;erxuﬁﬂceema&cbél c

Bell's netallic¢ di t%Fdoﬁ %%rl a}g{assj_ggoa.n, OJIQB vided by gor

users who use a' Cartier o access
mul t i medi a £ent reommeny | cerriwese T 1e . paggive)y TP ol @ORir (ﬁ?fse§r8\°5

dedi cated and swidraRted at &aﬁﬁdwﬂl&bermy cebstraaccessme tox mi.rrel de

| ower cost conne tlons f th uld 15
entail a bul k- bSfREEF h rucg %g@éi\)/e nve nent
i nvol ved in suppemvice. NENPaoipzque%lwlmua}hc digitpd e8P &BFF-iny and
| owering the inggental cost for providing real-tine w de-area
vi deo connection services - - to users using conventional TN digital
carriers for 20 access. . ' I'n conpl ex cases where there is
partial 10 | nvoI venenFoof userramnh@alse & cauventiomal FNIadigitales
]‘: rom e_acE O]‘: h h %o O46cedd |aeﬂul€1ﬁ£@1§r&eﬁ@ﬁal officéfaphepart s
=trom eac © %%%e bﬂﬂri‘-‘ééé’ epu%ilaggsesof dedicated and switched
- bandwidth may be accessed to provide lower cost
. connections out of ‘the area. Typ:.cally, this would
15 entail a bulk bandw:.dth purchase and an infrastructure

Ainvestment involved in supporting NTNI UTP users driving
the ava:.lability and lowering the incremental cost for
providing real- t:l.me w:.de -area v:l.deo connection services
to users us:l.ng conventional ‘I'NI digital carriers for

20 access.

In complex cases where there is part:.al
involvement of common carr:.ers with a mix of attributes
from each of these cases, one skilled in the art can
adapt parts _fro_m each of these :i_.l_ln_strat:.ve approaches.

25 Abstract pictorials of network connection
topologies linking users with centralized multi-point
conference br:.dges do not reveal the important impact of
conference bridge location on transmiss:l.on costs. As an
example, if all conference bridges in a ‘nationwide

30 network were located at one site serving the entire
nation, almost all multi-point conferences would involve
considerable costly long distance telecommunications.



25 Abstract pictorials of network connection t opol ogi es

linking users with centralized. nulti-point .... conference bridges do not
reveal the inportant inpact . of conference bridge | ocation on

transm ssion costs. As an exanple, if all conference bridges in a
nati onwi de Y¥BP%/2198% work were | ocated at one site serving tWB o6
nation, alnost all multi-point conferences woul d i.nvol ve

consi derabl e costly | ong di stance tel ecommuni cati:ans. WO 96/ 21986
PCT/ US95/ 13016 -32- Such an
approach can be inproved upon by mgrating sone of the conference
bridges away froma single national wBhter and into regional and

nei ghbor hood | ocat i In order to . illuystrate nethods

ons. . A ,
of conference 5 S“ﬁ%i&ﬁe“%???ﬁﬁﬁi?ﬁﬂ be, ippgered; YRPh R Migratiseg saper
network such as thefe tdieowenferBnger bsiGg8si awapnfrdmr adsingle natFogale

10. The network CORRREaeSanaPimtd!tddsdifallatl neighbé'%:'&&éd i

plurality of multimedia central - offices 4027 a urality o régional
hub of fices 404, 10 and a national hub office 406. A
classification systemfor nuinieopdemttaalllustratel methodscofceonbereneat ed

based upon the fol kewisge an_oca@@shgn%timxpfafggpmeaksaoftﬁr%'eisggﬁi nt

conf er ence. Conmiinj cat i.on between two ysers- connected to the sane 15
mul ti medi a cent r al PSFVPEE FUGR @S Ehgsgsshown i, Eiguges 6-8 issrpmsidered
communi cati ng w t hia Biguretld.heTheemetsidrk comprié@hyd plurdaditgnofedses a

{ype " N' communi cagipds(iadba-sooe, 4f IdHukal iRy 08RO MR ImediaMUBLERL ON
bet ween two users - connect o tHe sane regional hub Office (SUCh as
a 20 user at the®ffire’; #02408aPLBRALAFR AP nEeGioRAk B roffices 404 he

user site sag0400candsadeat vl huls of fiype4Hy, comuni cation (i.e.
within a region). ~ Finally, communi cati on between two users

connected to the sane . )
A classification system for multi-point call

topologies can be created based upon the following
designations of components of a multi-point conference.
Communication between two users connected to the same

15 multimedia central office (such as a user at the user
site 400a communicating with a user at the user site
400b) is designated as a type "N" communication {i.e.,
within a neighborhood). Communication between two users
connected to the same regional hub office (such as a

20 user at the user site 400a communicating with a user at
the user site say 400c) is designated as a type "R"
communication (i.e., within a region) . Finally,
communication between two users connected to the same
national hubioffice {such as a user at the user site

25 400a communicating with a user ét the user site 400d) is
designated as a type "M" communication (i.e. the maximum
topological span). o '

One user in a multi-point conference is
selected as a reference point for classifying each of
~ 30 the types of cbnnections in thé conference. For a K-
party conference, there are K-1 such connections which
are herein referred to as "components".



national hub office (such as a user at the user site 25 400a

capmunicating withea.user at the user gite 400d) is designated as a
type "M comruni cation (i.e. the maxi num t opol ogi cal span).

One user in a nulti-point conference is sel ected as a reference point
for classi ch of 30 the types of connections i rpdgagseSpithér ence.
For a K- party conference, there are K-1 such connections I ch

are herein referred to as "conponents". WO 96/ 21986

PCT/ US95/ 13016 - 33~

Next,-a (K-1)-tuple of all connection type designations in the
mJItl-p0| nt conference call is el eated. For a 3-party call,

there are nine different 2-tupl es: ﬁN NR, RN, N\M M\, RR, RM MR

and MM  For 5  a 4-p call yxLher i es:
NNN, NNR, NRN, -RNN, .etc. eﬁé% aé X ki'? Eué%| B%’Sg}elél ﬁfﬁ%ﬁ’? bé%bé
i dentical al gebr QPE"gnati"@pPEssFB’ns “‘“J\ﬁlt'ﬁ’“nFes‘E@béere"t‘i? Frmﬂt’at ivity

of mul ti pl created. cBor HeS-paityapsdd, theve arecnimendiﬂferent
representative fgrg, gJ N, Nformexwpl fv, fﬁﬁ Bmarﬁ% msd! 'ﬁo
R un%%nt i t at they

al"t hough there are nine -tugl es. . threé "afe
my be writPen i fRBATFYfERLYy there aXes twenpy-sYSRN\PORRARALIGIRE RVEMR) .

Thus, there are NNN, NM&X NRN;SRMN,i etes for the representatlonal cl asses:
N[err] 15 NR, NM Rerr], RM and Merr]. For 4-party calls, there are

ten - possibilities since nmany of the 3-tuples can be witten
3 or 6 ways. These commp %ﬁa&énﬁgﬁFvémPBFﬁstarEdentica:hs%'tﬁwaébel the

cl ass of each nuékppessiomonf evithce. respect! n goner ebmmitet Brizye K€ 1)/ 2

possi bl e cl assesﬂfélﬁﬁaﬁgg b@&gtybgonfégﬂﬁjﬁled Tty nb r o% ﬁﬁﬁa“s to

wite a k-tuple Y 1}“|C|ent 0
expansi on 10 6?P¥¢R?rbﬁagféﬁﬁa¢@r§xﬁﬁr%¥4ﬁﬁ(N¥R¥NﬂcéW e, for 3-party

calls, although there are nine 2- tuples, three are
redundant in that they may be wrltten in two different
ways (e.g., NR:RN, NM=MN, and RM:MR) " Thus, there are
six poss;bllzties for the representatlonal classes: N?,

1s NR, NM, R?, RM, and M. For 4-party calls, there are ten
possib:.lit:.es since many of the 3- tuples can be written
in 3 or 6 ways. ‘These common rep_relentative forms are
used to ‘label the class of each mnltip_oint conference.

o ~In general, there are K(K-1)/2 possible classes for a K-

20 party conferénce. The number of ways to write a k-tuple
is given hy the mnltinomial coefficient of the expansion.
of the algebraic expansion (N+R+M)k.

For each multi-point conference class, one or

more optimal locat:.ons for a multipoint conference

25 br:.dge can be :Ldentif:.ed which minimize the cost
result:mg from long distance transmission Figures 1la-

11f illustrate the location of a conference bridge CB

for the six possible 3-party cases. Figures 12a-120
illustrate the locatJ.on of a conference bridge CB for 15

30 different 4-party cases. A summary of optimal locations
for a central:.zed conference br:.dge by multi-point
conference class is provlded m columns 3-5 of Tables 1

and II. A few rarelyr occurrlng degenerate cases have



For each multi-point conference class, one or nore optimal | ocations
for a nultipoint conferencé 25~ bridge can_be _identified which
mnimze the cost resulting fromlong distance transn ssion.

Fi gures 1la- I1f illustrate the | ocation of a conference bridge CB
for the six PWOSERZMBE. 3-party cases. Fi gures 12a-120 PCTOSE13U6e t he
| ocation of a conference bridge CB for 15 30 different 4-party cases. A
sumary of optimal |ocations for a centralized conference bridge by
mul ti-point conference class is provided in colums 3-5 of Tables |
and Il1. Afewrarely occurring degenerate cases have WO 96/ 21986
PCT/ US95/ 13016 -34- - 34- been
omtted fromFigures 11 and 12, and Tables | and [1, in order to

avoi d descriptive C’B‘?ﬁﬂé?ﬂ"t'iﬁed from Figures 11 and 12, and Tables I apdg E
I Iljhyim toxrder toNavoid dedtriptive Momplexitw.Cod- #

Codecs Class Wite optimal ? optimal? optimal ? ecs @R
or M 5 N err] 1 X : 3F

Rl err] 1 JABLE 1 1
X .-

2F+1
2




WD 96/ 21986 PCT/ US95/ 13016

- 35- ——— TABLE |1 WAys to N
R M # Cod- # Codea Class Wite optimal ? opti mal ?
optimal ? ecs @Ror M N err] 1 X

" w‘?g‘%’“‘ . * 4 m’&’ﬁﬂﬁr'? IR

|f t he conferenc

over NTN

al |l other connec‘lons . _Forja._ i )
with fracti on "o ' e
users.requiring j td | Xnt yface 14 {he . .Mﬂm

as 25 shown i F

nore than oBe

10

nunber of code'c_s reqw r(izd at that gei ghborhooc stat|5|cal4ly b
Mopk i ndl clhoi ce bdpause severkl H0|cés”1ave4|den‘

transm ssion req |ﬁﬂgqnts3 For gxa pl e, 1 h 4-partly - IF+1 t
NM 3 x | ] s+ |

RN |~ 3 x | x | 2Fe2 4 }

{ M 3 X o 4 |

| N 3 X | X X 2F+2 4 |

! vy ; —  'X” :'X” - - p }

| NRM 6 X X 2F+2 4 |

15

20

25

Columns 6-7'of Tables I and II show how many

.codecs are needed per conference bridge at the indicated

location should codecs be reguired to convert signal
formats. For example, if the conference bridges use
analog video and audio, any neighborhood connections
vhich are carried as analog video and audio over NTNI
UTP can connect directly to a conference bridge while
all other connections require a codec. For a given
neighborhood with fraction "F" of such analog NTNI UTP

users and fraction "1-F" of users requiring a codec to

interface to the conference bridge, the number of codecs
required at that neighborhood statistically behaves as
shown in column 6.

For K > 3, some classes have more than one

| optimal choice because several choices have identical

transmission requirements. For example, in 4-party

Merr] 3
X 3F+1 Nerr]M 3 X

3F+1 Rlerr]N 3 X X 2F+2 4

Rerr]M 3 X 4 10 Merr]N 3
X X X - 2F+2 i Merr]R 3

X 4 NRM 635~ X X 2F+2
4 Col utms 6-7 of Tabi&gLF%%nd |1 show how many

codecs are needed per conference bridge € indicated 15 | ocati on
shoul d codecs be reqU|red to convert S|gnal fornats For exanpl e,

F* of

It he

haves
bs have
i cal
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-36- - conferences These classes incltde.NRM . NR[eir], RMerr], and
NM err] as seen in Table 1. In these cases, analytic nodels

can be used to conpare t hé" ul tiple optimal optlons for

traffic pat as to get nore efficient use of dﬁﬂﬁ&?@ﬁ@@fbr.dge
resources for a speC|f|ed bl ocki ng factor Such an analysis will be
explored in nore detail bel ow, but typically~the best choice for

| ocating conferencing resources in these situations is in the
regional hub offices wth typical hardware 10 savi ngs around 10% over

ot her choi ces. Next , the'éﬁalytlcal model i ng aspect of

th d I ble.to f d
A1 ow char1 of anceRGGEFREH teas rueanb Inélifh My, KR we.oa5R b

facilities is showasi geBngdreTable I13. IAsthﬁeecaaedsbyab$b2kld2®9d¢1atf|c
assunptions are  ean B@Qﬁsé‘&&“cﬁ&hﬁﬁr&@h@%ﬂiﬁhpﬁr |o%i§ln§m Bfaéi&x& £

pr oba- bility distri e %?w ous cl asse? gg

calls. These assunpfP8R% Bte fﬁéka(? SAT08 BPoBib Pl??t more eFEicieRti ons
for each conf érencesel asfs supﬁeremh birifge 2 resouneeisenfont aki ospetified
invention, as indi gaberiky f&é&&& Sucktesr ankflyki8 ﬁ@ﬁfnﬁé Gipiéfﬁﬁ in

i nformation, the sane ,pr i1 dlstrlb | on_us

poi nt -t 0- poi nt cal MET® det?&gngﬁgoﬁsebxFoFYP%EH iﬁnﬁﬁﬁl od#t ] t%fr
construct the logabingi ¢onferfencingc reeontroeanie thess gitsuakicrisnimrd
25 ' ndependencelﬁalgtg atlegRanaid Iﬁlﬂ t 'o%‘imféb Cv?ﬁ’ﬁi n%&ﬁ&bﬁz hardware

coefficients that cor£ ond to th cl ass can
occur -- seelol unfid¥igg 20, navpr)other °1°e8‘ Usi ng t hese

probability distributions and overal | assunptions about traffic

demand, the pro-rated 30 Nt | %Hecggglgﬁbfdaq_ q,g%qquéor s?,gglg gﬁtfﬁ{éance

class is cal cul ated, as 1ndjca |ng optima
| ocation tabl es suRFOGRAWER)| PP LIRS addzing  wjll be
conf erence traff|cdeserﬁhe&iedAtf&aWsnhxturﬁm an embodiment of a method

for optimal allocation to facilities is shown in Figure
15 13. As indicated by block 420, traffic assumptions are
made concerning the overall Erlangian traffic and proba-
bility distribution of various classes of conference
calls. These assumptions are used to derive probability
distributions for each conference class supported by the
20 implementation of the invention, as indicated by block
422. In the absence of other information, the same
probability distribution used for point-to-point calls
can be used for each communicat;on type to construct the
probability for each conference clase (using standard
25 independence calculations and multinomial combinatoric
coefficients that correspond to the number of ways the
class can occur -- see column 2 of Tables I and II).

Using these probability distributions and

overall assumptions about traffic demand, the pro-rated

30 statistical traffic demand for gach conference class is
calculated, as indicated by blch 424. Using optimal
location tables such as Table I and Table II, each class

of conference traffic is directed to its optimal
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-37- location. as indicated by block 426 __As indicated by

bl ock 428, the nethod further includes a step of separately
aggregating, for each location, the total demand for conf erence
bridges across aII conference 5 cl asses. CT/US9sn13f)s Shown
in bl ockWOA9B81988 e et hod may optionally |nclude overfl ow
procedures when appropriate resources are not avail able (due to

| oading or failure). | f these optional features are included,
probalistic 10 adjustnments for overflows across locations nmay be
I ntroduced. As indicated by bl ock 432, ths traffic demand f or

conference bridges and desired bIocklng performance are applied to

the server-vari aﬂﬁ{aﬂ:ﬁgﬁfer 8 indicat(egr}%eb&%hﬁHQ2§ forAE“'ﬁ:di‘ca@%HeW ne the

requi red nunber canference es -at ' each cation.
A.fl ow chart of R¥PEnbE8Bmenthef “&tﬁ’é’ﬁiho jugkher incl H Bt A4k atfo
applicable to d@Welwmgmmg, for eadlcibeations, shhen tiotafli gur e

On ;
éLﬁ;e cuf?eﬁt requeéém#gi a?or < feQQHEEVS-%&%geg " &R da18 %dgﬂfe&fenfde“d' ng

Pon G request rtielpants 1s per
i ndi cat ed b§ bl cElasEs®. Preferably, thIS step is : perfornmed by
guerying various registration dlrectory _ services to obtain the

current | ocation of the r;guegh ? d l%l chc@nt q:h%ct H&Ir%donnﬁpe
requeste par a

system |f some of the i cl.pant s are unavail |
approprjate cal roptmnalluraﬁapluge@@m »Precefdpreg dthen appropriate

As indicated by ﬂ%@ar&h@bﬂﬁdﬁﬁdabﬂét e to loadinglweehiamep of

determ ning the %ﬁ I(i rse?rjlnc/§P? §ﬁ§1f9§8"—m’is ag.gcqrn m% qugnc

partici pants whi step o an opt |
conf er encel®ri dpdjumtments for overflows aczgesstlera §ciM@ht &2 i s

performed, as introdude@' catﬁé vablaekd 4y bIR¥cK eg3d) yrhehitratiap

pr oduces demand for conference bridges and desired blocking

. | performance are. appl::.ed to the server-variable inverse

_ of the Erlang-B formula to determine the required number
15 " of conference bridges at each location '

. . A flow chart of an embod:l.ment of a method of
o optimal allocation applicable to demand-driven resource
allocation’ is shown in Figure 14. Once a request for a
:conference is received, a step of finding the current
20 location of requested participants is performed, as
| indicated by block 450.  Preferably, this step is
performed by querying various registration directory
services to obtain the current location of the requested
participants actively on the system. if some of the
25 requested participants are unavailable, appropr:.ate call -
handling elements are employed

_ As 1ndicated by block 452, the method further
includes a step of determining the conference class for
each of the requested participants which are available.

30 a step of finding an optimal conference bridge location
| for the requested participants.Lis performed, as
indicated by block 454. Preferably, this step produces

iV
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- 38- a prioritized Tist of best conference bridge |ocations
based upon a predeterm ned.look-up table. Optionally, t he nmethod

may further_ consider other possible partici pantsggp#gﬁ{l% be
added for i nVORBPM i the 5 creation of the prioritiz ISt of best

- conference bridge | ocations, as indicated by bl ock 453.

Next, the method perforns steps which attenpt to all ocate conference
bri dges and conmuni cati ons trunks based upon the prioritized |ist.
Starting with the 10 first priority choice, a step of requesting a

conf erence bridge in the desired | ocaB®on is perforned as indicated
by bl ock 458. If the_reguest .isS, suC sful, he . Qecessary, t runks
are requested in bl BoREHREIETqed, Tigk OF Beot cpotifence, bridEhs Lraticns
bri dge i s unavai | abbased upen i Spredetsymdoeddlorknip taklenavaptidsallyhe

next best choice ghe mBthB& | mdy | SE@the¥)! &bnsider other possible
Enbodi nents of the above-descri b%j aAIocat on
g, whic

£ met,hods have.se%éga
val uabl e inpacts: (P§*th WY nRE 4 8RABH e EPF 2 ABRILSAER dasiPSy
provi ding a si Bpl e cg€ation| efsithec gprinriduilzed Iist sofedidaty ¢comfemnnce

opti nal _conf g £ae€ WdA9Dr=0Cak PRaiChtEAAYy W aBge cal | ;
(ii) they provide a procedure for identifying how many conf erence
bridges are requirtred at each network office; (iii) an additional

10-20%in conference bridge Nextiathe @8thod questformensbepsavhiichyattsmpt ng
the above procedureptQiiocate E3RESEIndd B850 a&ﬁf%ame LGRS dfrius
far "don't care ere” cases (,hanely, Rre,rr N, I\/Eerr N, %e&)r]R, and
NRM see TabP2eed ) WPAR t?ﬁev)plflf?é%}tééﬁdt HeFthe i REBFHhLRG: dtrnttde

t he act ual comb_rol 1 oot igﬁﬂwi_.myi chohd:épcaabeepesf)me@&s_taﬁg a adrefieneswres

pl ace conferencing ﬁﬂ&ée in the des:‘areé;[. ocat%ﬁhﬂ‘%vﬁégr&ei §59§Cinﬁc£€é%

Present Lention by padok '58% e e Thbtest s uceuhorel he
necessary trunks are requested in block 460. If either
the reqﬁested conference bridge is unavailable or the

15 requested trunks are unavailable, the next best choice

in the list is attempted.

Embodiments of the above-described allocation
methods have several valuable impacts: (i) they save
considerable transmission costs by providing a simple

20 classification scheme for selecting the most optimal
conference bridge location for each conference call;
{ii) they prbvide a procedure for identifying how many
conference bridges are required at each network office;
(iii) an additional 10-20% in conference bridge hardware

25 costs can be saved by refining the above procedure to
exploit the 'best allocation choices in thus far "don‘t
care where®™ cases {(namely, RN, M’°N, MR, and NRM; see
Table II); and (iv) they can then be incorporated into
the actual control algorithms which allocate resources

30 when users place conferencing calls.

Although tixis aspect of the present invention
is targeted at location of video conferencing resources,
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- 39- the principals can also apply to_conventional telephone
audio conferencing systens and application sharing server
Eysgens.f - Next, alternative enbodi nents of conference 5
ridges for use in the multinmedia tel econmuni cations {g are
presentea“’mmﬁwﬁferred-enbodinents of the pr esent |nven?|on enpl oy
continuous presence conference bridges so as to deliver realistic
support for nulti- party human interaction. The use of continuous
presence 10 conferencing bridging provides for the distribution of
conferenci ng resources anong offices and_demand-dri ven al l ocation
policies of conferenC|ng resources. Third9rs of value in facilities

pl anning and in ni. m t esence
conference 15 t@ &c’;ﬁ%&f §81y %i %B(RS}}W&% %8ﬁ{er§mc:) %fa%%ﬁ

wi de- ar ea conf eawdit ng:qgf@trmmsl yﬂi@‘iw pgpplicationc(ﬁha@ng units
(MCUs),  which GM BystEnsy, one participant's video i mage at a
tinme. The ‘types of continuous presence conference 20
bridging utilized by enbodinents of the present .. invention may
be categorized as ~haviNext,cialt@rnagive embodimentszef ¢onference

decentraliged ﬂf@&é@é)hfsr %BEeéi(iz .the mulEithddid . téTEcommas it igud i nuous
pl’ esence conf erence

h
video 25 nosdf¥EYeRI éﬁ%nP&FPgﬂgg?rl zgﬁ“c i ;e'rn% %rj%ﬂ}%ﬁ dggt e of
domai n, pixel cpresent dinvensioncewpiey tqqmsmpnﬁ(myence confenenee or

vari abi e | engt kbf:&!%é@ gd/L4d €l@”§eﬂiver realistic sup Jritd o kmlti-a bl ock
di agram of a si

d t h
in order to 30 P "'rlf Imfﬁt?ﬁ%g%#%‘r e%&ﬁ?:‘lﬁefgﬁ’ dﬁﬂﬁ h%uggﬁrgﬁs?%%% \s“cdgge |
source 48D0pr owchiemcam bridging proyides ofem the digtributionoofi gi t al

-converter 482, confelit&c1@i§a|r%oh9cgsga&@ng offices and demand-driven

allocation policies of conferencing resources This is
of value in facilities plann:.ng and in minim:.zing
transmission costs. Continucus presence conference

15 hr:.dges provide an 1mprovement over other available
wide-area conferenc:.ng systems relying on multipoint
control units (MCUs), which display only one
participant’s vid,eo_,__'image,_a_t: a time.

: The types of continuous presence conference
_20' _br:.dging utilized by embodiments of the present
invention may be categor:.zed as hairing either a
centralized or a decentralized ' geographic spread..
Further, _the types of continuous presence conference
bridging may be characterized by the type of video
25 mosaic implementation utilized, namely, analog video
;domain, pixel domain, discrete cos:.ne transform {DCT)
domain, or variable length coding (VLC) domain.

Figure 15 is a block diagram of a simplified

layered architecture of a compression scheme in order to

30 ‘illustrate the aforementioned domains An analog video
o source 480 provides an analog video signal to an analog-
to-digital converter 482. The analog-to-digital
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- 40- converter 482 digit.izes the analog video signal to form a
digitized video signal. After conversion, the digitized video
signal is applied to a DCT“signal processor 484 whi ch_provi des
processi ng h¥OM2W¥n a DCT 5 operation. ' The output of FREUSRSANSyN,
processor 4B4 Is applied to a conpressor 486 which creates a stream
of vari abl e I ength code words. The conpressor 486 nay enpl oy
one of many conpression al gorithns known in the art. 10

The variable I ength code words are then passed to a transmtting
conmmuni cati ons subsystem 488 mhich suppbtes real-tinme timng and/ or
file-creation support. gnal transmtted and/or stored by the

transnmitting %‘E}fﬂﬁﬁ’ﬁedfa#?an gitizsa (the arsdog; videe ignal tondosm 15
retrieved by a rece vidigicdmedni videonsignady.st enAE86r conver¥ion,ecehe ng

comuni cati ons subsysg Q:@z‘é%o #deo ! @ignal i’sec%ghéﬁa'té'ge Jct oy 3?121

vari abl e | ength code "wor recovere

variabl e | ength coéﬂ"’cesmr\/\ﬂ?ﬁls"m@b%%éld?ﬁ RYQR{SFINGD 38@‘14@“ whPER
enpl.oys a 20 5 decaperasdionn alber bubput oof nyke tDEhes Rfialoprocebior 484

conpression al gori tjfym 1&Q E&@rc%ﬁ%]%ségf’ 486 -Lﬂﬁch cre?gggo essa‘f?{ﬁ Cce

produces a resultin red
DCT signal process mle engtin £eaR, cWVREAHCT s‘t"%?na¢°fﬁﬂlfﬁﬁ9§§'or49@4ma}'

produces a digital ediployvicieooft many ebnpressimpEligetitbme known in the
digital -to-anal 0g zy¢. converter 496. An anal og video stream produced by
t he di gital -to-anal og converter 496 can be presented to an

anal og vi deo sink 498 such as a display device. The
signal's produded by the anal The watdabie leﬁgtmifbbd@%ﬁﬂd éfhe then passed

digital -to- analog GQNVEr L 8hn

vi deo donmi n, since béfh éﬁf&éﬁéﬁ commdﬁgﬁai V|deo ﬁ ﬁgls

produced by supplies resl ~time timing and/or file- creatlon support
A signal transmitted and/or stored by the transmitting
ccmmun;catlons subsystem 488 is received and/or

15 retrieved by a receiving communications subsystem 490.

The recelvlng communications subsystem 490 acts to
recover real-time stream of variable length code words.

The recovered stream of variable length code

words is passed to a decompressor 492, which employs a

20 decompression algorithm to invert the action of the

compression algorithm in the compressor 486. The

decompressor 492 produces a resulting DCT video stream

which is applied to an inverse DCT signal processor 494.

The inverse DCT signal processpr 494 produces a digital

25 video stream which is applied to a digital-to-analog

converter 496. An analog video stream produced by the

digital-to-analog converter 496 can be presented to an
analog video sink 498 such as a display device.

The 81gnals produced by the analog video

2 30 source 480 and the digital- to- -analog converter 496 are
regarded as being in an analog video domain, since both

contain an analog video signal. The signals produced by
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-4]- theapalog-to-digital converter 482 and the i nverse DCT

signal processor 494 are regarded as being in the pixel domai n, since

both contain a digital pixel stream The signal s produced by the DCT

srgnal prdﬁgﬁag 84 and the 5 deconpressor 492 are r ?sberng I n
onai since both contain a DCT stream he S|gna

produced by the conpresSor 486 and the receiver 490 are regarded as

being in the VLC domain, since both contain a stream of variable

'engt h code words. 10 . Enbodi nents of the present invention

may enpl oy commercially available cgggression schenes whi ch

conputes a dlscrete cosine transformto cdfivert the i mage from

Lvo- di rensi onal. g5p! kiuley s igivhs OBohdereer. 4da"Snfl URUSLAPELed 5GONCY

di stribution. Dqg 1St Belar oyed and
commercial ly ava?%%fﬁ processor, 94 8¥e reg #+RI bﬁr?hﬁnﬂkﬁelrzhe

| TU- TSS H. démainszhimieabdahdcenp@mtaediilgitmnpixellestredec The

manuf act urers F‘EQ’I %%% in
virdeo 20 corrpsjs'r!rt‘?lns pmduﬁgdc% fer ence E e?}% (?erren%l ?qﬂ{gﬁ th
present inventi oReFIRP Fan§2di A%& eFPIR %a@ﬁesbe ng inryghe i fic
approaches to dq:main Caireden both cmtain a (mm)(m:rﬁsang | MMHeldeighals

centraltzed | nplgrsdidd dgagr 28d 8ong ress&f Ydé Q&&heéﬁé@ééé‘fﬂé@tdﬁgo he use

of pixel -domain Mpos| enent s fFosai c
_units made by Pa¥eEaFAed ag, eAnga:Hd %éFiS I"-Eal pince both gantiaidous

vi deo presence ia st ackeem ofhvartablaglength code Goxdsosed in U S.
Application Serial No. 08/131 523 for both centralized and
distributed inplenentations. . In 30 ~ .addition to these approaches,
enbodi nent30%of the presentg‘“b°dlme¥¢ﬁerﬂﬁ ortheayPrS8eRky HAventdant @3 ons

di scussed her ei remploy commert@aldw.available compiéssidirschenidi which
'd' stributed corﬁ;me%”eé“ %&L;BQeQL QSZiQQ”‘i:'x&n%Eo%C P "BLRvELEP et | NY

' image from two-dimensional amplitude distribution to

two- dimensional frequency distribution “The DCT is the

5 core of many popular deployed and commercially available

~ compression B schemes, in'__ particular the ITU-TSS

' H.261/H.320 standard supported by many video codec

manufacturers.

N With regard to the use of pixel domain video
20 compositing in the conference bridges, embodiments of
the present invention may use many different approaches

Two specific approaches to pixel -domain video
compositing include a centralized implementation and a

, distributed implementation. " The use of pixel domain

25 | video compositing elements (such as the video mosaic
units made by Panasonic, For-A, ~and others) to realize
continuous ‘video presence in video conferencing is
disclosed in U.S. Application Serial No. 08/131,523 for

both centralized and distributed implementations In

30 addition to these approaches, embodiments of the present
' invention may use any of the extensions discussed herein

to follow._ " In particular, " the distributed
implementation of DCT- domain or VLC-domain compositing
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-42- descri bed hereiin suppl enents the.art..of distributed
conference bridges as described in U S. Application Serial No.

08/ 131, 523. In the pixel-domain, a 2-by-2 ic of four
5 full - noW¥2Meeo regi ons can be forned by dropping ’é%ﬁgsﬂﬁwlother
pi xel in each inmage dinension from four full-screen pixel streans,
and positioning the resul ting hal f - by-hal f -gi:zed regions to forma
2- by-2 nosaic. There are many variations of this, such as formng
3-by- 10 3 nosai cs by dropping every 2 out of 3 pixels in each

di mensi on, or forming m xed-region-size nos&#4cs by using di fferent

pi xel dropping rates for. the. pixel streans emanating fromdifferent
sources, as is obvﬁﬁﬁgr{‘%e‘gn éréin qﬁ&‘eﬁ"fﬁi S §E£II 'ndf‘ﬂér:g?‘ft?eg 15
I'n a wide area sitoenference byidgesoms ofiestmibed invillés | Appbicatidn

arrive in the digi s@ki&P"d\NiFBtixANS23. signal format. Commercial |y
avai |l abl e vi deo npsai c units (such as those made by Panasonic, For-A,

and others) provide interfaces for signals in the analog 20 video
donmai n, al though they inter &l |Shepqrifxelmdomeini deo2-by-2 wosgixsicf nfpur n
the pixel —dORIn £u11THoridRNyeashOTegions difl VBN £bbRed Uy Oatbsiothg
domai n and the pixel donai geare jdt)erforned b% seg‘%r ate I'nternal -

anal og-to-di gi tal SREFY othey; pixel 37 jeaeh,ipagseioersion, Fxom fapx o
this is 25 t hat Foll cssteem pdxklcatsreams,handnadait iconimgn t he eresilmimg

and wel | suppor'.tedhay\@lw_ﬁﬂvf cgﬁeantrggfigﬁgs tloh fﬁ a 2_:,?_ elm, n for
t hese types of interconnections are, nof aval | abl e or _defi ned.

More preferably, prRere RFfaMATYoHRELAtionNP Afythss, sych @sr feEmindct-BXrst ens
I n the pixel 1donai 3 hWysakesmsbyfdroppingreeey @routt eof ¥ gribeeds im each

fgaf%f:’mm‘i S i Ntgih&tfion, or FoPniy FAKLACREE ok Ce it MRsAlibkOhY Jding &
different pixel dropping rates for the pixel streams
emapating' from different sources, as is obvious to one
having oidinary skill in the art.

15- In a wide area situation, at least some of the
video images will arrive in the digital communications
signal format. Commercially available video mosaic
units (such as those made by Panasonic, For-A, and
others) provide interfaces for signals 'in the analog

20 video domain, although they internally perform the video
compogiting in the pixel domain. The conversions
between the analog video domain and the pixel domain are
performed by separate internal analog-to-digital and
digital-t;o-én_a.log converters. The reason for this is

25 that low cost interfaces in the analog domain are common
and well supported, while low cost interfaces in the
pixel domain for these types of interconnections are not
available or defined.

More preferably, pixel-domain compositing may

30 interface codec systems in the pixel domain by means of
an appropriate interface. In practice, this interface

can be engineered to be relatively trivial to implement
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-43- | Lall | odecs and_vjdeo nosa-
ic units typically must convert to and fromthe anal og domain in a
simlar fashion. = Wthout a coordinated desi gn, the codecs and

Vi deo noS@yGodhibges COUl d well use 5 conpl etel y differgiinsdksboia!
representations of the video frane. There are cost,

conplexity, and per f ormance advantages to this approach.

Swi t chi ng anong a pool of codecs and a pool of vi deo nosaic units can
be done in a conventional digital 10 backpl ane. Presently, in the anal og
vi deo donmain, this is perforned by gl deband anal og sw tching
matrices, ~ which requires addi ti R har dwar e for cabl e

transceivers, mugihp %M%mueekaffy awﬂﬂa%wenebaécs gang v\ﬁaggshes@aﬁnal og

backpl anes. Thi S redu dant dl can gl g/
appropriate  schfeun %r?@ma 5 | 5q. and from thé analog Ty

nost |ikely canddcméainf dn tahesimilarx) fadh:bon W.’utmoatf & eceopdinated e
popul ar standar digg org;fésbbg d%?&@ QE%AI\/)
Each of these 20 ijg& ro%gggcslarrnag ﬁggt&%ﬁ&vﬁi@gg%da{ggﬂ
digital-. 5. ‘F BIERE- (- %@ﬁt aFeRERRRALAIANs  of |stlt°an
be somavvhat probwadem cframéhe ar m::wherarechrcnst,ancbomplex:]m naE

frequency bandscggffé%mtgggisaﬁg %h:.s cfcé ed in different ways .

at each interfa I-ona | evel of
| mprovenent, ... considerable inprovenents in cost and performance can be

made by conpositing in thsﬁ(ﬁEIﬂngBamongElpoou.eohrucﬁﬂebs and’ afpdo:b@em
g)r(lglng,reghgﬁ Olagd %ésserscan %m rocee rﬁhxb; anKrEEEP% gqi%p on {nysual
Signal Pr 0dBssi neackplane. Presently, in the analog video domain, th is
is performed by w:.deband analog sw:.tch:.ng matr:Lces,
which requ:.res add:.t:;onal hardware for cable
transceivers, multiple power supplies, "and low-noise
wideband analog backplanes. This redundant hardware can
15 be avoided by an appropriate = scale server
- implementation. o o

The most 11ke1y cand:.date for the analog video

interxface signals are popular standard:.zed composgite

| signals mswc, PAL, and szcam " EBach of these

20  introduces :Lmage degradat:.on with each pair of digital-.

to analog and analog-to-d:.gital convers:.ons This can

be somewhat problematic in the areas where chroma and

luminance frequency bands overlap somewhat and are
filtered in different wa_ys at each interface.

25 - As an additional level of improvement,
| considerable improvements in cost and performance can be
made by compositing in the DCT domain. This technique
has been explored by others; see "V:.deo Compositing in
~ the DCT Domain" by Chang. Chen,' and Messerschmitt,
30 Proceedings of IEEE Workshop on Visual 8ignal Processing ¢
and Communications, Rayleigh, North Carolina, September
1992, Embodiments of the present invention may employ .



and Communi cations, Rayleigh, North Carolina, Septenber 1992.

Enbodi nents of the present imvention may enploy .. ... WO 96/ 21986

PCT/ US95/ 13016 -44- this
approach usi ng the nethods of Chang, Chen, and Messerschmtt or

rel ated net REY/21986 Effectively, the ope®SHUYsR¥I3086,\ 0 ved
I n dr oppi ng plxels and conpositing as a nosai c can be 5

represent ed mathematically. under - sanpling and transl ation
oper ati ons. These under- sarrpl ing and transl ation oper ati ons
have  corresponding two- di mensi onal inpul se responses whi ch,
when convol ved in two di nensions w t-44t-he vi deo stream f rames in the
pi xel 10 dormain, ,create the desired,ideo, nosaic When t

entire process in f'péﬁsma ﬁnt“ﬁ“f‘ﬁe BetRPIE Pfie Chang, 'f rafds

¢in the DCT streandemsenachmiit IZﬁ“I'mbd.Iaaed)methods are nultiplied in two

di mensions with the DCT of the under - sanpling and transl ation
operations, producing the 15 f the _desired npsaic.

mul tiplication is, in (ilyess | WX 995 en’éﬁf‘st‘??gn t}e
convol.ution. dkbppingppikads| md heompesittimpnabe alomesai¢ haan Use of
the DCT and taet’ nyg §8?Q§.Te§' ORaknBhaE fQE VidRfer-sa mgna'ém
arriving at the bri e . area. This 20 saves 0S|

hardwar e, greatly E¥@BElR ePRANALioNg g  Thespgs updexraamp l%ncﬁ%te

for incorporationtransbatien opemﬂﬂmpriahavkaargeosrebpoﬁﬁngr two-

[ | tati
ot ovenent s can palnensional impdlVE -dipelBkaGhicht S AlivoRidd ENCe
t echni que has beent‘!?p%\"%’&?‘lﬁ?so?’%hsth%é’éd°° strean frames iagFhe BERH on

H 261 Standand”, bgokain, Cegeate the dexdirBdn, vided- dosaixact | Menonthis
ohCihte Mgt el groores U g e e thacfer O o,
vi deo 30 corrposPFTnéra\“Qs {31 sbhe NBCT sereans withidithe dpmain)
i ncorporation intoagé MRRELPLied eihat@e- difkAsseliyewith thei mlzeranttaié on.
. under- eampliﬁé and translation operations, producing the
15 DCT of the desgired mosaic, The'multiplication is, in
general, less complex to implement than the convolution.
More lmportantly, the mosaic can be done without use of
the DCT and the inverse DCT su_:mal processors for video
signals arri.ving at the bndge from the wide area. This
20 saves costly hardware, greatly codec reduces delay, and
is a natural candidate for incorporation into an
appropriate large-scale server implementation.

Even further cost savings and performance

1mprovement.s can be made by compos:.tlng in the VLC do-

25 main. Th:.s techn:.que has been explored by others; see

"vVideo Bridg:.ng Based on H.261 Standard“ by Lei, Chen,

and Sun, IEEE Transactlons on Circuits and Systems for

Video 'I‘echnology, Vol. 4, No. 4, pp. 425-437, August

1994, for example. Distributed implementations of wvideo

30 compos:.t:.ng is also a hatural candidate for

1ncorporatz.on into an appropriate large-scale server
implementation.
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-45- Slight variations allowthe af orenenti oned
met hods of Figures 13 and 14 to be applied to optinal al l ocation of
other related resources wthin the nmul ti medi a tel econmuni cati on

system &ﬁ#ﬁhﬁally’ the - 5 met hod may be applied t '
conponent s servi ce nodul es such as codecs used to provide

di gi tal access to analog video domamin conference bridges.
Further, the nethod nmay be applied to allocate internal conponent s
of a conference bridge server, such as the 10 analog-to-digital and the
digital -to-anal og converters - used tog_provide anal og access to pixel,
DCT, or VLC domai n conf erence brldggg Mor e
specifically, = users of thq;euktiyRd, e fﬁfiﬁ%ﬂéra. aal o
NTNI access or digital 15 gdce a?:ions af O@ﬁa%gﬁ{af | Ce For ’
analog video  methpdsiof &8 Yy F& SrhHiateeded

for digital acces:sl.odaﬁiwedfot dnhededrématemalngsdﬁﬁfdes witldecethe For

conference brid [ %ﬁ@n ﬂ(ig, d in, or
ty©e VLC donmi n, q@%\ia‘{lﬁ ﬁ (E%é&’ ?é%ﬂon X Bteﬂalma%%b ﬂﬁ: onvelﬂrét ers
are required to metho pm| be aﬂﬂﬂlégdac%‘és§ 9°§F9<e|°°‘“BE‘FenBP Wichi®nai n
conference bridgagrvice modules such adScofecx AR, t & Provdde tdigmed for

codecs whe41c ;gtgnaéggﬁgéde‘ﬁ&@al%ﬂ\%gﬂf eé&’ﬂf%eﬂéd &%FQ Si nce

the regional hub © |ces an e~ nat’l1 onal
anal og NTNI acce@bftbﬁ#'e thepuethed may b%@@@éieﬁe%@le%lu‘lﬂat@a&&t@&ﬁﬁérence

cl ass (whose optddﬁiionents dfoeatdaffezeneaebe&dgbeseroéﬂce&).-hl assithiel y the

nunber articipant’ thesc Thi 30
in the coIJu?m 7 %f 1P§olt§ ? §f‘i5a]r Bﬁ% Pﬁ df&f%]he J‘-a%al%% Jtogls"te%%gi%ent ral
of fices and for used ctenprovidesanalog acEmesctompixedediRFT.cep¥r NLC
"offices are tr&mégp,t bml_ference ]gpﬂ—igggance br| dge I ocat i'on, codecs are

needed for each

| _ More specifzcally,' users of the multimedia
_ system may use either analog NTNI access or digital
15 access to a multimedia central office. For analog video
| domain conference bridge :Lnterfaces, codecs are needed
~ for dig:.tal access, but are not needed for analog NTNI
access. For conference bridge :Lnterfaces in the pixel
domain, the DC.'T domain, oxr the VLC domain, analog-to-
' '20 digital and digital -to- analog converters are'required to
- provide analog access to pixel,_ D_CT, or VLC domain

conference bridges. -

As an example,_consider the need for codecs

when using analog video domain conference bridges.

25 Since the regional hnb offices and the national hub
offices do not have analog NTNI access, the number of
codecs needed for each conference class (whose optimal
location il one of these offices) is limply the number

of participants in the conference This is illustrated

30  in the column 7 of Table I and Table II. At the
'multimedia central ‘offices and for conference classes
where multimedia central offices ‘are the optimal
conference bridge location, codecs are needed for each
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- 46- outgoing trunk in conference classes invol ving users
whose access does not termnate on the same nultinedia central
of fice. In ternms of the conmmunication type deS|gnaﬁ¢ﬂ§$m§ﬁﬁéned
earlier, ond"R3MM?E 5 needed for 5 every R or M conpone e

- conference cl ass. Further, if the fraction of users
term nating on that ultinedia central office with digital access is
denoted by a variable F (mhlch ranges between 0 and 1), t hen t he
probabtlity a codec is needed is F tines the 10 nunber of users
termnating on that nultinmedia central 4&7fice which are participating

in the conference

el Vg Sonrerence: outhBing vrulh'Yn MB0APerdlb AL +HHGIOIng! ubeks"

one each ever Onen
conference cl ass | ¥hosel agegssndees 9@6b%&ﬁ¢1ﬂ%FQIﬂﬁ ﬁbe pame gwdsdmpdia
ﬁeded |T[“ sis lleé&tﬁraled:ﬂf;ldehe cghumrﬁsofotf the Iahinanicaﬂﬁbﬁabygelt
e resulting pro (o] [ e
determ ni st-i c (for%% igﬁ;kﬁgﬁ? 838ﬁ3?dh%€ g%%céggangoésg %%anﬁuﬁa ? I ces)
number of coddécs ne¥esy BeercMacempenenthef shkeusenference ckpaprate the
traffic in the steps indicated by bl ocks 428 and 430 in Figure 13.

Perform ng the step indicate to t ro rated. t affic
gi ves the nunber of cd%@gguﬁﬁedéh%hﬁr¥f él?ﬁn?g] ers términatin

Si nce comer ci al | yoavhhatbnltiimeidimeneatrahoffice uitpumittkimcnevsdes
conposi ting e'enenhénbééahbﬁsatJE&zable FVWdﬁﬂcﬁnféﬁééé“BéE%éS%QQ Bxd 1),

ool eg 01N RBgadkhe Bobabi iy e ek Sia adgned e FLFiReE chd' 'S

bri dges woulld appambertof bsersheermmnauﬁng ol id@t 3mltimegdismeattitabn

applroacp to cogtl nufmﬁgremaﬁea%d Srcicipat il DR OSrh t L1 c?nfeféhcy S. 1In
appl!cation er'%ther words, an ad tiona faé@givg% F f55|yhe regerence

i npl ement ati ons of
usexr and one each for every N component in the

conference class is included in the probability that a

15 coded is needed. This is illustrated in the column 6 of
Table I and Table II. The resulting probabilistic (for
the multimedia central offices) or deterministic (for
the regional hub offices and national hub offices)
number of codecs needed per class can then be used to

20 pro-rate the traffic in the steps indicated by blocks
428 and 430 in Figure 13. Performing the step indicated
by block 432 to the pro-rated traffic gives the number
of codecs needed for this purpose.

8ince commercially available implementations
25 of pixel- domazn video compositing elements (such as the

video moaalc units made by Panasonic, For-A, and others)

are single phyaical hardware units, centralized

implementations of continuous presence conference

bridges would appear to be the easiest direct

30 implementation approach to continuous presence video

. compositiﬁg. In U.S. application Serial No.
08/131,523), however, distributed implementations of
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-47- videg.coonositing are shown 1o pe advant ageous_ in wi de

area situations. The |l ocal video of all participants can
be included_in the nobsaic without nultiple codec delays- 5 (not

j ust thoseg | pants who happen to be collocated CHiosesAote
centralized conference bridge in a way that no round-trip codec del ay
is incurred for them. I'n many cases, the trunking

requi renents which result can be considerably reduced. For exanple,
with 10 two users in location A and two users in location B, the
centralized bridge would require 2 trunks 44 the bridge I's collocated

at a sufficiently near |ocati.on A or (and 4 trunks if the

conf erence br i dog g GopbBiting are ém Rfloe Woivaticaglot’ 1hgdabr | dge

needs only 1 trunk ve t 1e same results.

and systens foFrgeoﬁﬁéﬁPFﬁgn workstation or a roomto a
mul ti media central office wi Il now be discussed. In general, any
means for CO””eCt'ngth91W9£iS%iHhend@’df%”?é&if&iﬂdhﬁﬂtéhﬂhﬁe20

mr tinmedia central offices-vi-a a publjc tel e Oneﬁkﬁﬁéﬁﬂ gﬁi

are -sufficient, ingdudgde in, fhe jogaic rgith m eCRO6PX8t at i on

or roomwtls't he (mokt juedithose partboipaits whicf happentty duagholleoated

i nt er nal prem a i’&(#sh t pt‘l?é

t el ephone | oop 2§E§r ¥ nﬁgg&ggﬁgegéﬁeerégggfgg d“%?%dmﬁé %oop plant
UTP whi ch can berG§§9‘t¥hE aoder \Aglayhie ieguered f9w% them). oy sting
wor | dwi de investnent in public telephone UTP ‘loop plants. Thus, it is

hrough a5 Fiitng”gé 253 o many, castf, T ¥raHkls |o@§ﬂ%‘-m@?"-s§’%%%§l e
. result can be cons derably reduced For example, wi
10 two users in locatlon A and two users 1n locatzon B, the
centralized brldge would requlre 2 trunks if the bridge
is collocated at a sufficiently near location A or B
(and 4 trunks if the conference bridge is in a third
location), while a distributed bridge needs only 1 trunk
15 - to give the same_results.

. Methods _ and systems :'for'. connecting a
workstation or a room to a mult;medza central office
will now be d:.scussed. In general, any means for
connecting the workstatlon or room directly with the

- 20 multimedia central offices via a public telephone loop
plant UTP are suff;cient, as are any means for
connecting the workstation or. room with the multimedia
central office through an ‘internal premises

_ communications system w1th.via the public telephone loop-
g ' 25 plant UTP. clearly, the longer distances of lcop plant
UTP. which can be used the more valuable reuse of the
existing worldwlde investment in publ;c telephone UTP
loop plants. Thus, it 1s deslrable, but not essential,
to carry audlo,:v1deo, and data signals through as long
30 a length of public telephone loop plant as possible.
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-48- A further di scussion of nethods and systens
for interfacing with NTNI Workstat'l ons and roons isS appropriate.

Appr oaches to conmput er-. »..control di stri.bution of ng,lp deo
and audi o WP ‘é\“prem ses’ 5 is taught in U S Applic tlon Ial

08/ 131, 523, and in US. Patent Nos. 4,686,698, 4,847,829, and

5,014, 267. . These approaches rely on the enpl oynent of on- prem ses
codecs for connecting workstations or roons to the out si de worl d.
Enbodi ments of the present invention 10 avoid the per-prem ses cost of
t-hese codecs by use of a public net w8 -ser vi ce provi di ng NTNI's whi ch

link to publicly shared godges, fﬁ‘é’&é% &ial Ofﬁété‘?qge%?n‘% ggs%%m? of

features are realized by designing eac res
an overal |l wide aré&arcointerdagingn with NEFRH H‘QF jensefndr KARgSsyi% em

IE consi de][l nﬁ howapprbppis#tent a pulpdproaches nQb\l\Drkoﬁ@ﬁ?éﬁe t BehtBYDI ds
the cost o t hese (0]

vi deo, and (B xibution (FRAETCE YIS WHPHIB oS A A Pen i)
per - wor kst at i &n/ r odfh twglaz:tm Wﬁesﬁpﬁirlcqfél%ﬁemébﬁo 08/1814AR3, and

Pr efgrfibl Y, Ejhe SpQﬁl?lijitBaQ%&tf%sﬂ'@ﬂadd Is@,s 4,847 )V8FE,0andng, 684 p2ej ch
ar e ellrvere ar e 0 0) at (0] sup ortin
rates between 128 E@S mé"%‘%bgslorﬁ%'p Eg"il"éfﬁ‘?%’k gﬁ/l—ﬁng ’Fr%?ee
preferably, 25 4cedeca/Hzf¢fana¢mgecwg>rwovkata@tloms or peoansHt tal the

near - equi val ent ; aadcéiaé)wahbeastan&dd%enaad dﬁ)rtﬁxe preaé&{r.efﬁwaw;oﬂ 15
kHz anal og aggl oor. alternative

cept ual
of "percept él? LI 2 T et §°ﬁ5a‘?\q¥ t';L'be‘saﬁ ICS\%eFBrgYh‘és? n?: @i on
of 30 cases mherpublg‘_nanepngnlessenglcs providing uBENZswapich link to
deliver conparabl epgpiély Whhbed €885a6kVal AdBRIGhES st saviR@yadvidsh h.

features. are realized by designing each resulting
area collaboration

element as part of an overall wise
15 and multimedia networking system.

In considering how to implement a public
network service that avoids the cost of these per-
premises codecs through use of NTNIs, audio, video, and
data are delivered by either per-premises trunks or

20 per-workstation/room direct 1lines or per-premises
trunks. Preferably, the specifications for the audio,
video, and data which are del:.veréﬁ are as follows: (i)
data communications supporting rates between 128 kbps
and 10 Mbps; {ii) at least 3 MHz, and more preferably,

25 4-6 MHz analog color video or a perceptual
near-equivalert; and (iii) at least 5 kHz, and more
preferably:,?' 7-15 kf{z analog audio or a perceptual
near-equivalent. The alternative of ‘“perceptual
near-equivalent" is weant to allow for the inclusion of

30 cases where signal processing is used in such a way to
deliver comparable guality with less actual transmission
bandwidth. -
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-49- Various techniques for delivering these

requi renents over UTP, focusing on the enploynent of NTNI, but not

excl usive thereto, are considered. First, t he met hods by which

wor kst at i ogc00MB 100 connect 5  with public networdiSnambs | ai ned.
Referringglg?y(?%rl Figure 2, user prem se 104c inclggés WO gfations
which connect to the public network UTP | oop plant 114

i ndi vidually, and user prem se 104d includes workstations which
connect through 10 the internal prem ses comruni cation network 116 with

one - anot her and share UTP | oops mﬁthln t he public network UTpP ;
| oop pl.ant 118. I n each of these cases 49t he wor kst ati ons do not

connect directly with the\ﬁgjilo'uﬁ t el kfglx'_P I 6&5?%% 1Jtzhecge 118,

but rather are |linked 15 connec |on ans to a 1Too ranscei ver. -
The connecﬁmmmmm fagusing henf Sheowmpjoyment of (i)

UTP transcei versn'mr:ﬂ Hu®r npt estciResivel vheketqd, are considered. Mixstgscribed

in US. Appl ' Catt Q %d 'ﬁ} waigh ﬁOFkBFatlonQ8éﬂ'%C§!?§3 1% °°'2"e§§6(| )

ceaxi al cable, aS descri 698,
4,847,829, Bnd Svikhy Pz-ﬁ’ﬂ-lc networks(are)exp],aggedoptlc | i nks; or
(iv) wreless prem ses radio. I n cases where a user

preni se does not provide i t 1 the °
| oop UTP transcei véffﬁﬁgiﬁg %@él cal |1§“?8c§f e‘ds?ﬁ Vpéﬁ?learﬁ éle

wiring closet, ingludesy wpskatatimat othichi t onpeet to theor ipwbddicon or
room system Aldwici | veby. loo;i h@lam: 1LONIAivAAualBF)S ady uded very

o et oL | raithes SRR e PR B B SRR 0y T oo
i ncor por at®@ i nttthe thattmeme@r cpuwunication qeitporkt 116 with one
another and share UTP loops within the public network
UTP loop plant 118. In each of these cases, the
workstations do not connect directly with the puhlic
network UTP loop plant 114 or 118, but rather are linked
18 by connection means to a loop UTP transceiver. The
| 'connect:.on means may include any of the following:
(i) UTP transceivers used for premises networking,
as described in U.S. Application Serial No.
| - 08/131,523; -
20 (ii) coaxial cable, as described in U.S. Patent
| 'Nos. 4,686,698, 4,847,829, and 5,014,267;
(iii). fiber optic links; or |
{iv) wireless | pretﬁises_ radio.

i

_ In cases where a user premise does not provide
25 an internal premises network 116, the ~loop UTP.
'transceiver may be physically located in a premises
wiring closet, or_ may be collocated ~with each
. workstation or room sYstem,._ Alternatively, the
. connection means may be very short electrical
30 "connections within a. piece of workstation or room
equipment so that the loop UTP transceiver is actually .
physically incorporated into the workstation or room '

equipment. v
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- 50- Th Cases Where a uséf prem se does provide an

i nternal prem ses network:-116, the |oop UTP transcei.ver is very
likely to be hS|caIIyIocatedlnapremses V\nring’ cl oset . In
this arrang@l‘@?g&”ﬂhe internal 5 premises network 11PGHUSININLS o
concentration function to a pool of shared | oop UTP transceivers.
‘Such an arrangenent allows a nunber of workstations and roons to
share a smaller nunber of UTP trunks and associ at ed transcei vers.
The connection neans may include UTP 10 transceivers, coax cable, fiber
optic links, or wreless prem ses racs®- In either
of the two af orementioned cases, the part of the | oop UTP transceive
whi ch interfaces wth H‘lecﬁﬂﬁﬁ iwhere ﬂoPﬁe “b‘(ﬁ? ﬂ%ﬁt PrYoxide ang
typically 15 dif imternélopremildes metwoeki YE6S t ed:opf UTP Rirafk8E€Sver

networking in that jjgt Jeypi qghéexﬁpesv g ?h&jﬁgcg?wox\%ﬁ?&:ad n hUBELNPRSY

(i) lightning protection~an er unctTons;
(ii) additional WrEABH sSHAPE ponef afrﬁfi’or arrangementy v &hescigrernaly to

conpensat e, f 015 t hepekemtsescaétwork 11®midvities af coneepubhtionecfuntkion/TP

0op plant 114 o ¢4 Oé%&nsa&spm?hloo urh! e Lbogal e gauency

conpensat ion to 25 ect rical con l-ons
public net V\DFEI'W'F‘%E) 3} lawe 21aumhen of: workstations and rppgs &9 gnal
processing and trashaeeviangenidller numissressavepl runks eAmit Absdtiated

condi ti ons of the QLE&eu{e:{-s net.yor k wgé‘%‘%% an r}i? i%‘?lgfri 13%5?3%1;;0

(v) response r eno contro
mai nt enance 1Punct F6ﬂ§8°e%¥ﬁi€% cgax cable (fé-ﬁmfckptlgérmcl om/ Wirekessn
of test signals peeflises radid.omated cabl e conpensation adjustnents)
which in a -
In either of the two afgrementioned cases, the
part of the loop UTP transceiver™Which interfaces with
the p\;ll:}lic:,r network UTP loop plant 114 or 118 typically

15 differs from UTP transceivers used for premises
networking in that it typically provides the following
functions: '

‘(,i) lightning protection and other safety
isolation functioms;

20 {ii) additional transmission power and/or
receiver sehsitivity to compensate for the electrical
conditions of the public networkiU‘I‘P loop plant 114 or
118;

(iii) additional frequency compensation to

25 compensate for the electrical conditions of the public
network UTP loop plant 114 or 118;

{iv} signal processing and transceiving to
compensate for the electrical conditions of the public
network ﬁTP loop plant 114 or 118; and

30 (v) response to remotely controlled
installation and maintenance functions (such as
loopback, generation/detection of test signals and
automat®&d cable compensation adfustments) which in a
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-21- Dram_e_nﬁww_—_—
fromthe nmultimedia central office. The | oop UTP

transcei ver enploys t he public network UTP | oop plant 114 or 118 to
reach a Chlﬁ@f | oop UTP transceiver within the mpbripesisge central

of fice. ching loop UTP transceiver is simlar to the | oop

UTP transcei ver used on user prem ses 104c and 104d but may

i ncorporate differences in packaging for use in a public utility
office. The packaging may 10 differ wwth regard to powering (which may

I ncl ude redundancy provisions), the type of input/output -
connections and/ or cabling enpl oyed, and Ok physi cal ' package

format. Furt h%rggtiggl %%&:'.ﬂgnrl 5:99 ptheJT ?%Y?n%il | nsrﬁﬁ]sﬁg' Yk ciEYa e

capabl e ‘of: (i) gi ng™ r eno | ati on and
mai nt'enance funcf-F‘Qﬁst{ietm"hltlme ia %ntFGBpB§§1<°3° generation/ detection of
test signals, aut omat ed cabl e conpensation adjustnents) which in a

practical enbodi ment of thfh n '%;%e ”@i‘aﬂ?c%ﬁﬂ‘ g,% oys thd' i{@

mel timedia central office; or nm n urerrent S response
of |1 oop UTP t.ranbetwork VEP °°P Planpi k14 °re3<%%ut=%drea?‘hs?a1‘?5ﬂ‘%ﬂﬁ and
mai nt enances 1ooi>urmp OItS:'anBE:e:L(rerl Iwitgiinor theg walititmeddac ecéntweal ons

ggover checks: .| BRELGR:  PrbsE MAROLIA P RY Hachifer 10 suifl@AN

i nverse mul ti pI e%bngheoleepr‘}'r% %ﬂifgﬁQﬁlbﬁetr used WSPPEEWPSEB“B‘PF aMSrality
of lower-rate di ghjahogar buer %tagl incorﬁai%até di Epeiendesl in pagkaging. The

30 plural ity of°Foer Are BeLid BRI RRRY, Bpg BhgRgduds kpcuce @

streams ani@ codﬁﬁﬁetatmhtmegagd to ppoweringi giwhich may ireludx 516
over the pl Ura"i&dﬁﬁdﬁ'ﬁé&"%t@ﬁéicﬁfﬁ 51%ne type Thef! on@put pber it

Ptcfl_/eagSS;’alagoagcelcgrelgec ggs ! artlng};or c'abling emplgceize%l19 a%d the physical
package format Furt_l_;er, the match:.ng loop UTP
transceiver may be cap'able' of: (i) issuing remotely

15 controlled installation and maintenance functions (such

as loopback generation/detect:.on of test signals,
automated cable compensat:.on adJustments) which in a
practical embod:.ment of the 1nventlon may be executed

from the multimedia centraill ‘office; (ii) performing

20 measurements of response ©of loop UTP transceiver to
. remotely executed installation and maintenance
functions; or (iii) performing maintenance functions
(power checks, :.nput:/output connect::.on checks) which are

relevant.

25 a block 'diagram'o'f a method and system that
| utilizes :.nverse mult:.plex.mg to carry a single bit
stream 510 on a plurality of lower-rat:e d:l.git:al caxrriers

512 is illustrated in Figure 16. The bit stream 510 is
applied to an inverse 'muitiplexer 514 to produce a

30 plurality of lower-rate bit streams 'The lower-rate bit
' streams are communicated through a public digital .
network 516 over the pluralzty of digital carriers 512.

The lower-rate bit streams are received by an inverse



- 52- ' mul ti pl exer 520 which reconstructs the original bit

stream Typically, thHeTnverse nultiptexing is bi di recti onal
This technique is enployed, for exanple, i.n video tel econferencing
where two 56 kbps channels-are 5 used to carry a single 112 kbps

st ream WO 96221986 Dué to the linited bandWidth of aPEHEFIE#S0p

pl ant UTP, particularly at |onger distances, enbodi nents of the

mul ti medi a tel ecommuni cation system deliver hi gher bandw dt h signal s
by "dividing" original signal 10 bandw dth across a plurality of public
l.oop plant UTPs. Mor eover, both digital and anal og signals may be
Carried by the UTP wusing broadene&z2-forns of inverse

mul ti pl exi ng. The division of a signal across nultip

15  physically sepﬁ?&?&lmné?g which, XeCORFLIYCES { bheys orig nal"slﬁé'ce
division" (in contrasteaw!h "t Trgpically) onthelsefhverse il t igliews vuﬁs on

mul tiplexers).  Spaeg;redis ar%on This sechiNAOLE rfloyia, oFBL ke

split a signal across
bandwi dt hs. 20 atR geideq Gﬁéé@“ m "’h\ﬁﬁér E““’t% kaﬁaﬁ@ﬁi‘%%*% Rre

properties of she Uldeduyo rearrl u dtgyidel( 2. kbpsilrean. 1-2 MHz or even

| ower anal og frequencies). Digital streans can easilly be
split and recl ocked to create nultiple streans ogeratlng at | ower 25
cl ock frequencies and, for e tengbeotimited handwidth of hgpukbic Hoop

reassenbl ed into thplawstt WTEg| paigidllarly at BorhgerndibRanbak ) dembaiittentde
splitting is relat 113@' Ythe . muﬁ%@hﬂﬁtf@éi’@éo%m&ﬁtcﬁkﬁsnprsgégéﬂ” ééfﬂ}éexncy

transmtter ) recel ver recelver

channel reconblnlngh¥9kﬁ#rkﬂpdﬂiﬂtbeaéﬂBBl§HEY|8d¥B¥dln9“ originalaraignal
high-fidelityignal ogandw@itills ackbsBh8 $P&fality of public loop plant UTPs.

Moreover, both digital and analog signals may be carried
by the UTP using broadened forms of inverse
mult;plexxng.

The division of a signal across multiple
15 physically separated channels is herein referred to as
"gpace division" (in contrast with "time division" used
in time-division multiplexers). Space division
techniques may be employed to split a signal across
multiple UTPs in order to deliver higher bandwidths
20 across longer distances where the transmission
properties of the UTP may rapidly degrade (e.g. above

1-2 MHz or even lower analog frequencies). '

Digital streams can easily be split and

reclocked to create multiple streams operating at lower

25 clock frequencies and, for the range of distances
involved, be reassembled into the original digital
stream. In analog signals the splitting is relatively
straightforward, but the precision frequency transmitter
down-shifting, receiver wup-shifting, and receiver

30 channel recombining required may be problematic for
arbitrary high-fidelity analog signals. In the case of
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-53- NISCLPAL/ SECAM apnal og video _signals, however, special

structural properties of the signal can be exploited.

Met hods and systens for splitting a digital streamof a given rate

into mult Ital streams of 5 | ower rates and rﬁéﬂﬁ Sdsfisdigi o the
digital g??ééﬁ?#% wel | -known in the art. Oten, st eps |n this
process are referred to as serial-to-parallel conversion and

paral | el -to-serial conversion. Typically, a public

t el econmuni cati ons network can not provide a plurality 10 of channels

whose rel ative transm ssion delays are W thin a bit-synbol period. <
Further, in extrene cwcumstances53 differential timng jitter

among t he NBlseyBhLY ey ChARTEY S vE&anhignﬁiﬁat ggaéeééeﬁa Mpgler n

I nver se nultlpIeX|n equl pnent prov recelelng Site for .
neasuring t he réFinGEr?}dhﬁ?Pﬂﬁﬁ theqgigyal fFamPa RxRHoited -ty of
channel s and, based on t hese measurements, |ndu0|ng conpensati ng

LS on Al ol BN Rl oupk eIl blcau doatgeeRglr it

Enbodi ments  of “Fﬁé“‘p?ﬁﬁrﬂ’-"qnn\?éﬁﬁ dptomyltiple d&lgliééﬁl ?"—Eﬁﬁ'ﬂ%;ﬁfﬁ P-
space di Vi §i on (ower, rateadandit¥evonstructdhgdichet aligivedr m:rsdut i P& exi ng)

in many ways. al.gont / q?,m

signals, as "Eﬁd“a%‘i“r‘ai?ie% e L 6‘%1# n?%geér%é ti ?e rs %% and 25
532 are used to2FPaFeESTFeHi gﬁﬂara‘bl Feri‘t'%?'gﬁ%’?ﬁl el °°"§T§}fﬁil‘§1 #Rdinto a
plurality of | opsrablél%ﬁé&ﬁi@]al eonversicmb6. Typicaklyt,y, acaplbbict he

lower bit-rate Eé@@é&&u&? cstions rﬁ%&:w@rﬁ' Eahahgt hb g?idé hg h@éli

| SDN basic rate ese 10
30 encod®d fopPftrehanneds owhese, 1@1@91"54013%4#1!'##& 13Y§ub?#%

tel ephone VTP | g@hphand 4% eymbleanspefiédP  Furthe2)scenvesgtlee The

UTP transcei ver g4 gg‘é“émégdse UEE&B,E%,}%%@ ki hg" Sj;tsc%‘ia afilfly ‘e

receivers 544b.
pCT/ Us95/ 13016 plura ity of channels can also create problems. Modern

inverse multiplexing equipment provide means at the

15 @ receiving site for measuring the relative transmission

delays among the plurality of channels and, based on

- these measurements, inducing compensating delays on all
~but the most delayed ¢hannel (8) so as to reconstruct the
originsl relative timing used at the transmitting site.

Is are

20 Embodiments of the present invention may
directly employ UTP space division (i.e., an adaptation
of digital inverse multiplexing) 'in many ways. For
digital control/image/data -communications signals, as
illustrated in Figure 17, inverse multiplexers 530 and

- 25 532 are used to transform higher bit rate digital
| signals 534 1nto a pluralit:y of lower bit- rate signals
S36. Preferably, each of the lower bit-rate signals 536

has a bit rate higher than that for an ISDN basic rate
interface. These lower bit rate digital signals are

30 encoded for transm:.ssion over a U'I'P 540 within the
public telephone uTP loop plant 542 by means of UTP
transceivers 544. The UTP transceivers. 544 include UTP
transmitters 544a and UTP receivers 544b. Upon .



-54- receiving the lower bit-rate signals, one of the inverse

mul ti pl exers 530 and 532 reconstructs the origi nal - signal.

For video and audio signals; ‘as illustrated in 5“ Figure 18, digital
conver si ons and conpressi orf of a signal 560 is perforned via a codec
562a. The CBQ242198¢ 562a i s capabl e of producing a di gi FGVUSSAIUS 563
based upon the received anal og audi o or video signal 560. An

inverse multiplexer 564a is used to create |ower 10 bit-rate signals
fromthe digital signal 563. These | ower bit rate signals are
processed by transnitters 566 for transm ssion over a UTP 570 to
receivers 572. The recei ved signals ar®2presented to an inverse

mul ti pl exer 564b ., |ch ﬁpuces g reconstyuctijon of the digital 15
signal 563. The rEtomst QUeT, bALsFALR FPRHS. one Of Fhe 1IWeEsehi ch
then creates a recctmslmi{niteerérgnasw and 532 gnadcdndtrappsoxti@t einiginal

i dentical to the ordigmaal, si gnal 560. Next, an
adapted inverse multiplexer nethod is 20 present ed. Convent i onal
inverse nultiplexers are designed for use with TNl and the types of
digital comuni cat i onsFohanidec amdoaudio dignadsypascillustirated in

For a UTP applg cat I AR ridS &1 i e e c,nigﬁ:(;_r%' atlon_as
nost likely all %ngu 3%1951 Qoh§e§31&@€ Qn urt elf)at £a

S Wi |
functions needed t 4°h is Pe"?{ d’és‘ i ?ﬁ’ "t‘a“%m‘ruﬁ'heaFPéﬁ‘j
channel s provi ded ls;SZa is capabbe achprcduciageacdigbtsal esignall MBUBEsed

application. Sthﬂ P& t

utilizes digital | nver se 8% ?daﬂmge%aargeg?mfées%%ds‘&ace gl Vi SI on
UTP with digital |r’n?é’F§§erru1"F Y64 nméfhoddedpthari mat@r lower
space-di vi si dido UTPbit-rate sl‘gﬂamﬁl 2%816 the digital signal 563. These
PCT/ US95/ 13016 lower bit rate signals are processed by transmitters 566

for transmigsion over a UTP 570 to receivers 572. The
received signals are presented to an inverse multiplexer
564b which -produces a reconstruction of the digital

15 signal 563. The reconstruction is presented to the
codec 562b which then creates a reconstructed analog
signal 574 approximately identical to the original
signal 560. '

Next, an adapted inverse multiplexer method is

20 presented. Conventional inverse multiplexers are

designed for use with TNI and the types of digital

communications channels provided by common carriers,

For a UTP application, use of TNI often is an added

complication as most lijkely all signals will be in an

25 NINI format. Further, the functionge needed to work with

the types of digital communications channels provided by

common carriers are excessive for the UTP application.

Thus, a preferred implementation of the invention

utilizes digital inverse multiplexing to realize

30 space-division UTP with digital inverse multiplexing
methods optimized for space-division UTP.



- 55- In a public UTP | oop plant, the propagation

speed is tvpically jn the 3.3-6.6 x 10[err] feet/sec range ' (i.e,
between half and full speed of light in a vacuum. As a result, the
physi cal Iength of a baseband bit 5 period within the wire is

appr oxi matyg Mﬁ& 660 feet for a 1 Mops signal. Wy, there
I S approximate albit skewintimng differentia or each

330- 660 f
a public UTP | oo
operational pol
[err]L[err] anon
transm ssi on sys
skew at a given
practice, 15
uncorrected disp

eet length difference between any two UTP. Thus, for
p plant, which by its |loop architectural 10 and

icies can assune a maxi mum differential distance

g a collection of UP to be used in a space division -

tem it is posmblesﬁo bound the maxi mumbit timng

b bi t ypage, w1§9n‘ﬁ'1‘f>e;l.@f:§dp!§£ﬂe Eﬁér# gEPLthnS
ecause’ of ' ri.se: t| nmes
&reedh i, WE&"?:H% iphehe o3 13§16 [’éﬂ-‘] BEESFF}’Bﬁﬁyrange

ef fectivel y great{dr e, hhatween ded foun8hEullh wpeed of light liangt kractum) .

gl 5 tQEsﬁiéCt 8:%' Priy¥ieaP leggth Qﬁpﬁodéa%b Bgtect ed

baseband bit per
t ranscei ver i npl
and a [err]Herr
space divi sion

typically necess
200 feet anong t
transm ssi on sys

feet anong tohe C
are typi calll

"~ an adapted inver

. space division,
- PCT/ UsS95/ 13016

20

errent at1 on

In

be

Ital stream

pexiggowi thin theel!i'-rﬁn’tﬁ\@l’?re&wéﬁ?}}ﬁr?# G§Ed % a

al Mbpsasig‘nam onCongequently)i tthevicews eppregimaselys

not

%;&co?fec?t on; %?pglf'gllg% giffé%ﬁndf& eac ,\[,?éal&@”] <

fent dapgthpdifrerenqe betweepeoany twef UTRew BPBS: yEPEal |y
encountered. Foa pu&libm!rl’ loop flait Awhicheby brdl Jodpearthi eecturab00

ec of R, y to ri kew
%h c‘%[t}' r°“81 I'—éc#ilcj'%gl\/o ésg*cljl a?BP{nst rs%am lgaié’éﬁ{'mE
[err]Lferr] < 30dlff8991¢?e%1- %ﬂﬁ?@qehéhmmmgcmqsrllswmsmv; UpPt% 6. bit
peri ods of skew peeubgdi §al aYspil@@LHEﬁrsﬁdm transmission systed itpignent

BSg%YLiépé )i:%ruﬁg 5%? j%%dmkon&mg Jl‘:%%jgt Qfgim
bit-rate by some related value AB,_, bits. In practice,
because of rise times and :Eall times resulting from
uncorrected dispersion J.n ‘the wire, the value 6f AB,, may
be effectively greater than divided by the physical
length of a baseband bit period; the exact relationship
depends on the selected transceiver 1mplementat:|.ons

For a 1 Mbps dig:.tal stream and a AL,,_,, < 200
feet among a collection of UTP used in a space division
transmission system, bit skew correction is not

| typically necessary For a 2 Mbps d:.gital stream and a

25

30

ALy, < 200 feet among the collection of UTP used in a
space division transmission system, only up to 2 bit
periods of skew are typically encountered. For a 1 Mbps
digital stream and a AL, < 600 feet among the collection
of UTP, only up to 3 bit per:.ods of skew are typically
encountered.. For a 2 Mbps digital stream and a AL, <
600 feet among the collection of UTP, only up to 6 bit
periods of skew are typically encountered )

To implement an adapted inverse multiplexer

matched to the needs of UTP space division, the

2



- 56- ' following sinplified approach can be used. Each

transmtting digital inverse. .mul'tipl exer is made capabl e of
transmitting a calibrating.:ofie-bit transition “ 7 pattern, upon a
comand over_the UTP | oop," ‘to provide an 5 aut o-cal i bmﬂg

Each recei vi%92¥ 3% al i nverse nul ti pl exer applies

signal s recei ved over the plurality of UTPs to one of a plurality of
dedi cat ed shift registers. Each of the shift registers is clocked
by a free-running clock operating at a nultiple Mof the 10 expect ed
operating bit rate of the UTP channel. Typically, the shift
regi sters conprise a small nunber of"-'sﬁ‘ages (i.e. Mtines

[err]B[err]). Typicall is,a ch as 3, _or_4.
Since each arrivi n&%&lﬂ:ﬁ.ﬂg impf:{%eedr e@?WBﬁc 8?% qz Each
ef fectively sanpl e¢ranspittingtdigicaluibversé mtﬂ:trmigxe'rt 18 |m45osapbbke to

or e accurat ey il ckliigeddes dreaRish ObnkDBic  crafBLEbEA i N0
one-bit transition pgtter bI't defection Sharchannel
del ay can be nore && ﬁFﬁPel‘;‘P on a °°F‘ﬂ'8ﬁfll PYeXn. the gF loop, to prov,x eafn

aut o-cal i bratiShg meu&o-chiibdating hmode. Eadsutddeiyingcdigétabi inpetrsern
distributed w thi nnﬁxﬁ%;plexerplaﬁf:ﬂéé Ye&tn SBES Ehéeghéﬁﬁié r&@@;i@dféve
register tap orri f@f gﬁ/o t he center %fe recel Vi pa ¢aern
is selected as the® ufglitee E'TPﬁet‘Eil‘?qeePénﬁl uraz‘lsxty aedic

del ay- conpensat ed shifanrégistoach UERchhafirdie whifitt ndgeisters isoalocked

cal i bration mode agg Qufrééuﬁhrﬁﬁ?{g%wg}cr@ﬂ&atmg P§tTQemﬂ T W 8 R0 and

receiver 532 is thefh put 1I.n
di fferenti al el ayem’,‘Bﬁﬁ‘éﬁgat%Be’Eﬁ*F’-ng ’-tcheﬁ?r?% c&hfecVTH t 8hABREL: on

serial -to-parall el T§Picalltpnvens eslsi £t rdir stteans tiompei 8638 small number
paral |l el -to-seri fal of stagfgn\"fré erwaﬁ e'éhﬁBL.SPe' 1%3;5_1 f'I ? a small
an nal o

In addition, it is possible to divi I"og si gl ven
bandwi dt h across alpFagsri#ychras 2, 3, °r\/\b- oepinaseach arriving “bit 'in
PCT/ US95/ 13016 the received digital signal is effectively sampled a

18 multiple number of times, it is possible to more
accurately isclate the edges and center of the
calibrating one-bit transition pattern. As a result,
bit detection and channel delay can be more accurately
identified.

20 In an auto-calibrating mode, based on the
resulting received bit pattern distributed within the
plurality of shift registers, the shift register tap
corresponding to the center of the received bit pattern
is selected as the point to receive the differential-

25 delay- compensated stream for each UTP channel when taken
out of calibration mode and put into operating mode.
The transmitter 530 and receiver 532 is then put in the
operating mode: each differential-delay-compensated UTP
channel is connected to ports on serial-to-parallel

30 converters at the transmitter 530 and parallel-to-serial
converters at the receiver 532.

In addition, it is possible to divide an
analog signal of a given bandwidth across a plurality of



-57- | ower bandw dt h channel s for space di vi si on

transm ssi on. | for for Voi ce-gr ade

tel ephone audio in U S. Patent No. 5,136,575 to Kuroda where an
audio signal is split into two bands 5 and each band is separately
transmtt ng a sui t abl e desi gn approach, Jd%%dﬂﬁ%

di vi si on ggﬁw%gﬁk applied to divide a high bandmﬁdt? anal og signal,
such as an NTSC/ PAL/ SECAM video signal, into nmultiple
channel s for space division transm ssion over nultiple 10 UTPs.

Figure 19 is a block diagram of a general frequency-di vi sion system
for splitting an analog si gnal intg_a plurality of bands for

t ransm ssi on over pIurallty of U?E channels and for

reconstructlng t ' ; |V|n naI 4l 600
wth band l‘%w%zl I'S. preserﬁ ‘?}'J Ank o N sif &naieafl I erissé

602. The signal $¥rnepiesien.sp| F'P Fhé‘a&naﬁﬁj‘ seepd 600 examplpy: £y

M ni mum over | appiddied fatide) eyl 8phone audie OuiUles. Patent N6P&E AFS ,@msput for

each band.  The g gé g&f%oéa Wheks Qﬂzag&o é%ﬁéﬁ 15”95?2?”%&&’0"!@ ﬁ&d&er

dkgital or analo %J
cost, ang . and rnﬁiﬂ@acbapﬂnglgcaﬂQPﬂﬂﬂ%ﬁéybfF§an9mitted sing ~ arThe

| onest ~ frequencyuidddllec/desGna apBBpachy analog Imwmﬁsﬂwéamu
ow. hase 18 Oft bRl W' di¥i ek s niEHObERSLPACR S8 gnaladdat

cont ai ns DC or nponent:s-

| uni nance ag gran SWTSCVMSQEMt T’i@ﬁ@en%lﬁﬂalat eriYBZPZb bt ipd e

hi gh- pass or bar¢hdiaféls Fead space aivebien eramswts¥icil over matdpie for
hi gh- frequ§€c q@g é%l muni ty. Al'l other 30 filters are band-pass.
ransiti

| deal |y, on bands . for the - filters. 602 are sharp mnth
wel | - behaved phase - and anplitude characteristics.

typically —  advantagegyguke 4se islaemowhosn XY aa

\N? 96/21986 frequency-d1v1slon system for Bplltt ﬁé”é%@é&é%@b signal

into a: plurality of bands for transmission over a

plural:.ty of UTP channels,' and for reconstruct:ng the

‘15  signal at a rece1v1ng ‘end. An analog 51gna1 600 with

| bandwidth X is presented to a bank of N slgnal filters

602, The signal filters 602 split the analog signal 600

into N minimum-overlapping frequency bands and provide

, ‘a separate output for each band. The signal filters 602

20  may be implemented with either digital or analog systems

' in  accordance  with quality, cost, and
manufacturinq-ecaleftrade-offs, '

The lowest frequency filter 602a may be
low-pass or band-pass, low-paas is often an essential
25 choice for a baseband s1gna1 that contains DC or very
low frequency components (such as video luminance
eignals) The hlghest frequency filter 602b may be
high-pass or band-pass, band-pass is often an essential
choice for high frequency noise immunityu " All other
30 filters are bandrpaas. Ideally, the transition bands
for the filters 602 are sharp with well-behaved phase

and amplitude characterlstzcs. It is typically
advantageous to use filters whose adjacent bands are



-58; | such that the overlapping transition bands sumto the

original signal anplitude and phase throughout the ~transition band.
An exanple of such a filter..i.s the Linkwi tz-Ri.ley filter often used
at audio freguencies in 5w active audi 0o crossovers. The
out puts of tF OMEPBE 1 ors 602 are appl i ed to a correspgwwﬁk of
N-1 or N frequency shifters 604 (or, nore generally, NN1 to N

renodul ators). The | owest frequency band need not be frequency
shifted, but 10 could benefit fromit if the original signal 600 does

not have | ow frequency conponents. In this case, a downshi ft may be
advant ageous to | ower the bandw dth re'iﬂrrred for UTP transm ssion of

the | owest frequenc t the SI rrier

gain 15 I munity Q(* rh()rﬁhiér)%n%‘}%réﬁ §'§gt 35 ?)?ﬁ’raﬁ?’t‘a ssuﬁ“s?;o %ﬁe
beneficial, as is ®uigingly. sigmal cmmpldtuds, %28l 65baand througlgnd74LBe7 to
Tatsuava. Since thefa2BaY baid t e @ample oﬂoréwaﬂea f!!fE'er immety

from transm SSIOI’] orrral ties t bands, may
be advant ageous 20 %lglzegf‘ler bﬁﬂo"??ffé‘ s?‘\"f&?‘% reapaRC es iR
I f t-he | onest Sr_quEbandlpscmsscwuﬁJency shifted, frequency
shifter 604a is not included in the bank of frequency shifters. The

frequency shifters 604 rovide fre shifting to nove,the
particular 25 band served 38 OPEPRES, © q’gaf'rs}é%dﬂﬂteé's 602y Axg 3PPided; -
frequency very neatoer @chirpspondihg bémsinnef N-1 Em:m frequemcgrnahmnergl ng
fromthe filters 6% h xa mwggzgran n?aEUrﬁdrEﬁBHhigﬁ ’[ TPe

I cant| y

frequency DC to th onent, signi

than the 30  band °('fF Eﬁ?q‘f ﬁ?e inftaPectpeduensy shifted, but
sum of all tHe® bancdwuddhdeneditt feolmr équéficyhehbkiginal 31gn£D46(JmIdeeany

unshifted | ow freqlﬁ%‘%cwdl&poﬂrgquenc% I/'&ﬁ%é{‘gé]&y shi Thee ik,

omtted) preferably su
PCT/ US95/ 13016 downs 1ft may be advantageous to lower t:he bandwidth

required for UTP transmission of the lowest frequency

band. Putting the signal on a carrier so as to gain
15 immunity from transmission éystem abnormalities is

beneficial, as is done in U.S. Patent Nos. 3,723,653 and

3,974,337 to Tatsuawa. Since the frequency shifters may

provide such immunity from transmission system

abnormalities to the other bands, it may be advantageous
20 to treat the lowest band in a similar manner.

If the lowest frequency band is not frequency

shifted, fregquency shift:'er 5043 is not included in the

bank of frequency shifters. The frequency shifters 604
provide frequency down shiftzng to move the particular

25 band served down to near bageband (i.e., having a lowest
frequency very near zero Hz) for the channel. Each
signal emerging from the filters 602 has a bandwidth,
measured from the zei;o fr_e(juency DC to the highest
frequency component, significantly less than the

30 bandwidth X of the original signal 600. Further, the
sum of all the bandwidths from the frequency shifters

604 (plus any unshifted low frequency band should
frequency shifter 604a be omitted) preferably sums to



-59- - only slightly nore than the bandw dth X of the original

si_gnal . The difference between this sum _and X corresponds to
the effective overlap of the N bands. Such overlap is needed to
ensure all frequency 5 components of the original signal are included

in the ' "We’ction of N bands, but otherw se in genggdlysedtidts
S

wast es trans I'on bandw dt h and should be m ni m zed.

The N bands output fromthe frequency shifters 604 are presented to a
bank of N UTP transmitters 606. 10 which put the signal out over N pairs
of UTP 610 in a public tel ephone UTP Ioop plant 612. Each band is
received by a corresponding one of a bank % receivers 614.

The transceiver outputs are then presented to a bank of N1 to N

frequency shi ftesmglﬁﬂ@tw (nﬁfre ggsﬁ BRO%BAdvsark & k2 bk reqﬁgi@épm

If the fre ncy.
shifter 616a is BA@Bald as The| diffexence, betwegn .thm 'F‘F'Eq
shifters in thecorrespom stoethedeffebe:.ve overlaguoﬁcy:mhlﬁtbalgis
performed by the ns site fregue i f S

Am anal og m xer gésﬁr egggg}%gs {' %Qe%ed € Qﬁy‘f‘%é:m%ﬁi unggéﬁ?%%y

replica 62250f tReMBPRERLR Ok nH‘% orig na%lw R¥re
replica signal 6édlrestisn of N bandmyemtbyopmm iin tg‘emxgil acmamﬁ i onal

equal 1711925 yLLLlgTer iR delfORIERIRAE L SR bR HindHELLAUCE

vari ations encountered ere transition regi a consecut I ve
pairs of bands overlap. The output 626 of . the equalizing filter 624
is an i nproved replica of THeN bands Q:‘ut:g:umafraneﬁm frequehcﬁ%hﬁte’}ﬂs

?Ihtehglrjggelnltl P?\E/ee??gﬁigré%g%‘eéd f{ga&lekg% ?o this spe%l?%mms °
renodul ati 8. péhieh put the signpd/ ougever N pairs of UTP 610 in a
PCT/ US95/ 13016 public telephone UTP ‘loop plant 612.° Each band is
received by a correspondlng one of a bank of UTP
receivers 614. The transceiver outpute are then
presented to a bank of N- -1 to N frequency eh:.fters 616
15 (o, more generally, N-1 to N remodulators) . If the
| frequency sh:.fter 604a is omitted, then frequency
shifter 616a is omitted as well. _btherwiee, all
frequency " shiftere in the receiving site undo the
frequency shift.ing performed by the t:ransm:.tt:.ng site
20 frequency shifters 604.

An analog mixer 620 recombines the bands to
form an unequallzed replica 622 of the original analog
'slgnal 600 _ The unequal;zed replica signal 622 can be
improved by passing lt through an cpt:.onal equalizing
25 filter 624 to ccmpensate for phase and amplitude
variations encountered where the trans:.t:.on regions of
a ccnsecut:we pa:.rs of bands overlap. ' The output 626 of
the equal:.z:.ng f:.lter 624 is an improved replica of the
original analog s:Lgnal 600. -

30 ' Although illustrated in terms of frequency
sh:.ftmg, embodiments of the present invention are not
limited to this epec:.f:.c form of remodulation. Hence,



- 60- a plurality of renodul ators may be substituted for the
frequency shifters in the above-descri bed é&nbodinents. - Further, a
renodul at or may be substituted for a frequency shifter in enbodi nents
descri bed hereinafter. 5. An al ternative systemfor

i npl ement i NGV HELIES6 - di vi si on transmi ssi on of NTSC/ PAL/RSEARMENM og

vi deo signals over two UTPs is illustrated in Figure 20. This
system has the advantages of being relatively I nexpensive to

i mpl enent, degrades snoothly as the 10 transm ssion bandw dth becone
limted, and readily supports the introduction of audio.

A conposite NTSC PAL/ SECAM anal og vi deo si g&al- 640 is applied to a

| ow- pass filter 642 and a band-pass filter 644. The band-pass filter
644 is tuned to _paespisralétyw£ oremodudiations wayghgl subatitutedpEexisthe

associ ated t Heeguehby COML Bidxas i tHe) dBtfreLiddaersbeaakmbd@imdies .
| ow- pass filter 64% L8 %uned to_rol offorat a frgguenc itut <Relgwthe
chroma carrier sig 4f 3 Bt TS OTThBaY oﬁ?%ﬁ? Btede ?f/\fpadss
filter 642 provi defraguentyn#&hiftey in ambodimenteodesdrikedvheneinafiteri deo
signal 640 up to the cutoff frequency of the |ow pass filter 642.

The pair of: segparated signals frQm.the,output of_the filters 642 and
644 is siml as to the Y-C An 2 (ﬁﬁS’@?f&Hf ggfﬁﬁ'tn Fgﬁcﬁmﬁge T
video) with the 25divistent tvanshiesidre blniNTSG/PALASBCAMec@nadogbevideai de

(and in nost practpgghal 88t thaNgfpaa 9914sPrated i R8Gexdl ¥bSi Ofhis

I npl ementations is _not _as \ﬁlade). If th sourtg_e {2%5.%%% t o, al yeady be
in Y-C format, ratR¥P-¢Ranhas * the coﬁ%é%ﬁ“f%gﬁ%rnﬁ , i | t PR LN
642 can be 30 oninewpensins c&d, implemerinpodegragesyistesthiy | aai e
signal and the C CoPRABR{¥sI¥PYbdaawigeh CE&kBd@N08nited, Safdal readily

WD 96/ 21986 , AD,CT/ US95/ 13016
supports the introduction of audio.

A composite NTSC/PAL/SECAM analog videc signal

640 is applied to a low-pass filter €42 and a band-pass

filter 644. The band-pass filter 644 is tuned to pass

1s a chroma carrier signal and sidebands associated

therewith contained within the video signal 640. The

low-pass filter 642 is tuned to roll off at a frequency

below the chroma carrier signal and the sidebands. The

output of the low-pass filter 642 provides a luminance

20 component contained within the video signal 640 up to
the cutoff frequency of the low-pass filter 642.

The pair of separated signals from the output

Of the filters 642 and 644 is similar to the Y-C

component format (such as used in SVHS video) with the

25 exception that the luminance band need not be as wide

(and in most pra;:ticél long distance analog UTP

space-division implem'entatj.ons' is not as wide). If the

source happens to already be in Y-C format, rather than

a composite format, the filters 640 and 642 can be

30 omitted; instead, the Y component provides the luminance

signal and the C component provides the -chrominance
signal.



-61- The chrominance signal in a conposite
NT.SC/ PAL/ SECA | deo_sj | includes an anplitude and phase

nodul ated 3.58 MHz carrier residing above the hi ghest | um nance
frequency. 1In Y-C conponent fornat, 5 the | um nance signal can overl ap

into the %m&aﬁd _ which is carried on a physi c%%m@te

circuit. anpl i tude and phase nodul ation is act y quadrature
anplitude nodul ation; one conponent (less sensitive col or

i nformati on) has a bandw dth of approximately 0.5 10 Mz and is
transmtted doubl e-sideband, the other conponent (nore sensitive
color information) has a mﬁder bandw dt h of approximtely 1.8 MHz
and is transmtted V|a a | owner mnnﬁ%asldeband Since the carrier

is at appr oxi mat el y ronj na

lies in the cont| uous - ban f%ihggié kﬁ?gmgecg%seq Qgﬁgggg?ﬁese
pr-operties, S PALY ﬁﬁwmv-’i@@ signal;ipehudesan ampgitpde
frequency shl f andgphasé modiated 3.S8nHHeeaifibr aesiding hbdveethw.

In a first appro | th2 d erence
teo create a Ilne?&ghFF }ﬁ@iﬁéﬁée E%Weq[}en% 7S %o@h@ﬂ%ﬁ}; ﬂm&%{
spectrum 5 n affhe luminapce,edgnphr ARhOVEEIAR ni-ﬁ"éfhth% hebremanband
decoders are whiuaedst@aﬂhwa roreiad phg sh6al By esépardt&Wcti&&&hand The

chr o nance coTPGAER use Tihe BAREE2HAASARILAEA! KErdt 1y OERMRR uEe

I ntegrated circui exXI's
642 and 644, andanppirude tW“latiOn(zhr%‘Fﬁ nSAEBOneREoli@As sensipive

renodul ation sckel®r informdtti}i hast hebammummmaweomﬂaeerpts.s n a

band whose dth S t.han [, €Xa th chro
carrier cat’e pﬂryz é i } i%Fth h °’%%J(ﬁ ngﬁ)elbgpd Ene| {%%E t han
1.8 Mz |n frequeqmponema mq;@rsgaﬁQMm leolox mfmména@oqmmﬂ can

__be filtered to aphaa@achhof apprékdnsre ) UE.¢ sl i4id | ¥s!| e2anbbobeddi
~carrier frequenc;i th| S.| niégdy&gg od‘nl y 3] i ght oI or d.| stort i on.

\\D 96/ 21986 sing at
approximately 3.58 MHz, the 2 MHz-wide chrom:.nance band

15 lies in the contiguous band of 2.1 to 4.15 MHz. Because

' of these properties, a simplified approach to
chrom:.nance signal frequency shifting  can be
implemented, as described below. ‘

In a f£irst approach, the carrier is mixed with

20 ‘a sinusoidal reference to create a linear offset for
each frequency in the chrominance spectrum. In an.
improved approach conventional chrominance decoders are

~used to _obtein and remodulate two raw baseband

_ chrominance components. This approach is attractive
25  because integrat'ed' circuits exist which perform the
functions of the filters 642 and 644, and separate the
chrominance component The remodulation scheme
transmits the two chrominance components in a band whose

: _ width is less than 2 MHz, for example, the chroma
3o carrier can be put at 1 to 1.8 MHz. " If the new carrier
| is less ‘than 1.8 MHz in frequency, the wider-bandwidth
chrominance component can be filtered to a bandwidth

whose value is slightly less than this carrier
frequency; this introduces only slight color distortion.



-62- ' However, by lowering the carrier frequency, |onger
di stances of UTP can be suppasted. Renodul &fi on. can. oé™ done usi ng
commercially avail abl e conposite video signal chip sets, as used in

VCRs and car%g’r,?'?%?% but fed with 5 a |ower-than-normal__carrier
reference oScriracor “a¥ requency. The resulting (orPEFHEI3016

i mpl enent ati on) chrom nance frequency shifter 646 operates on
t he chrom nance signal to produce a signal whose bandw dth S
| ess than 2 MHz. 10 The two space-division signals, at the
out put of the lowpass filter 642 and the chrom nance frequency

shifter 646, split the original 4.1 MHz NTS&$PAL/ SECAM anal og vi deo

signal 640 into t signal s Qof out .hal f t hi s bandw dth. These
signals are then gﬁleqs'}éeg'tegd t _U%uﬁ_eging t FR®is fiAEdeT c5Eeaneres, donger

transm ssion over Jimtagses of UTRcars 38 fsupportedt i dRenydulEt iotr eiavebe 660
and 662. The ddhR 1888g \mnfea 1288 9V, : 4.1 ' Lgnal ,
while UTP receiveg . 6621':ﬁ‘$e'coversw:tq'h9 %ﬁi{ﬂ%ﬁ%ﬁ{&éﬁ%éﬁﬁ%ﬁ@ﬂ
chroni nance si gnalS**P 8€ Theﬁfﬁ%ﬁ%e‘ﬁt&% and cancrrdenty ditofedandth
signal -is frecﬁlencﬁ shiower: thask-normal ypcaxriers orefienehcé or wciltiagor
frequency shifter @dquency. The resulthhg!NAPBERBEN wigACHLAedraRAY® I

used for the downshifting, the recel'ﬁg signals are al n )
lated (preferably GHFRIABaPEinefteNeR YAy BLEEEE | 646 operates aoad bhecui't
with a | ower-than: chroalingacei signsl cte producex siemaill Wabee baagweacel

applied thereto), 3gpPaeakefhan 2 Mgt 0 | um nance and both chronm nance
conmponents, and renodul at ed using a conmercially-avail able integrated

circuit with a standard carrier reference oscillator 30 frequency
applied therdt0. The resul tThe twplspaeetdivision sidrais,Clatoghaaseeput

2 Conbi ned w th o e, ohe Rpw jabe EILEE 642 anfl £62 ORI Fragiendy "
oroduce a ShEESeF 26466 SPLit the original 4.1 MHz NTSC/PAL/SECAM
PCT/ US95/ 13016 analog_, vidgo ‘signal 640 into two signals of about half
this bandwidth. These signals are then presented to UTP
15 transmitters 650 and 652 for transmission over UTPs 654
and 656 for reception by UTP receivers 660 and 662. The
UTP receiver 660 recovers the baseband luminance signal,
while UTP receiver 662 recovers the frequency
downshifted chrominance signal. The frequency
20 downshifted chrominance signal is frequency shifted back
up to its 6riginal format by a frequency shifter 664.

If the approach described above is used for
the downshift;ing. the received signals are again demodu-
lated (preferably using a commercially-available inte-

25 grated circuit with a lower-than-normal carrier refer-
ence ogcillator frequency applied thereto}, separated
into luminance and both chronminance components, and
remodulated using a commercially-available integrated
circuit with a standard carrier reference oscillator

30 frequency applied thereto. The resulting implementation
of a chrominance carrier frequency upshifter 664 creates
a replica chroma signal vghich is combined with the
luminance signal lus:i'.r;g an analog mixer 668 to produce a



- 63- replica video signal. Since the |um nance band is fully -
contai ned W thip signal produced by the UIP recejver 66Q, and the

chrom nance band is fully contained within si gnal produced by the
frequency shifter 664, the m xing 5 needs no equalization as there is a
guard ban’@E een t he | um nance and chron nance lpgnfises/1301s

Al t hough 1t 17s not specifically shown in Fi gure 20, the arrangenent
di scussed thus far can be further enhanced by incl usion of

si ngl e-si deband FM 10 transm ssion in the baseband path at a carrier
frequency only slightly higher than the full baseband channel

bandwi dth. This approach is disclosed in g S. . Pat ent Nos. 3,723,653 -
and 3,974,337. As a result, all signals . in the space division system

mey be sent by meagsigh FMeo ignafl Vigihdd the! MuOhdfes Bnal L8nEaLipn

variation inmun

2 d f
space di vFéPEﬁlP?dom??ngé?oﬁigﬁﬂ' epgﬁﬂ F%ﬁ% i’Xn%?ﬂfdl I%%?rfY%IQ :
i ntroduced. Spe6sbj cahdythe dixrogtiaatcerband A Guldy eontamaddwbtlsir@,nal is

i nserted into thg gn m&%& él!lﬂ"ﬁlequ%ﬂcy BRi frd dén,stRehRdk
Thlsresultsmtl}u ;ﬁ
tation

use:- of n _each_direc
and Li ght wvave  Ree 5rBBuE?'%a jtﬁﬁt’\ﬂ"tﬁ‘ ?"lhﬁﬁ'ﬁe?' nﬁxmﬁédgmaéﬁt‘f
due to Dbetter theeluminand!te aridh chwounti hanad dvandsudi o frequenci es on
t he second UTP. 25" -~ The arrangenent of many of the
elements illustrated in Figure 21 is identic q_the r r anggment
in Figure 20, but addi tAdhauahe| therds nﬂ&ve"’?fé’gérf'ca 1 r pot at ed.

An anal og audi o pigase 280 ithei nirrardgement discusaed thuaotfax msadybeassured
to be band-|im tsqreﬁezoemamgw SAILELGH BY ULl GAderay paes

filter 682 to uenc ess Hzf The resulting
signal is BPesentrzansBissicpnokhe kﬁﬂ AEh us%taoparrier TSIV 1986
PCT/ US95/ 13016 only slightly higher than the full baseband channel

bandwidth. This approach is disclosed in U.S. Patent

Nos. 3,723,653 and’ 3, 974 337. As a result, all signals

" in the space division system may be sent: by means of FM,

15 giving uniform noise and attenuation variation immunity.

Figure 21 is a block diagram "of a space

“division transmission system wherein an audio signal is

introduced. Specifically, a baseband or an FM or PM

audio signal is inserted into the chrominance UTP signal

20 path in this embodiment. This results in the use of two

UIPs in each direction, as in the NVT and Lightwave

products, but with a longer maximum distance limitation

due to better use of the bandw1dth above audio
frequencies on the second UTP

25 ' The arrangement of many of the elements
illustrated in Figure 21 ig identical to the arrangement
in Figure 20,_ but additional elements have been .
incorporated An analog audio gignal 680 is introduced
and, J.f ‘not already assured to be band-limited to 20

-30 kHz, is filtered by an optional low-pass filter 682 to
. some maximum ‘frequency less than 20 kHz. The resulting
signal is presented to an optional FM or PM modulator

ye . -



- 64- 684 and then to a m xer 686, or else is applied directly

to the m xer 686. The m Xxér 686 conbi nes the signal applied thereto
with the carrier-downshifted chroma si gnal which has been shifted by
the frequency shifter 5 4646 so that the pass-bands of xed
signal s do WO9%219%ft over|lap. The mixer 686 produces a com%og%
which is then presented to the UTP transmtter 652. The conbi ned
signal is transmtted over the associated UTP 656 for reception by

t he associ ated UTP receiver 662. 10 The signal produced by
the UTP receiver 662 is applied to a high-pass filter 692 (or,
alternatively, a bandpass filter) whi&%r passes the chroma signal.

The renmmi ning ste of vi deo proce 0C as descr in
t he enbodi ment of pa 15 her o & @ﬁﬁ?r ?%éi‘ug’e% Eﬁe 1% ap‘?‘ﬁ&‘%%ﬁrfgﬁ?ver
662 is al so presenttad tthe amixes pg86. The mikeref8694onhinesothe signad the
audi o portion of t plied tﬁ@f&ae%%hgra&e Icfar%@eE%e&naMf&hﬂ 2hebm@84

:o?egZﬁ?ed to a ggrt trar‘l%g\ EI\/?‘GF bﬁﬁﬂgﬁ%ﬁ%éot?y 9 Gxpaudh Eﬁl"h%%ﬁuces

a replica audi®m sj ga# .so Ithatothkl pasPhbands of m:l'cb.lltmcomtlm ﬁsgnsée g t he
transmt side, the %rllap. he higet! ké@rpﬁ%adgé %Qo\mﬁhﬁﬁu‘ég§nhh!e

replica audio An rnative gh

i ntroduci ng audio "’Z’&Ch ignthen mﬁ&eﬁ@ﬁh%m? Fjﬁf‘ﬁsﬁbt??ﬁ':l 8t ep
of I nsert i Nn@Gouiyined aagnml\/i(aputansmmﬁed sl rdhe! mson)i.atad UTP
the horizontal syn g9 afedt 6P & 662
substituting the r?gﬁoﬁﬁ%?gﬁefj&?or t kgéaargr?a oga e r?jce%lg gnal 640.
The received replica is then passed 30 to a mat chi ng audi o/ vi deo

recovery devipe. Methods foThe s;gnalt prodacedi by thed VTP hyeseivdmE62eias
Do e % T g A MR A by e SR e
PCT/ US95/ 13016 bandpass fllter) wh;ch passes the chroma signa e
remaining sgqps of video processing occur as described
in the emhodiment of Figure 19. The signal produced by
15 the UTP receiver 662 is alsc presented to a low-pass
filter 694 which only passes the audio portion of the
received signal. If an FM or PM modulator 684 is used
on the transmit side, the output of the filter is then
presented to a corresponding FM or PM demodulator 696
20 which produces a replica audio signal. If no FM or PM
modulator 684 is used on the transmit side, the output
of the filter 694 directly produces the replica audio

signal. .

An alternative method for introducing audio

25 into the arrahgement of Figure 20 includes a step of
inserting normalized PAM (pulse amplitude modulation) in
the horizontal synchronization pulse stream, and a step
of substituting the r_:esultj.ng signal for the analog
video signal '640. The received replica is then passed

30 to a matching audio/video recovery device. Methods for
transmitting zudio by similar means have been used in
video traqsmigqion links for many years; for example,
the NICAM syg#em employed by the BBC.



- 65- Transm tting video-band or data signals over

UTP_l engt hs | opger.than 200 to 400 feet fypically require

frequency- dependent anpl i tude and phase conpensation to correct
for the effects of |oss and 5 phase- di sper si on whi ch occur W th

I ncreasi nﬁ ~_ significance as wire lengths | NCr pefMsosssore Such
conpensat Q62188 cases the possi bl e transm ssion di stance, but

t he paraneters of the conpensati on depend on the di stance and the
gauge of the wre. 10 In public tel ephone network | oop
plants, the UTP runni ng between a user prem ses and central office
Is typically nmade up of several snaller sggments servi ng only parts
of the total path whhich are |inked ("cross-connected") as

needed. - As 't el ephone subsqrrlaggﬁ,gtti v§&@6lbazﬁflfbrsdéﬁh FIYNEIGE over A

given segnent |is ss-connect ed, . freged- a SS- co cted
again -- %SFSF?‘:PB nGRL,j Fﬁaﬁ 1290 dF?f:ahr%eont E?Sgal ‘i'
situations with dhegiidwect i dreguencysdépendent nampijptude  and UTI!!i’la%d such
signi ficant vol aiddldnbdtdchNad cserdée 28r thRUEYectdl oF PleBS adaanual ly

adj usting. corrpensatlon = araneters- at .the al latio a new
ser vi ce 5 ehaseqhepsrsion be% emePFHT A nﬁ'gﬁé fo(ra‘:"E c

adj ust nent of cwmmﬂidamceparmt evireovelengkhd Ul lincrease.r ange SychUTP

di stance is a s&wéﬂ%%qbn faﬂ a[dés 2pe I gg_gge 't herartidlgasant -

cost of the econmuni n system._ ,

Various circuit Qieﬁﬁfﬁﬂ%ebutsﬁbﬂ %@ﬁﬂ%@% sakiqn denegd v
drive as descri st the distahekecahd the gauge of m ‘B0Beto Kwartiroff et
al., can be used to - 30 reduce the senS|t|V|ty of conpensatlon to

variati.on in : the length of t he t hese hC|rCU|t
techni queslOprovide a varuRybdi chQ;SmaEﬁ n%ﬁ'éqré‘n(;\é’ plants, t
i nsensitivity, vu-rierrdzaﬁe@s b@i:wdbﬁt anﬁsersprédnismmnda central ofifiee/ 21986

PCT/US95/ 13016 is typ:.cally made up of several ‘smaller segments serving
_ only parts of the total path which are linked

_ ("cross- connected") as needed. As telephone subscribers

15  start and stop services, a given segment is
cross- connected, freed- up, and cross connected again --
'possibly to a run w:.th a far different total path. In
_situat:.ons with bidirectional transmilsz.on, multiple

U‘I'Ps, and such significant volatility in the reuse of

20 segments of U’I'P runs, manually adjusting compensation
parameters at the installation of a new service
subscription can be problematic A means for automatic
adjustment of _compensation parameters over the full

} range of UTP distance is a significant factor in
25 'redncin_g the deployment cost of the multimedia

teleconunication system. .

_ _ Various circuit techniques, such as employment
. N of em:.tter follower dr:l.ve as delcribed in U.S. Patent
_ - No. 3, 456, 206 to Kwartiroff ‘et al., can be used to
30 reduce the sensitivity of compensation to variation in
the length of the UTP. Although these circuit
techniques provide a valuable ‘degree of distance
insensitivity, wider ranges ‘of distances still require



- 66- ' adj ust abl e conpensati on. Based on known attri butes of

UTP as a transm ssion |line, self- .adapting conpensat.ion appr oaches
have been devised in the past, such as in 4).,S. Patent Nos. 4,273, 963
to Sidel and 3,568,100 to 5 Tarbox. These nmethods use flxed order
m ni mum phas®O9621%6 "o ensation network whose frequenc? H€at i on
paraneters are adjusted by a continuously variable elenent such as
a transconductance nul tiphi:er or a (vari abl e i npedance) di ode,
resulting in a network 10 presenting a conpl ex-val ued i npedance whi ch
conti nuously varies wth a contlnuouslg reference voltage or current.
The reference voltage or current is supplied®®y an anpl i tude detector

circuit, and these i.h put_the detect or and_conpensat.Qr .in a
negat i ve- f eedback c%ﬁ Snfbe cqmggﬁsatm’f E%?%él M aqé'ﬁ?@’“t& 8s Afoses
cascadi ng le&l@gmmmmpeAsase seiftadapting stempeawsation
rbmever due TO |0t dﬂﬂéﬁﬂﬁhdﬂtﬁgﬁhtékbiégﬁﬂhn the Q@Eacﬁﬁéhoﬁsulﬂ
ransm ssion line onl.i near |ve
conpensation for tPg%g g'ékﬁkrﬁﬁitaﬁcég3'%ﬁ3 gﬁdd£ §V§thg§b
bandwi dths ar®. Tarhmobl Sesiec methodat us¢i i fmseéso:adar phizsienghiphaseat a
gi ven frequency do Juhpdratdane |rlé%&4k3’ Widaedi st ﬁﬂﬁz%nc _conigdnsatien
asynpt oti ¢ -3dB/ oct ave bhehavi or _of t 4% SV in155| n-line
transfer function tﬂ?&ﬂ?& St r BES| r?dﬁ}‘ 5 ﬁ?fﬁcﬁf’{‘t Bueys ct"ﬂﬁ*ﬁle
sinpl e | oworder netlemed, such amtaertranscopdustance sultiplisustomegin
to alternate +RE/a30 teavﬁmﬁé’é&%é)nddigﬂ? oq; tA%g0S i@t CohRNS

in geometric progression. . i s ncreasi ngly becones
2 battle of c RFRRERINE0R GrrnleRsvalygd awaaacetshg ‘contianeusdy

post - enphasi s in thantikd withiyeontiaabaslyareierente voltage aascaitent .
sensitivity whileqQie;:88RR85¢s vbit ns tts%@ eRe s _hoi se
and crosstal k generéﬁroﬁ& ' C% a#del ] ne%u( I&I ei%w EB Egpf}y i

Part 68 and amplatyge, gggector circuit, and these methods put t: e
PCT/ US95/ 13016 detector and compensator in a negative-feedback control
15 loop. The Sidel patent also discloses cascading

rm_xltipie stages to compensate for longer distances.
However, due to loading effects within the lossy
character of UTP transmission line that vary nonlinearly
with distance, adaptive compensation for longer

20 distances at video and data LAN bandwidths are
problematic in that: (i) losses and phase shifts at a
giiren frequency do not increase linearly with distance;
(ii) the asymptotic 3dB/octave behavior of the lossy
transmission line transfer function becomes increasingly

25 difficult to correct with silt_lpi_e low-order networks,
rather a compensation circuit 'h;ust begin to alternate
-6dB/octave poles and +6dB/octave zeros with locations
in geometric progression.

All of this J.ncreas.mgly becomes a battle of

30 compet:.ng losing causes for long distances. Increased
post- emphas:l.s in the UTP recg:.ver creates noise and
crosstalk sensitivity while pre-emphasis in the
transmitter increases noise and crosstalk generation.

FCC guidelines' (Title 47, Subéhapter B, Part 68 and



recei ver or 15

si gnal s between a S|gn

706. The UTP rceengidexpd tmaﬁ;ﬁnﬁvweﬁ des gn,t ﬁ&ﬁecumwm jkound

responsive to oneher mtentiaﬂuerbsyxefits

-67- Title 47, Subchapter A, Part 15), which nust be
cansidered in transmiter design also ultimtelyv bound t he
potential benefits of pre-enphasis in the transmtter. These
facts make the space-division 5 techniques described previously,
which 1o uppernost frequencies carried opcfugdaBsUTP. nore
attractive 9(‘)ilrzut%ﬁe | ongest ranges of UTP to be enpl oyed ¥ct |n6t he
“invention, To simultaneously maxim ze the |l ength of UTP
10 of a given gauge and the bandw dth which can be transmtted
over it wth a sinple approach, the i nvention may optionally
enploy a sinplified detector : and digcrete-step equalization
circuitry. A general bl ock dlagr§§1|s shown in Figure 22. A UTP

a’ﬁ'itersut%rc%géﬂéceiver JﬁQ;O '1%)“56911&8#9@5?{% o UTP

afpepsatemphasicui ia 7he A

deband I h 0
\tMO teha”UTg”a 09 S s & ThEBRCCEgotd «;‘ackgrrpgggat% edivillich 71

714. The cBnpenteghnigues Clﬂﬁ%crﬁ-ﬂ?drm}”\‘%’f“gﬂ-éfat | yhigh' lowexonhhe

for exanpl e,

Frecel ver/t ransm tter/transcel.ver

a connectl on

ity;

a coppermait ofirequencies 10arried on gat giereiesmgned nioxte short

for very 1SRG o R RAAE, i e B0 & o gty

in the 1nvent 1fNae| ect ed one of the corrpensat ion circuits

conpl exity.

710 is determined by logic circuitry 716 which acts upon 30

|nforrrat|on

generated by one o more YeIMmIEhRELGEEY maxinlAl tnd TengthOWH e

detectors

720

exani ne - specl

es o)
them fromife URE a givemejgayge oand rﬁh%mlﬁf{ﬁ" dsh gﬁﬁbce‘?%r be700.
Wo 96I£Mtted ~over it with a simple apprddch,USehel3016

In
._68_

15

_:anention may optionally employ a s:.mplified detector

and discrete step equalization c:chuitry A general

_ block diagram is shown in Figure 22. A UTP receiver or
_ transmitter or transceiver ‘700 is used ‘to transform

signals between a signal :.nput 702 or a s:.gnal output

704, and a UTP 706. The UTP receiver or transmitter or

20

25

30

transceiver 700 is responsive to one or more fregquency
compensation circuits 710. A wideband analog switch 712
connects the compensation circu:.ts 710 to the UTP
receiver/transmitter/transceiver 700 by a connection

- 714. The compensation circu:.ts '710 may vary greatly in

complexity; for example, - a compensation circuit 710a
might be designed for short lengths of UTP, while a
compensation circuit 710b m:.ght be designed for very
long lengths of UTP and h_ence be of increased

complexity.

A selected one of the compensation circuits
710 :l.s determined by log:.c c:.rcuitry 716 which acts upon
information generated by one or more s:.gnal detectors
720._ The . signal detectors 720 exam:.ne' specific
attributes of signals presented to them from the UTP
receiver or transmitter or transceiver 700. In



addition, or alternatively, the choice of conpensation may be made
by an external controllér. “The. signal detectors 720 and
logic circuitry 716 may have various inplenmentations. For exanple,

t he 5 signal detectors 720 may be designed to.work mntg, ecific
si gnal for nN@I/HUMh. as anal og video signals or rai o4 nglur‘l)gpblt
synbol s, and nake neasurenents agai nst known attributes of those
signals, such as the sync - pul ses of anal og video signals or specific
transition 10 interval s of raised-cosine bit synbols. The output from
the signal detectors 720 would then be constantly nonitored by the
ogic circuitry 716. As another exéﬂb1e the signal detectors 720
may only be nDnltored he logjc . circyitry 716 en _certaip.test
signals are adgatdgn. °rTﬂ terna Yﬁ%ﬁj(gﬁﬁ A5k © f°°8ﬁsn88£l°?he
eonpensat i on C|rcumhy BéOmaéesbxwzniextanmmiryonthgbler— requiring the
logic circuitry 716 to include an electronlc menory. I n practice,

it is preferred that T{x]e gfgn rf’é Q’F\égl %élr %%S?QBHSS: %8%%3‘&%

frompower 20 glitches.
" Channel Coding w t7l16 may ‘hawt| vartious ARplemShtaticns. | FoE ?RA!@A@TI ths ON

| NFORMATI ON 7,
5 : sud%@as &%& Hoo Thay) 2BEaTdesidBRa PPo k! watH

subsequent developne S arrlerl t ude
modul ati on phase n@®PECALis Fignal IoFPah su%‘é" as ana ‘Bga‘ﬁaff%%ﬁﬁt?’én ‘
techni ques whi ch caaibeddsedite bit symboks/ \andehnake vesasuregientist agawstover

relatively limtedy, ’._bcq? d | B§8nals Uskl8h! @S acHeChp gues
5-6 bits per Secon gtgl tf]baﬁ%vm éré%ns be ca rfrl e gg

Hertz of anal og ba®#kegenhof apmlog: Yidse §&5Pé 8t §r SPeCilifpicf FFF§°ﬂ|gh
bandw dt h andaused :.mm;lhumﬁammﬂ]—ogsme bit tsyabeilsssiThe ouspat| £xromFor

exanple, =~ Si1icon D83 ODigpal deEEBELES: FF- WoRiAN! tieR MU NEBHsRARELP
design clai mng s
PCT/ US95/ 13016 monitored by the logic circuitryggdis. As another

example, the signal detectors 720 may only be monitored

by the 1og'ic circuitry 716 when certain test signals are
15 applied. ' the resulting selection of one of the

compensation circuits 710 is stored in memory, thus

requiring the logic circuitry 716 to include an

electronic memory. In practice, it is preferred that

the memory is non-volatile so as to be immune from power
20 glitches. ‘

The work of Ungerboeck in "Channel Coding with

Multilevel /Pase Signals," IEEE TRANSACTIONS ON INFORMATION
THEORY, Vol. 28, No. 1, January 1982, pp. 44-67, and
subsequent developments such as AT&T’'s CAP (carrierless

25 amplitude modulation phase mofiulation) have given rise
to analog modulation techniques which can be used to
carry relatively high bit-rates over relatively limited
bandwidth analog lines. Using these techniques, 5-6

bits per second of digital bandwidth can be carried per

30 Hertz of analog bandwidth. This can be scaled to
arbitrarily hi_.gh bandwidth and used on any linear analog
t:aﬁsmission channel. For example, Silicon Design
Experts, Inc. recently announced a chip design claiming



155 Mops using 30MHz of bandw dth on short (<100 neters) ~lengths of
voi ce grade UTP. Enbodi nents of the present | nventjon can enpl oy

t hese techniques to carry digital streans over public |oop plant

Uﬁg gor exanpl e, using 5 '64- poi nt QAM and Veterbi encoding, reliable
SMops data ‘rates can be carried over 1 MHz. of bangw .Gt sadn€

bandwi dt h"WOR@88 ong t he worst avail abl e public | oop M%&,’m{‘

runs. Further, scal ed-down versions of these t echni ques have been
reported to deliver 1.5 Mips T-1 10 service over 12,000 feet of

uncondi tioned UTP | oop pl ant in a 1989 trial of the so-called

H gh- bandw dth Digital Subscri ber L|ne (HDSL) .

Even- a nodest-scale deploynent can Justify the fabrication

of integrated ciycui | ved
i n inplenmenting 155 ﬁbsp %ﬁ‘fmbﬂ% %gpg%%gg%ﬁéclg&ir? chaal% I[BI)O v
conbi ned msphmeo%msedgvadeow'%cmhqdémeusgcefm mea@ft
10-20 Mops di gi t ShvéeW AL dan tempd %9, lweaewedﬁﬂ;&@s to carfgblrd)IgiStlaﬂg' y
little cost using NTN ‘qver_t 19 iéc %ﬁ% n PP ant
Preferably, thes ’Fﬁ)"ésad'\?gn'?@% € ”s?qgarf‘éﬁ éns%’gsﬁgﬁ %e cfsmgre
i ncor por at e8-t o 64rpoint QAM and,eterbicepredinge yoliable ﬁﬂhPSIQﬁﬁjar UTP
re)ligznd the bandyj ates caf€ Késéhrrﬂéddlc@e&'ahcmnteéﬁ Eg?dbﬁdﬁﬁ?dﬂhé

n S i
streans,.: such as Tf?‘i]v@c‘{ti% d% qﬁﬁ J%aﬁ%r{ rg‘;alﬂg’llc?mq_“ﬁ% r]’ta!mp

digital streans plant \IU‘E’SI‘URS-MEurther. scaledrdpwn versiong <f fthesecodecs,

o Er S ot o Eisifi e havelaRd didiicklon) cor el VaL 1.8 Mope TiL
i gi s on o igita
streans atl Sract??ﬁéﬁ el'°§'e§a§%s°°° feet %u‘fn?fmdi'ﬁ%nie ﬂ%?:i} tg

utilized in accamana®es tirial of thmeso-maé.iedt Highvhandwidth Diﬁymadal ly,
tpg% Uggg} Egg% SubscnﬂéQ 9.%219%51.). 70.
. Even a modest-scale deployment can cost
justify the fabrication of integrated circuits which
15 pexform the signal proceeeing involved in implementing
a 64-point Qmmfveterbi encoding chip._ When combined
with the space- -division technique: described earlier,
10- 20 Mbps digital connectivity can be provided for
surpris:.ngly little cost using NTNI over the public
20 telephone locp plant. Preferably, these more advanced
signal transmiSSion methods are incorporated to further
widen the bit rate possible over longer UTP runs.

. The resulting digital channels can be used to
expand the bandwidth of NTNI UTP channela transmitting
25 digital streams, such as directly-carried data signals
from LAN ports, digital streams from V.35, RS-449, or
similar interfaces from codecs, routers, and other wide

area networking equipment

_ Public telephone UTP loop plant for digital
30 transmission of digital streams at fract:.onal T-1 rates
{but not TNI fomats) can be utilized in accordance with

the present invention. Typically, the equipment



purchaséd by a business for wide area tel econferencing and data

networking is designed tdo interface with one . . .(or nore) of the
fol | ow ng: (i).the voice tel ephone net wor k interface; 5
(ii) non-1SDN switched 56 Kbps service interface Soas in

. AT&T Accunet¥0 9621986 (iii) |SDN Basic Rate services intBeFESWINI6
(iv) V.35 interfaces to T-carrier interfacing equi pnent; 10
(v) RS-449 interfaces to T-carrier interfacing equi pnent ;
or (vi) T-carrier interfaces directly. Cases (i) to
(iii) and (vi) are well served by TN -based services. Cases (iv) and
(v) may be nore economcally 15 served by70NTNI usi ng UTP.
Typically V.35 and RS-449 |nterfaces are used to carry signals in

excess of 64 kbps PYrShasef RY anBusiness fo% wide axeaefelecenierrneing; n
turn, is interfaceanti data netwozkingr isNdesignedces. intevfade awilt iRSord9

are not 20  directdy %Qgprggdu{y %I gel ephone networks. It is
n - 44

possi bl e, however, to c streans in near-raw form

over UTP to switching a235 or® lpﬁ”\fq%ee)g@,lep one netwerky; interfacesar by
multinedia cetral offidéi) fidwe-ISDN swﬂgptm:hmls CKibper sepwicer interfacan be

I npl emented in a 25 fleld chi p.
Figure 23 is a block 5% an |nter agggt? for carrying elther

V.35, RS-449, or othe %ﬁm’ Basic; Ratgngervices intenfadeor m over a UTP.

The interface cornbfr) Sew. 381e i:itenfrae:eiat 2ooUlRdhareieeui iatéfbacong Or
30 nore control output cigghd one or nore control I nput

circuits 744, and one or nore a |r1 Ut _circuits 746. The control
circuits 7428nd 744 gol¥tn ESré49 rrimgerfaces tow¥ gprriggs interfacing

PCT/ US95/ 13016 equipment; or
(vi} T-carrier interfaces directly.

Cases (i) to (iii) and (vi) are well sexrved by TNI-based
services. Cases (iv) and (v) may be more economically
15 served by NTNI using UTP.

Typically V.35 and RS-449 interfaces are used
to carry signa}s in excess of 64 kbps to switching and
multiplexing equipment which, in turn, is interfaced to
T-carrier TNI services. V.35 and RS-449 are not

20 directly supported by public telephone'networks. It is
possible, however, to carry V.35 and RS-449 streams in
near-raw form over UTP to switching and/or multiplexer
farms within a nearby multimedia central office. The
logic and conversion circuitry can be implemented in a

25 field programmable logic chip.

Figure 23 is a block diagram of an interface
for carrying either V.35, RS-449, or other similar
streams in nearly raw form over a UTP. The interface
comprises one or more data output circuits 740, one or

30 more control output circuits 742, one or more control
input circuits 744, and one or more data input circuits
746. The cdnt:ol circuits 742 and 744 govern the timing



-71- and validity of the signals on the data circuits 740 and
746. The control circuits 272 and 244 are coupled to a Logic
circuitry 750 I ch uses sonme of these signals to control a

serial-to-parallel converter 752 and a 5 paral |l el -to-seri al

converter_754. The logic circuitr 750 al so exchgﬁm A3gged

control svgm%nd/ orgderl ved y control signals with the 3618
serial-to-parallel converter 752 and the parallel-to-serial

converter 754. The serial-to-parallel converter 752,

para- 10 |l el-to-serial converter 754, and logic circuitry 750 _
are clocked at a rate which is sone rrultlg}le of the data rate of the

V.35, RS-449, or other S|mlar |nterface Timng informati on nay be

provi ded by a- suf Le i C

frequency-nul ti p %‘q'f@éy ﬁ o Io?&’aé I§% dea 1;:"Q'izléwc')‘g’sb?/ocknél | oop *
with a dl?Aﬁzle WEI\IGWEQGeﬁ%’;’F%MR cﬁ?r?g aﬁf ehre vwms

f eedback | oop) Vto?ib tgiaRdudtay 950 cwlbdh y.:s.rcscebmedof these tsigrmj.sslt@nal

The serial -to- par IeI cQnv 7 M]fé | leflo t Qe 153l
converters 754 % ttfé’xcﬁaa es(tﬁ?& 5’% ?Q?%]r']r'r% i on ra recel ver and
t.ransnmitters . parallei -to- seriap:opoavm.jter -4 nt %f@@rﬁ:é"i’-’rﬁ&i&ﬁnt ed by

?h i st dLSE rl(j%@&l%ﬂéﬂ&ﬁﬂﬁ@eb@mad &éntFoX edighabbcand/ P GRirdved’
e distributed confer.enc o] gghc HQE:‘ cost .
associ at ed t-her €% g&aaﬁ‘é s£ %J I'Farall larfwenbo&grgr‘ent of

a net hod of Ioca?521gmﬂ parallel t%‘t%ﬁf@n#@ﬂé’ﬁé‘?—ﬁﬁ @8fts which provides
a mniml trunk- ing cost. ~ As indicated by bl ock
800, a step of conputing nmum s C netvvork
topology is 30 perfornga‘ef cﬁezﬁ???ﬁ’eg?ﬁgf%qgl ré‘é %ﬁe’gf rIgaft régpants in
t he conferkbice. llelhdaraenialh soaverhgrt 786, nﬂ;ldbéOQic cirepipuyedShy
finding a trunk fQuidjedKkka a8 &Ritedwhiel is some miD:2518198&he data

PCT/US95/ 13016 rate of the V.35, RS-449, or other similar interface.
Timing 1nformation may be provided by a sufficiently
fast free- running clock or by a frequency-multiplying

15 .phase-locked loop (i.e., a phase-locked loop with a
- divide- by—N frequency-dividing counter within its
_feedback loop) which tracks an externally-received
| timing signal. The ser:.al to-parallel converter 752 and -
'.the parallel -to-serial converters '754 alsc exchange

20 information with the UTP receiver and transmitter.

For a multi-po:l.nt conference J.mplemented by a
distributed conference bridge, it is deeirable to locate
the distributed conference units so as to reduce the
trunking cost associated therewith. “Figure 24 is a flow

25 chart of an embodiment of a method of locating distrib-
uted conferenc1ng units which provides a minimal trunk-

ing cost.

As ind:.cated by block 800, a step of computing

‘a min:.mum spanning tree across the network topology is

30 performed for the specific collection of participants in
| the conference. The minimum spann:l.ng tree may be
computed by finding a trunk routing for a centralized



-72- conference bridge, and nodifying the results by collaps-

ing any multiple trunk allocations between a.pai.r. of nodes into a
single link therebetween. As i ndi cat ed by hl-eck 802, a distributed
conference b nit is ™ | ocat ed at each node in the

spanni ng tre@oﬁgé’ﬁf; rmre than two intersections. %ﬁ%&i&f‘by

kl ock 804, one trunk is allocated for each |ink of the m ni mum
spanning tree. Preferably, each distributed conference bri dge unit
performs a function dictated by its position 10 in the spanning tree and
t he overal |l topol ogy of the spanni ng tree. The
nunber of distributed conference bridge -72uni ts needed at each office

may be found using a _nethod si m_lar t t hod o ur

Here, the step 15 9 %’?&tcgdbﬁ d%?'ocﬂ?diggé §Y¥Iﬁ% eeﬁ_e§3 kgb"é’éia&ﬁ‘
optimal |ocations tiaglanyii ekt ipke dteenk eablwttarqnjgebetween umi paifbpf
means, for exanpl e,ndacest Hars ai Blﬁgﬁé)mﬂimg:herebetﬁééﬁ W%di%%%abw

above) relevant to c erenc 0

To serve a wide ra&?&c& %%ti"po&?\?tﬁ% inaog}feren%dpazégﬁf didtci g
needs. f-or a | & ge pgosated ah each mede in théemindwam spaoning tmyechaviag
speci al i zed confer 3@ than tﬁ'l@&%ﬁ%ﬁ\ﬁ&ngav'm J.?ﬁll::QEEErﬁy Hldck Begture -
optim zed to serve a needed oI I ecéjl 2 ﬁ‘faeﬂr e:s e features’ 25
whi ch may be provi #&¢ ircittet® Egﬂ?? | F9Ed eé‘S nk of the.migiphge
units; (ii) distri Ml%nteeence?ﬂnﬁed:gbly, eachndistisibutiedy coafepence
conference ! opol 00%xaligesafiit (pdidorns a f@:téﬁ%ml&egzéagoyli@%epasﬁztmn

part i Ci pant S deo, npsal ¢ an

capaci ti es; (Jll&j) 36“ t% I%’ﬁb‘)’(":?amrjﬁnﬁl"r\% angk; Fhen oYt Tosepelegi %%dFEe

m xi ng capacispraaingvireel owi ng varying nunbers of participants
above the npsaic capacity but constrai ned by sone other bound; (vi)

one or nore close-up feature (V|‘|nl)>e| ndi_- WD 96/ 21986
PCT/ US95/ 13016 r of dlst:nbuted conference bridge

units need_ed.at each office may be found using a method
similar to the method of Figﬁre 13. Here, the step

15 indicated by block 426 is modified so as to assign
optimal locations to all distributed conference bridge
units (by means, for example, of the tltinimum spanning
tree method described above) relevant to each conference
topology class.

4]

20 To serve a wide rangé' of multi-point video and
audio conferencing needs for a large population, it may
be advantageous to create a specialized conference
bridge server having an 1nterna1 architecture optimized
to serve a needed collect:.on pf features. ‘The features

25 which may be provided include: (i) centralized confer-
ence bridge units; (ii) distribin_:ed ‘conference bridge
units serving various conference topology classes; {iii)
allowing varying numbers of participénts up to the
maximum video mosaic and audio mixing capacities; {iv)

30 allowing varying maximum videél mosaic and audio mixing

. capacities; (v) allowing varyxng numbers of participants
above the mosaic capac1ty but constrained by some other
bound; (vi) one or more close-up features; {(vii) indi-



-73- vidual view control features, such as private video

close-up sel ecliQoemaddeo npsalc cont ent, selection  and ideo or
spatial audio |ayout selection; (vii) one or nore conpression
schemes, including H 360 and ot her 5 algorithns, with one or nore

par anmet eryy %gkons (such as resolution and bit pgtvessaten) pixel,
DCT, and/or VL domai n conpositing; and (x) support of multiple

I nput and out put streans including anal og video, swtched

Et hernet, and JPEG MPEG 10 An architecture for a conference
bri dge server may be optim zed for the specific collection of
features to be spanned and overal | g%{'_iffic capacity requirenents.

The potential for optinization results fr a flexible configuration

of smaller el enbpiqpep! $1uhi conkEeY ! ci%%tkies, fﬁcﬂewepefivahamt&o In
contrast, afixe conflsg on _of the: sng ei tsresaultsm
ose- eﬁ.ﬁgﬁign,t %W con ent "aelection,

i nefficient use S
enbodi nent of a widewromhepitiElodultis dayout aadlelceabn@n (4D h@ne or

above-descri bed f&ad UE@ﬁpréssion'SEEﬁEmego :.anSidEi.ﬂ FigflWed 28na Atdle al ity

of incomnm ng_videg an 1.0 Si rrom-vartous.  spurces e lied
to a Yo L ggrtsme, with oo ﬁ%mesmrameaea Variatiquy, feuck "

cell groups 810 awmemiolutdon amd iteranpht Cix) pixel, DCT, addkor VB@ cells
312 are capabl e Shuacs Whigth:tibhe' sl 23) suppae ORI okl 07 m N0

initial processing, s ch as .video Sa ng Sl

opt i onal é&%rﬁ&gpﬁlﬁpﬁrmcﬁ@&% b%“% Hige? %&h’f@

i ncom ng si gnal Ethexret,i apdt JPBE/MRE®UpPs 810. I n cases wher e the
signals cone froma single source, such 'as a 30 - single office swtch,

t he external -i nput sw tch 814 I S mpst |ikel.y- not- nece sary; its rol e

is to givel@l | i npu %ﬁ‘i@rtﬁﬁt‘ﬂ%a@&ﬁﬁn&&'@égea#? g% FETVEF| s. 812.
V\D__S?_G/ 21986 may be optimized for the specific coPTéction/df3Ebatures

to be spanned and overall traffic capacity requirements .
The potential for optimization results from a flexible
o configuration of smaller element pools which provides
15 for reuse of elements. In contrast, a fixed configura-
tion of the smallexr elements results in inefficient use
of much of the hardware. '

An embodiment of a server which provides a

.~ collection of the above-described features is illustrat-

20 ed in Figure 25. a plurality of 1ncoming video and

audio signals from various sources are applied to a

'plurality of input cell groups 810. Each of the input

cell groups 810 contains one or more input cells 812.

The input cells 812 are capahle of accepting different

25 signal formats, and performing initial processing steps

such as v1deo sampling for compositing An optional

_ _ external input switch 814 may be :anluded to connect the

. _ incoming signals to the input cell groups 810. 1In cases

‘where the signals come from a s:Lngle source, such as a

30 single office switch the external -input switch 814 is

| most likely not necessary, its role is to give all
inputs equal or near-equal access all input cells 812.



-74- ' Each of the input cell groups 810 presents a

processed signal to a Corresponding internal-signal switching matrix
816 dedicated to the group. ?Ftefera- bly, each internal swtching
matrix 816 |s | npl emrent ed 5 as a card-cage backpl ane, his is
not reqU|re gﬂP > Each internal -signal sw tching natn><é%ﬁﬁ$%ﬁ&%§corre-
spondi ng pooI of output cells 818 dedicated thereto. The

internal -signal switching matrix 816 directs sel ect- ed signals
received fromthe input cell group 810 to 10 specific inputs of the

out put- cells 818. Effectively, each of the output cells 818 has as
many i nputs as the HBX|nun1nunber of ~Phrti ci pant s supported by the
confer- ence bridge. & g ut cells %18 assenbl

conposites and perform audi o-Af ﬂg R Yn ¢ SLPS fgo Pr?ﬁ?“BﬁtBut

cel I's 818 al so progwesessegutsignpial $oi na t iRerrespondingi detesnapusighghal
format. A grOUID of sWiTtE!t&ngetnhEnx 816 dé’éid@déd o e b%ﬁbna| PEeEBRE -

switch 816, enen | r.t Wit hi
hi gh- throughput %ly, e&@&l@ﬁ% cﬁV¥' th ﬂ% Pﬂﬁe gggﬁFWﬁﬂged
processor . 20 as a card-cagﬁahackp&&yse. taié:lmnghjthcelis r@]:BrGQBJ-tedpl ed

to an external - out fglenSWinkebhas- S?éx'.iéI( &ﬂ:dﬁh@h matix 816 ha¥! Qeéoﬁ”‘é—
out put signals. One or,,nore s

connect ed between SROPERREr RGPS |ﬁ§uPutpu£ cgi&Ft@H88§&hgﬁgt?% thedets.
ext er nal - out put swiThehiBf€rnal -Eigmnalsswitehing mutrdut L6 Gniectis 82lect -

Bt Taengoy WRaRills received ®eh Und MUl LIl dug ochne
single 1°off|<§é’e§\7mfi‘8h1n¥’ﬁﬁse‘i ﬁ% %gﬂ szoﬁgeﬁﬁ%t'e 1y,
| i kel y not necessalach oft bhe ousgutheellnrnn&;huh mhemaﬂg inputispas theél s
818 can be direct|y pLas ”ﬁﬂb& éf‘gaa%%& ants suppd %Z the confer-

The external -i nput smntc xt er na gut tch 820, the
i nternal - si gnal swiePSgesPBidge 1 he The outpupp ey ?19533 assemble video

PCT/ US95/ 13016 composites and perform audio m1x1ng from signal inputs.
15 The output cells 818 also produce output signals in the

desired output signal format. A group of output cells,
as well as the internal-signal switch 816, may be

implemented virtually within a single, high-throughput,
dedicated-architecture, real-time video image processor.

20 Optionally, the output cells 818 are coupled
to an external-output switchiué matrix 820 which pro-
vides the outbut signalé. One or more straight-through
links 822 may be connected between the external-input
switch 814 and the external-output switch 820. The

25 external - qutput sw:tch 820 prov1des equal or near-equal
access of the output cells 818 to the outputs. In cases
where the outputs go to a szngle sink, such as a single
office switch, the external-output switch 820 is most
likely not necessary; in th;s ¢case the outputs of the

30 output célls 818 can be dlrggtly.presented as the output
signals. | | ' -

The external-input SWitch 814, the external
output switch 820, the internal-signal switches 816, the



- 75- I nput cells 812, and the output cells 818 all nmay be

controlled in communication there- with. [t ¢ay

be advantageous for at |east the software of the controller 824 to
be conprised of two internal 5 subsyst ens: a first controller

subsyst emg@28 ahicch governs the assignnents of si gRpsesisof and
paraneters of cells, -and a second control |l er subsystem 828 which
handl es variations in these assignnments and paraneters’ so as to

i mpl enent service features such as individual 10 views. The main reasons
for this partition are: (i) t he assignnent controller 826 is best
controlled in conjunction wth the twork while the feature control -
|l er 828 is best controlled by the users, gﬁd (ii) the assi gnnment

controller 826 ”Eﬁpﬂ‘ée@eﬁ.ﬁsf g8t %thQ:i’uEe put:r ?’%@? 821 1C Gl Obe

channel handl es t0o act] vl eature controller
828. ~ control ll?é ?ﬁt%r?ﬁ;ﬂt’s‘ipl@ﬁ&] gw P-BhFR@'“Hﬁ%FPE%%n ghilere-
and optionally, whthextzu ey ihepaﬁvsm:ageoug foxt mitx 1@aét the softrwhrde

external -out put gi Egta nerﬁenér f“ esyb@e eriélé’dtéf'%dxhﬂéﬂual

separately contro |o an in order to separately
process audPo anﬂ“@?ﬁ%’éems RS °°Wﬁ5ﬂ11 gubeysEem BidfePRighal s  of

t he ext'er ngbvefwtﬂzeaaésmgnMSs a:rfeaignsb rbutiticoandopat-ateters  éd,
t he external -inp hi 4 £ g :
ngg&dﬁ Qﬂ Féoﬁé caﬂil’a ered uWéﬂnﬂaézéDE}&o and

swi tching nmatrix are era e au
vi deo signal s of hapgles Var’é&’éﬁ‘?aliq r\'—ﬁ'&?? &ﬁﬁiﬁﬂ'ﬂﬁ%ﬁ§ and PRYAMALA%Hted in
space- di viei a8, td himplementc addrvrige? feadurée suthuas Chhdivihfal

T orat| ol covide. " ThO hall Vdfons PGS i St slon SBRA 1tAYY and

integration . funcliions nal . SW tchin

matrices 816 canthe BAgignBeREdcontrolierh83facks dP?FEl m@&e&iaﬁ
bet ween t he aUdl_@oﬂj\ihction wilthe ehei gedbsrk while theéOE@4t 23 Sdont rol -

PCT/US95/ 13016 ler 828 is best controlled by the use1:756 and (ii) the
assignment controller 826 may need to first allocate
15 resources and control channel handles to activrties

- 'spawned W:Lthin the feature controller 828.

'_ The internal signal switching ‘matrices 816,

and optionally, the external-input sw:Ltching matrix 814,

and the external-output sw:.tching matrix 820, may be

2'0' _ partitioned into separately controlled audio and video
' layers in order to separately process audio and video
_signals When the audio and video signals of the

B external inputs and outputs are space-div:.sion modulat -

ed, the external input switching matrix 814 and the

25 'external-output switching matrix 820 ‘are preferably
| 1ayered. - When the audio and video signals of the
external 1nputs and outputs are not presented in space-
diVision, the input cells 812 and the output cells 818

may be requ:.red to further prov:.de space- lelBlOn

30 separation a.nd integration functions so that in-
ternal-signal switching matrices 816 can be implemented

with space- division separation between the audio and

v:..deo signals



To'perf'or m a vi deo cl ose-up_sel ection, appro- priate audi o sources
are selected by the external -input switch 814 and presented to one of
the input cells 812 alfocated for audio | ayer processing (herein

referred to an add®o |ayer input cell). If the augl i deo
signal s areggagﬁl vi si on nodul ated, then the audio %%?ﬁ?%f)ut
cell may only conprise a signal buffer anplifier. CQutputs of
appropri ate -audi o | ayer input cells are selected by the

i nternal -signal switch 816 and 10 presented to one of the output cells

818 allocated to provi de. Such audi o m xing functions may include
"m nus-one" audio m xing as described in U. 98éPat ent Appl i cation

Serial No. 08/131, 523. A h | i Vi ayer
are then in 15 a single i %%Lﬁeffoorrr'rnaﬁ v%é#’n%%%ﬁ% %ﬁérgfﬁ:g?fgéngggﬁé

Sel ect a video cl opxiageuandip spnuses are seleskpd by the exkeznah-inpws 822
to connect an exteghdkchi 22 &AA'FPedénted to ldhe JEPLBRI HapAtesbEIlsagi2

output. Here, the_stralghk- .t h | i ef yeen
Che ox: 20 ter naPItREAEed sz pugih LEVEL prcPeRstag, E*%afvﬁ T
Thi s trunki ng Sarr afg§esBnpudipslayen mpuniaedd)condifesheyaudio apd video
conparison to nergigignals @xec'silcd-divisivht wddGidted, thend dH¥ audio

ext ernal - out put swihtch 820 jnto [ e i.jC . [ s

consi der abl ypl ar ge Gt cﬁ?é%su??}ﬁg&g% Vxlfl}r og?"ﬁ%zr'ﬁ/sel né?fﬁc%r{eaﬁ?%uﬁﬁeeg
cross-points |inki agpthfier. Qutputmalofi mrpreRNiatehausiceriayen uinpes .
T][]ef use of ,SE:téathhéré !Ha&!%fﬁi W%@Zn@#kﬁ%-ﬁ?@éﬁ siftichl fS]{ﬂB aaii& |

of fewer cross-points 0 Wi clLpose-up" re raffi oa
rather than 3‘?’r !Oct P§eﬁfgﬁ°$ﬂhggnﬁ’r’rﬁef’fokﬁgowgp‘i"hpggif%nﬁl%u?b%??te T2

t hat be appropri at provadeol | eSuch auditsi qixdng vbunetibgiscmayn, include

voi ce-activated swWwinghihBUoRé" audiomhiitihgCheSAedRriBRAPE MPlELMEBiELnEISI NG

Lhese Lrunks & Aoalil0cloPBeltar® Wl befEhl sz, ,, VO 9621986

The case of video nosaicing of output cells is
If the signals in the video layer are then in

15 a single input format, an indjvidual participant can
select a video close-up using appropriate straight-
through l1inks 822 to connect an external video source to
the appropriate external output. Here, the straight-
" through 1links 822 act as trunks between the ex-

20 ternal-input switch 814 and external-output switch 820.
This trunkiifxg arrangement cuts down on switch complexity
in comparison to merging the external-input switch 814
and the external-output switch 820 into a single switch,
which requires a considerably larger switch resulting

25 from many; iixefficq’.ently used cross-points linking the
external inputs and the external outputs. The use of
straight-through links 822 allows a more efficient use
of fewer cross-points, growing with "close-up" request
traffic load rather than stric_tly with the number of

30 inputs and outputs. Note that be appropriate controller
design and vé_ié,ge detection, voice-activated switching of
a full close-up can be implemented using these trunks
but no input or output cell.



described. In one enbodi nent, the output cells 818 per f orm vi deo

cwwu;m__wun_____
exanpl e of a fixed conpositing 5 configuration is an N-by-N nosaic of
full -notion. video i mges, each image at 1/ N pixel /unit-1ength
resolutlo?m “where Nis a fixed value (such as N=2pcriReuipai c area
assigned to an |nage Is determ ned by the connections made wi thin

the internal -signal switch 816, including 10 any voi ce-detection

sel ection of which participants to di splay (such as the | ast N that
spoke). Consequently, the output cells 818 in such an

| nplenmentati on do not .‘require any Rgraneters be passed fromthe
control|er 824. In another enbodi the output cells 818 all ow

S oL amore than o & i %%%écifs?’éé“‘ Bfialdinglo butBytTeells 1o 4)).

u
cel |'s 818. - described. ‘era 'F’B%‘? 1ReRE %’?lg"BFP%I FFEIIE aq}cﬂu
streans is |ess peusfomwtideovcdapostnﬁp@baseg up@orieéixeGOcomnpm:Irgg for a
| ar ge conference 9{1 %B_agt 1b°gt Jpant g, 'éxdmile of aecgg_ggacaéo,{,ébgm

nts

audi o of -al | partlc_ onl di s h deo of N th N <
M of the plrti cFPRF gura ion is a¥1 N"bY'NTﬁ‘Ss 09% g‘éﬁcr‘?‘ife‘t? nent s
allow a Poagés) parh timagel antk/y madeé.dhndtebepgthtmaohxt:based 25
upon an output Cgllye 3y 4lg anﬁwe ed Va1l (khBR0as WD The modftd Hide the’
output cell. For exarrpl e particj - 5}: citﬁ]d |n|t|a,l be
provided with a estaReditRoAn image nb%a‘ii%tiﬁ'ﬁd{)ﬁg . If
gnfe]cor nor e mad@aﬁitlﬁirpaﬂhe :.nﬂemgjl-xaryzmlnfmimmae a1egn :mn:ilming a 30
i fferent oi ce d i

£8°" Sl ve Al lﬁte‘?:fti‘éh] PQl&BHR@ﬁ bk r%i&?;k]artici'p

partici pants

An output cell cateBka) (such éﬂ the lasy Jf t@é&hsﬁﬁkﬂm fZnse

aIIocated

- conference, a|th@lh@hoﬁﬁbﬁt cells 81\@ 06/ AidBean implementation do not

PCT/ US95/ 13016 8 e
. excessive in prac??%ire eVeh Paramet?rs be Ea“ed frgg‘n%tg?en%og o ging. By

sharing out put c@4s dJdt @AStheE embﬁlm?’!ﬁ'althGeRHﬁH“Fo?eE%tq’rﬂ:tal
di fferent ggnposiéLsmoreehan a single choice of N (say {2, 3} or {2, 3,

4}). 1In this case, the controller 824 passes a value of
N to the output cells 818,

. " In practice, the mixing of mult:.ple audio -
. streams is less costly than v:.deo co:npositing Conse-
20 _ quent:ly, for a large conference of M participants, it is
economical to mix the audio of all partic:.pants but only
display the video of N {(with N < M) of the participants

The above-described embodimentl ‘allow a
participant to privately select a composite view based
25 upon an output cell, a close-up, or any video source
- ‘routed to the output cell. For example, all partici-
. _ pants could :Lnitially be provided w:.th a common video
: mosaic produced by one output cell If one or more
o partic:.pants in a given conference then request a
30 | different choice (or layout) of v:.deo compos:.ting than
| 'other part:.cipants.. additional output cells can be v
dynamically allocated. An output cell can be allocated
for each participant in the conference, although this .



total number of out put cells 816 and the conplexity of 5 t he

i nternal -signal switches 816 can be significCantly " reduced.
The above-descri bed enbodi nents support both centralized and
decentral iz rence br.idging functioms. Since he

. out put cellgggféggéfforns 10 vi deo conpositing, paranetg$ﬁ§§58&"£

L conpositing nmay be performed with selected portions of the signal
froma given one of the input cells 812. The resulting crop-
ping capability, governed by paraneters passed to the out put cell by
the controller 824, gives both a com 15 gositing and a cut-and-paste
capability in a single out put cell (as’Pequired for a distributed

conference bri dge, uni . . Al t er native enhodi.nent

whi ch support nul t |l4|c')%g bé é’2"eexs't"é1‘rvﬁal 4, fﬁgl"tflgffrat?' : u%ﬂrasc%aa'd:zeds
switched 20  Et herernfenengerbuidgingd Byl ehpring evteut: fallamexeashsbe
may be utilized. ditiad dedngii £ V@IS ORI QidFeYent comPosites, the

externally to the [ r CEi.gur. 4 M ipa thin the i.nput
cells 812 and the grirﬁq#u]_t %E‘E“F’Fg g%thgpug %5}&%%{3 a"‘f'f%/vgf}}ﬁ °cq"3’g‘§-’ﬂ‘§ of
sel ections). %f athf |interrml-signal ewitghefvdifecan degmignificantlys .
conpatible wth rediized.Ngl e fabric, e.g., the fabric used for the ex-

ternal -i nput switch 814 and external -output switch 820, - t hen t he
signal conversions may be perforned within the i nput cells 472 and

output cells 474. This is ad¥hat aboge-desgeihed &mbodimenys supporti both of
nul tiple conpressqéntralizedd adld Sidi@nthk@178bd. conferenc¥O $2/i4L98§

i gure 26 15 o bl olURREIGPEM FiBse 43 0% the outeit Galka 838 pepEoays
server capabli0 of heii#io ngompesidiing, paravetexizedwicbwpeditingsmayxebe and

DSO-based sources. performedhwiBAakedesPel CES PO CEE 2PRE 0P GhaT2EFoh Na?

format given one of the input cells 812. The resulting crop-

ping capability, governed by “parameters passed to the

output cell by the controller 824, gives both a com-

15 positing and a cut-and-paste capability in a single

output cell (as required for a distributed conference

bridge unit). '

Alternative embodiments which support multiple

external sighal formats (such as analocg, switched

20 Ethernet, and H.360) and multiple compositing approaches

may be utilized. Here, signal conversions are done

either externally to the architecture of Figure 24, or

within the input cells 812 and the output cells 818

(particularly for close-ups se'igction) . If.a collec-

25 tion of inhomogeneous signal _fdrmats is compatible with

a single fabric, e.g., the Zfabric used for the ex-

ternal-input switch 814 and 'ei:témal-output switch 820,

then the signal conversions ma"Y 'pé performed within the

input cells 472 and ocutput cells 474. This is advanta-

30 geous for many collections ' of ‘multiple compressed
digital signal formats. o



5 such as NTSC, PAL, and/or SECAM wi th sone associ ated anal og

o format, L tched LAN sources _produce signals having a
format such as JPEG MPEG and/or swi tched Ethernet with sone
associ ated sw t ched- Et her - " net-based audio format; ATM video and
audi o may handl ed in this manner. The DS rces
pr oduce v?‘L&?‘ugggnal s having a format such as H 320 and/or varlsc'i)‘gésJ
vi deo/ audi o conpression algorithns as carried by | SDN and Fracti onal
T-carrier- The anal og signals are applied to an ex- 15
ternal -input swtch 840, the sw tched-LAN signals are applied to an
external -i nput swtch 842, and the DSO based signals are applied to
an external -input switch 844. EacH 78 the external -i nput sw tches

840, 842, 844 are f 20
appl i ed thereto ' mf&ﬁ% t2%ngie X é%%’#adfaé%%ﬁ %E, %i‘gﬁgﬁg@ c%upl ed
te a pl ur aFPRfesencepbridee| S GRRPIM Phphandliage jaralog

the anal og si gnakoheees} awﬂtane@umt sttteéed afd 0PSO Jbased solibéés.

i nternal |l y-conve rl t ext erna
switch 842 |§s co‘gbggé"%% EP’?‘?PSA?: é‘*%#u& Sjnald% ff?g% b ion h@{:ﬁ
i nput mat.ch8d t osuab 8 NISC, ’ d/msr SREM W oS dagse
mat ched to the oagadég audio rﬁﬁnamter'mﬂ lswi¢eR¥ANLAN! s64PEE8 N PEoduddie

external -in- = h_844 | uple al i f cells
30 852 havi ng ?;iﬂg#%%uyaﬁf'ghead F% g?‘ba?ed%#%halﬁco ‘V fat and
an out put nat chewitched Brhexpetirich rﬂome— associahed| gwitehedikther-

;tc_la_/nagrgglsl etyﬁ&fti i format; 'ATM video and audio may also be
[t ernal - sifnal BAPALeR P % Aapner, ke DSo-based pources prndvcs o

i nput cel |l s 846, sigalanbagbagta format suchcesd B3O @#nd/gnt wariqus of

out put cells 862vi§é8&udlo corpies¥i®n0a 198 thitk ©hBaldayy3 @RV &y ertipN
- standards. The $ t put ]{:gj | S 8g2 contain a plurality of anal og out put
h

-cells 864, a pl u?¥X Y’EF%"T:L% TEFXEARF out put cells 866,

The analog 31gna1- are applied to an ex-

15 - ternal 1nput switch 840, the switched-LaN signals are

applied to an external-input switch 842,_and the DSO-

based signals are applied to an external- iriput switch

844. Each of the external-input switches 840, 842, 844

_ - are matched to the specific format of the signals
. 20 applied thereto.

'I‘he external -input switch 840 :.s coupled to a
plural:l.ty of :anut cells 846 having an J.nput matched to
the analog e:.gnal format and an output matched to one or

- more :lnternally-convenient standards. Similarly, the

25 external-input switch 842 is coupled to a plurality of

input cells 850 having an input matched to the switch-

ed-LAN s:.gnal format and an output matched to the one or

more J.nternally— convem.ent standards. The external-in-

put switch 844 is coupled to a plurality of input cells

30 852 having an input matched to the DS0-based signal

format and an output matched to the one or more inter-
nally-convenient standards. '



and a plurality of DSO based output cells 870. As i1 lustrated,
each of the internal-signal sw t¢ching ~ matrices 854, 856, and 860 is
dedi cated to a correspond-...10 i ng one of the groups of output cells
864, 866, and 870. Alternatlvely, each of the internal- nal
switching WO | ces 854, 856, and 860 coul d be’dedi cat"éa' Lo1é
correspondi ng one of the groups of input cells 846, 850, and 852,
wherein the output cells 862 are connected to 15 each of the
i nternal -signal switching matrices 854, 856, and 860.
The anal og output cells 864 are coupled to an ext ernal -out put switch
872 to provide anal og signals to a pl-&%a ity of anal og sinks
connected thereto. Simlar- , the_sw tched-LAN output cells 866 are
coupl ed to an ext er nal Qﬁﬁﬁﬂﬁl?ﬁﬁﬂﬂéﬂ 9W3tF@16909PH€1 G t 89bd- 8260
Signals to a plurakntly 860 wnnekedthaN inpuks cedlse®@ds] 850, drierasd.to
Further, the DSO b p, e a

PRffoRa #%e%?%fv?%%tﬁl%g of SERPALTCaNBa 862 uptng |

ext er nal - out put swi tC st gna
of DSO based si nksthe one;gx,marej intexpadly-convenient standaqﬂﬁ g’@ﬂ%h an

enbodi nent, amsy coohtpati celdé 862 contaimtabpRusality 6braﬁasoge¢wqﬁnby
cells in the archi cells ged e%giﬁﬁsmf%égwmgs m%ﬁ%' ebedk

cost-effective 30 he | nput cel
of each signal for ﬂﬁfl é‘reph‘t‘?ﬂ’ztéﬂ aﬁl PE0%kp FE eutput,Fells 87:%1 I s %ed
remai n non-al | ocat elilubtramved, | eachpavfi cthe inteximli-sdignalat seigrieing

Lg;?ﬁggg?%ggiglng RafLILEL WYL 856, and 83@01%6623f@§§ﬁ§ to a correspond-

The nunber ofCcel | dngcone Afefheogtawpes Qigeutput cells fafat 868nm #0d Gitken
fromestimted trapltérn@eineBenédach of then ih&mmﬁﬁﬂr SesEdh iy

carlier. [To.PartihOMLOD oee, eife. Ryl BBY! ol sGOMAEAI A0S, 2HBNG (he

dedi cat ed 5 erna I'hg nmatri
al so be determi nedcgy‘rwmrfchenma wﬁgthe reupg| 96vmgzt cells 846, 850,

and 852, wherein the output cells 862 are connected to
15 each of the internal-signal switching matrices 854, 856,
and 860.

The analog output cells 864 are coupled to an

external -output switch 872 to prov1de analog signals to

a plurality of analog sinks connected thereto. Similar-

20 ly, the switched-LAN output ceils 866 are coupled to an

external-output switch 874 to provide switched-LAN

signals to a plurality of switched-LAN sinks connected

thereto. Further, the DS0-based output cells 864 are

coupled to an external -output switch 876 to provide

25 DS0-based s.lgnals to a plurality of DSO-based sinks
connected thereto.

Using such an embodiment, any combination of
acceptable signal formats sg:yéd by cells in the archi-
tecture can be supported in an efficient, cost-effective

30 manner. Further, the input cells and the output cells
of each signal format are utilized quite efficiently; no
cells need remain non-alloca_t;éd if there is a partici-
pant of that signal format requesting a conference.



mutual |y exclusive traffic possibilities are conmon in practice: (i)

ng_known or._suspected correlatigns in the request _patterns. or (i)
known or suspected correla- 10 ‘tions in the request patterns. I n case
(ii), sone ‘ fraction of the conferences may use the sane signal
format, ogddhidas" conbinations of two or nore signal PCT/USOEI30RI S are
known or suspected to be popular. The cited correlations are

val uable in accurately sizing the cell 15 requi renments since
batch-arrival effects can signifi- cantly increase bl ocking
probabilities. andOM/sharing may be incorporated in
enbodi - ments of ‘the present inventi The utilization of

static and dynam c directory services wi TR suff|C|ent 20 dat a

net wor ki ng capacity and peﬂ{é)rm%rfo?cl g?gt aéﬂiQQted to e ago%{%;ﬁlon of

wi ndow shari ng.. efera X net royi
directory format can bs gherrp &om shb 'B%"Fﬁi 1§0¥ Qi Eemenhs oy
dynami ¢ direct or ynsthei same aannezt desciiloed cearleeml theZﬁart.’m:yothg

enpl oyed. The dy¥nafi& q_hggg_t Oé%]hfe %@Pt%ﬁs amno: aEﬁQ' CaQ41 ST | Ng

| ecati ons of active users Dased n re rati on _nade avail abl e
thereto.. Furt hapternal-signal pWikeking r“@d:trd-rcfsség‘h &R6 .4 ARd 869 a0 of
capturing abgo sbet deteifmined i byeniraffée. modebing at UEherefioLibowi ca-

30 ti f
lve o ar eﬁusawan d%.’drs‘l% ”‘Etrfa?igoggbﬂﬂbifié’fé‘é "dfE common Qi(ed

automati.c call formtion,
exanpl e. The staPF%c'éH-‘F%ctbh'ynQeHP\?%@r S“SP%GCSBﬁPlaB?'m&%p’c’hrqle t he
capabilities of ﬂeq@é#t patterns; M@96(211)98nown ox suspected correla-

PCT/ US95/ 13Q16 8 on or
ot her roomi asedt-'jécc’]las r]r'\gntthe detﬁ%rﬁ cﬂ?ttems In ‘rga?)erefereﬁc?gﬂé

supported by thefreetasn. of the conferences Wef‘b?%bF?e ERme
directory Server goididt, or ceﬁ@éﬁblébn&fixfaa:ﬁbﬁsaw TWC By eitireDrsijagaAt i on of

dat a formats are known or suspected to be popular The cited
correlations are valuable in accurately sizing the cell
15 requirements ‘since batch-arrival effects can signifi-

cantly increase blocking probabilities.

Window sharing may be incorporated in embodi-

' ments of the present invention The utilization of

static and dynamic directory serVices with sufficient

20 data networking capacity and performance facilitates the
incorporation of window sharing.

Preferably, the network provides directory
sexrvices to video call and conference software. Either
dynamic directory services or static directory services

25 may be employed. The dynamic directory services are
capable of capturing locations of active users based on
log-in registration made available thereto. Further,
the dynamic directory services are capable of capturing

. ' the status of a current user The status may be indica-
30 tive of a user workstation not responding, a user-in-
voked automatic call refusal, and/or ‘call-forwarding
information, for example. The static directory services

are capable of capturing the capabilities of a work-



5 changes anong the various directory servers. Further, recovery
nmeans for unexpected.inconsistencies in static directories, and
means for perform ng an active backup in case of isol ated netmork
conputlng or transmssion - | failures are preferably incl

By includi MPoR198ct ory <é&rvices, w ndow sharing “'3;"%

working directly wth video call and conference user |nterfaces As
a result, w ndow sharing may be easily invoked one or nore tines

wi thin the duration of a video call or conference with mniml 15
user ef fort. Typically this invol ves default shared W ndows

provi ded to every participant in the confer®2ece. Furt her, w ndow
sharing may al so be |nvoked i ndependent of the presence or absence of
a video call or cofff@fion or ofher rooppbased equipmenty RJ BRTFLFUAL g

wi ndow shari ng sesabep pteferencesamu@@drteanbpftheInﬁﬁub:&art|C|pant S

performed by a sequence of data connunications transacti ons, such’ as
that illustrated by the flow chart in F|ggre 27. i ndi cat ed by
bl ock 900, nessage passing tFzefexad edﬂEleclﬁarF§FﬁEU GRYVETS RER C

directory servicescapadbé eofi rlfapid and\hebheﬁrﬁeﬁteqpeﬁbﬁdaﬁ%ﬁl Qfpadéta S

| ogged on, whet her r | S ' h
machi ne gaddressn??le par‘?‘? éﬂ%rﬁ}é s fﬁ%%%&? ?g‘g ed’ ba%if
902, message passi HECPYRFRY Jeaansh$ox vpexpested dinconsdsfengies S’ér%‘?—*‘\‘:"e’sc are
perfornmed to detergipectoigmpadiid indafits For perfothfn@aaﬁlswm Badlghi ne.

As indicated by bIggéfggf2T58ésolngsaaggt8as |ggm£&t 51 LOPs AL, perfc or med

with each
PCT/ US95/ 13016 failures are preferably included. -g3-

participant's machine for such purposes as notification
accept/ref Usgy and priority é)}j gfué.or mat I |.abl e

ing rec ory serv;ces, window

sharing is capable of working d;rectly with video call

and conference user interfaces. As a result, window
sharing may be easily invoked one or more times within

the duration of a video call or conference with minimal

15 user effort., Typically this involves default shared
windows provided to every participant in the conference.
Further, window sharing méy also be invoked independent

of the presence ot absence of a video call or confer-

ence.

‘ 20 The invocation of a window sharing session or
an addition of a later participant is performed by a
sequence of data communiéatiohﬁ transactions, such as
that illustxated by the flow chart in Figure 27. BAs
indicated by block 900, message gasszng transactions are

25 performed with dynamic dzrectory services to determine
whether a regquested partic1pant is logged on, whether
the participant is accepting shares, and which machine
address the participant is using. BAs indicated by block
902, message passing transactions with static directory

N 30 services are perfofmgd to determine the capabilities of
the participant’s machine. As indicated by block 904,
message pags;gg transactipns'are performed with each



Upon performng the steps in blocks 900, 902, and 904, any sequ'ence'
of the follow ng steps may be_ 5 perforned Bl ock 906 indicates a step

of performng a file transfer of w ndow snapshot pix-map files.
- Bl ock 908 indicates a step of message passing of control
informatl% lﬂ‘gck 910 indicates a step of nessage PCTRIRS&1301s Of
near - r eal ?%2 notation and telepointing 10 graphics events. Figure
27 shows one exanpl e ordering of events; in general the event
sequence i s determ ned by specific participant use.
Except for the step in block 906, the required dat a net wor ki ng
anounts to fast nessage passing of short é bursty nessages. Because of
t he nunber of activities in st eps 9 and 904 and the

real-time 1 esponggmci?ante%%%%e' Bors atfer Jﬂa nbhficﬁ@%ﬁ abl e

for the e nessage.passin K
requi renents, hO\RSG’SPX /eefusggand PIRRTitYef a’ﬂag%tfé’ﬁmaﬁé a"@ﬁ?@%ﬁm res

low | atency as well as high bandw dth because inage files are | arge

and in many cases nust be r | "
?%Qf’é pseter;ar a?’ é Eﬂ %f%}}hblocks 900, 902

may be advant ageous t.o inc e nessa ‘%sm hg data
traffic and | nag@ndi [994,2any (sequenge {ohf the (#ﬁtl&%’éﬁﬁr BLEPFMRY (B®isport

:c nfra- 5 stpsefafﬂéd eaEibélt neoe Unelicateg wesopbi o8l peefbm:mgloe
or the type of f e t on
session's image %?‘g%s rom %iﬁbw smﬁh% éﬂ ﬁa? gjéég?bne%f Ie

transfer in dataSfBt m%e%@ 5§9Rt é?ﬁs ppesagy | pasgingsiafr sc%'l"F?}
out nessage  inpafmation. Thip oakc ho10e cindbdatagr aastepaofppess=gs | i ty

gg?%sgg?aggll 6 gsg Rg o?n%eg.%t kQQi" tﬂ'ﬁe V‘Qﬁﬁo@iéi&?sand telepom%%lz g286

may be advat agesngphiﬁ%xﬁwﬁb-aclé’wrﬁt 27cghows one exgmplerordering: .
si tes with prem steﬂént\@f kﬁn general the event: sequence J.s determined

by spec:.fic part:l.cipant use.

| _ Except for the step in block 906, the required

data networking amounts to fast message passing of short

15 bursty messages Because of the number of activities in
steps 900, 902, and 904 and the real-time responses
expected J.n step 908 and 910. it is desirable for the
latency for the message pasling ‘to be low. Bandwidth
requirements, however, are modest. 1In contrast, step

20 906 requires low latency as well as high bandwidth
because :.mage f:.les are large and in many cases must be

' transferred losslessly '

It may be advantageous to include gseparation

of the message passing data traffic and image file

25 transfer traffic onto separate data transport infra-
| structures, each fine-tuned to g:.ve optimal performance
for the type of traffic being carried ' This prevents

one share sess:.on 8 image t:ransfer from holding up
another session s file transfer in data networking

30  systems where file transfers ‘can’ crowd out message
passing This architectural approach has applicability
among central, regional, and national network offices,



In rrulti'-pl atformsituations, it may al so be advant ageous to provide

shared, network-based inmage 5 - format translation pipeline servers to
reduce |l atency in i mage transfer nodes of w ndow sharing sessi ons

I'n practice _considerable |atency occurs on-user nmac

share sessi oY@ Wﬁg i mage file conversions from tne pbg@mny nat [ ve
i.mage formats to a sel ected exchange 10 format. For exanple, the
native images may include a m x of PC W ndows, Macintosh, UN X, and
0S/ 2. This can be particularly problematic when | ess powerful

machi nes are used. A high-power inmage file conversion pipeline

server may be enpl oyed as a shared network r&%ource to perform i mage

15
file conversions fro ive fo ect.ed exchange format.
By providing i mage %8 n%v%i o may be’ §§8ﬁ§f’a%%‘?‘f% %W&Fﬁaﬁﬁﬁféc | least’
delivered to users apmé of the usegepibes| wikhEremireshnesyorks.

Enbodi ments of the present invention further 20 may i nclude application
shari ng As with wi ndow shar_ bot h st atj c_and, dynam

directory services, and In o Pé'ﬁgfa S4B NSy 1 Ry taﬁ'%d’e
per f ormance are advantageousi tor pippiideat abarschar imegwork-hased image

mul ti-platform format ‘@a&ﬁ'iﬁtmhtp{@iﬁiéQe?@eﬁ&"@i‘&%&%@ﬂsﬁﬁ’exﬁ)&f‘&rﬁe
25 shared, netwprk-based teq% trag ervers
to reduce |latency iH"2$pl FESRP pﬁ‘? tﬁ’%n"’:L ﬁﬁ?‘?ﬂg%@%?ﬁ% In

Cl asses of appli catpomctice. rcg;nﬂmm&lenlatency occlers oin | weer asAchyines

conpl exi ty, incl Ude:.n (dHad¥ Qﬂgﬁﬁéﬁs li’éhng anagésﬂ@ coﬁ%ﬁ?ﬂ&oﬂbaﬂ-&ﬁ Bne 1)
broadcast of displa nmul,ti ple até or ns;. él 1i)  full %ppl | cation
sharing, \,é/f oBABYodtive image ozmats o a’ selected exchange

PCT/ US95/ 1301866 format. For example, the native -idfages may inzdmdena
platform —and (i Vjix d# lpAMAnacdk!, Madi¥ddl] UNIX, an8U6s)P! € Ald f™.
be particularly problematic when less powerful machines
are used. A high-power imagé_ file conversion pipeline
. server may be employed as a si_iared network resource to
15 perform image file conversions '_from native formats to a
selected exchange format. B;} providing image conver-
sions, better performance can be delivered to users with
older or low-power machines.

Embodiments of the present invention further

20 may include application shar:.ng As with window shar-

ing, both static and dynamic directory services, and

sufficient data networking capacity and performance are

required for application 'shé,rin'g. In multi-platform

situations, it wmay also be ‘advantageous to provide

25 shared, network-based high-powered image translation

servers to reduce latency in applicable application
sharing sessions. ) :"

Classes of appl:.cation sharing, listed in

crder of increasing complex:ty, include: (i} broadcast

. 30 of display, common platform; (1.1) broadcast of display,

multiple platforms; (iii) full application sharing,



Enbodi nents of the present invention are particularly
- Suj s (i) and (ji) L0 o a _broadcast.af _di snlav.

one col | aboration participant . runs an application, but the displayed
w ndows or other machi ne output is effectively multi-cast to all

ot her wo'%,Eml ci pants. None of the other participanpgrubsasonme: .

can operate the application. 1In the case of a single 10 conmon
platform this can be acconplished by nulti-cast- i ng wi ndow events,
or a periodic or refresh-event driven wi ndow i mage capture. | f
multiple platforns are in- vol ved, additional steps of w ndow event
transl ation, I mge format translati gn or other-corresponding trans- °
15 lation, respecti veI y, are performaél8 In these cases it may be
advant ageous to pg iaE%&“@fka%seﬂnb)' 92uR9WapplicatiBh %t?a{c]:sixg%' on
server, S|mlar tot e |mae A AnsTR o Sdéscr i

There are sevePat QF'“sand robust 20 experinmental full
application sharing systems whi ch address class (iii). Gven

adequate interfacing V"'thEmbog:.mehPS défecgl.ggygg% %‘Ees"%gf% 2 dat a

networking . capacity an Qr mance be rea apt ed
for use in enbod® @W%ﬁ@%ﬂé?@ﬁFegng%t?Wsesz and In may
be advant agsous iObrosdem cofsdiéplly, one cappd\haﬁum ﬁ]ﬂﬁld‘i@aﬂﬁi a

networ k-based s A oot catoh! 205 U BuBLARyLA G SEONE o AT 11

concept to the . OF M I-be € reasons
for this incl udé“aQWé‘%(ﬂ\!Mte inRffnatiyvely: splsdicant o ald other
per - wor kst at i on et Seigait sUS eNone ¢S tiid @therdparticipantd, Imowesiersr woul d

not be | oaded do % %ﬁﬁé %ﬁe@%"%ﬂ?ﬁgc'ﬂl t:fhgr cglsge b Isq_\gglepomer

machi nes; suppor
PCT/ U895/ 13916 common platform, this can be accomplishgg by multi-caskrf or ns

~ need not be lnC|ik€§?d:ilnﬂlofnUé%ﬁts\Prdi:ShapeﬁI6dﬁ or refreélhl@vei:ﬁf @fivenand it
~T's immune to vol a'trlxdov} ylma]get Jn(?apt:ure. If multiple platforms are in-
' volved additional steps of window-event translation,
lmage format translation, or other corresponding trans-
15 lation, respectlvely, are performed In these cases it
' may be advantageous to provide a network based high-pow-
er translation server, slmllar to the image format

translator described above.

There are several commerc:Lal and robust
20 exper:.mental full appl:.cat:.on shar:.ng systems which
address class (:.:L:L) Given adequate interfacing with
the directory services and adequate data networking
capacity and performance, these may be readily adapted

) for use in embodiments of the present 1nventz.on.

25 It msy be advantageous to'provide class (iv)
application sharing via a network-based high-power

. - translation pipe- 11ne server, similar in concept to the
image format translator descrlbed above. The reasons

for this include- the software need not be provided on

30 a per—workstation basis, the user workstat:l.on and/or

| file server would not be loaded’ down, whzch is benefi-

cial for older or lower-power machines; support for the



coll ection of supported platforns. Because of the large
user base and relatively 5 smal | nunber of servers required (conpared
to one at every workst-ation, or one or nore ;at. every user prem

i se), high-performance support of nore platforns ¢an be easi |y cost
justified. Fﬁ{ﬂ rrpall"because of the public net wor k asp ?ﬁmx“
enbodi ments of the present invention, 10 there is considerable notivation
for platform providers '8»*to coordi nate their ‘desi gn changes and ot her
updat es Wi th operators of the present invention.

The directory services concerns for applica- tion sharing track those
for w ndow shari ng. Ful | 15 application-8Raring in classes (iii) and

(iv) may requifye addiiional support both.wthin the statjic, _,

directory services %%ﬁtﬁ?’tqﬁ Hegﬁ %‘3%3‘?%11?‘82“@1*%’5& M5 "°rﬁs{’)?tﬁ%’\‘ﬁ or
appl i cati on shari ngf&b# t eareergheandt dtndswoitmune to wndatdhityndnf dthe
appl i cation shari nge¢gElddt idH0 >E gg?pagtedvﬁxugggfﬁm@ring, al t hough events

such as wi ndow refresh may al so create file transfers while display
updat es may only involve small message-passing transactions
Anot-her feature.which can-beBesshgeedf the large wspuvdbasetandirdalas ivedyent

invention is ngltingghel 2Bumber OBf CEEPGEFE FEGRLFI (cofpsRdd CEaangd at
i mpl enent ati on for nmulti gdl a conference recordi n% In a private-net-

wor k- based system SYWRFQMEKEFRFIOR, U0, ORSCXc JOTSn 3t every, user gyem-
08/ 131,523, may be ismor fhdght-pdrforvante supportcefit mare platfowms cand be
national offices. AsadilnPddt §38riffull | MPEFEREPAN I &lfde 'S ¥l s
provi ded as a net - }Bwork- Base% S%Lvi ce. L WO 96/ 21986~ ©
PCT/ US95/ 13016 network aspects of embodiments of thg present invention,
Addi tionally,10t i shatenisagonasdexable Imptivation for platform providers

to coordinate their design changes and other updates

with operators of the present invention.

The directory services concerns for applica-
tion sharing track those for window sharing. Full
is application sharing in classes (iii) and (iv} may
require additional support both within the static
directory services and within an adaptation of existing
or new application sharing software. The data network-
ing concerns for application ':sharing match those for
20 window sharing, although events such as window refresh
may also create file transfers while display updates may

only involve small message-passing transactions.

Another feature which can be included in

embodiments of the present invention is multimedia

25 conferencing tecording. A sexrver-based implementation

for multimedia conference recording in a private-net-

work-based system, as described in U.S. Application

Serial No. 03{131,523., may be incorporated into the

central, regional, and national offices. As a result,

30 multimedia conference recording is provided as a net-
work-based s_eririce.



storage/usage nonitoring systemsuitable for driving

mechani sns. and. a.pern ssion _system for_prjivacy.

billing
and bl ocki ng

attenpt ed usage by nonsubscribers, for 5 nmul ti medi a conferenci ng

recordi ng. These provisions are " readily provi
file syst VO vera1oss exanpl e, secure versions o
and can readily be integrated with protocols

systens and servi ces. 10 W de-area n
enpl oyed to view, at one location, a conferen
earlier at a distant |ocation. The recorded
pl ayed- back at the network office where it S recor
transferred-in real-tinme over a w de-area ﬁﬁlawork 1

ded by nost nulti-user

f theml'.%h ejihds2 SYyStem
of the |%§F{l#d€

et wor ki ng may be

ce which was recorded
conference may be

ded, : and

5 i nk u5|ng several

approaches.  In a first apmtﬁonally, it 1‘3 H@htgéé&%%
transferred di rectl | um .oy area |1 nks and
converted to an getjﬁ%ag& f'ERWWgarﬁifW“fﬁ?hﬁMeﬂ £t WA f i ce

| ocal to the userbim/ir@\nmeg:hhhesmscoanﬂngperhussionc

sydtéfl for ayivamyh, a

digital playback éeﬁﬂb§1ﬁ§“\é%ﬁ;tﬁ.%=g& Rﬂ%g By %hﬁ%ﬁc?i{:éf& Wagpe it

was recorded to-a

third

approach, a %i gi tedlt mediapFﬂ?EﬁW%’c%&ﬁFPEd%%veFPéﬂe PERVIHONR AKS k
of fice vxher:ceadihya;mmcldedeﬂy Msanmmi-og;émrﬂm csysmem‘sher F%i'

format and r econv&é@qﬁt Os@c{.@é r@é%g.%&lswbget@é ‘?ﬁfxr §g_§e s%

a fourth approach,

erred ?ﬂom a
Faﬁfer tFﬁaP’-ﬂ-&&HEr ed

storage nedi um ovkead gbe inggggateql nWdtht P&'qt&FQ

for real-tine sys_t[ﬂnﬁyh_ﬁdk_seﬁ{rﬁgléﬁck is provided at a network office
| ocal 30 to the user review ng the recording. This process can be
strictly sequential (i.e., transfer first, then.pl ay- .. back) or

_pi pelined (3N ayback. duri ngWéde- PF%Q@"%’-]’F&@G) may be emplgyes};to]yiew,

.. PCT/ US95
’""'-:Iﬁ ot her
“t.ransf er

/13016

i mpl ene
red and
e]ther

15

at one location, a conference which wad8recorded earlier

%E§§EW%QHPSPSQE§”EG%9 Hborged conretiniiim ?ﬁe Sser
.revi e¥m ng the corﬂlé‘ﬂ&‘?c acknp the netwerk officeswhere Yy was recerdgda file
“transfer

and transferred in real ~time over a wide -~area network
link using several approaches. _ In a first approach, a

\d:l.gital playback stream is transferred directly from a
_ storage medium over wide- area links, and converted to an

20

25

30

analog fomat or ‘another format at’ a ‘network office
local to the user reviewing the recording 'In a second
approach, a d:.gital playback stream is converted at the
network office where 1t was recorded to a format for
wide area transmission In a third approach, a digital
playback stream" is converted, at the network office
where it was recorded, to an analog format or another
format and reconverted to a format for wide area trans-
mission._ in a fourth approach, a digital playback
stream is 'transferred from a storage medium over wide
area links at a rate fa_ster than required for real-time
playback; playback' is provided at a network office local
to the user reviewxng the recording This process can be
strictly sequential (i e., transfer first. then play-
back) or pipelined (playback during the transfer phase) .

I'n



5 areal-time rate, a rate faster than real-tine, or a rate sl ower
than real -time. Each of the file-transfer ~ . .. rates have cases where
they are advantageous | f periods of lowreal-time traffic tend
to be relati short, a faster-than-real-tine file may be
10 advant vS'§3é§nmpart i cul ar1 y if dedicated lines‘are usedpélt,a&ylﬁﬁ\s
periods of lowreal-tine traffic tend to be relative- ly long, a
‘slower-than-real -time filesttansfer may be advant ageous,
particularly if dedicated |lines are used. If public digital swtched
.services are used for file 15 transfer, the preferred nethod may be any
of the above. For the sake of cost-efP8ztiveness, the preferred

net hod is dictated by lﬁm ﬁ%%{l%@q%‘“ef‘t‘?% ??%#blo'n%eq"eg' Ea}ecordz.ng

switched services. A faster-t

preferred should a £blee Bay cbe e‘éﬁmﬁﬁfmcandz(plém thack aatsfaern%farqrdfr
| Mmedi ate view ng | GfSLd¢EMRIcALl to the uded! r@Giewing the conferenbe. SHe

cases, file transfe I ” ' tiI
t hey becorre suff|C|ée§n?@é/g%1Rzgﬁnpg g”f%’-’"t‘”ﬁ% f‘ﬁe %kggfkég it%#ﬂe samne
priority as 28 r%areﬁlnéilﬂﬁ arate, aArﬁ§au§§FtBy thanr gegldtripeer 0ot & -
BO{ |”WEdlatebde||Vﬁ§?eQ§lékéﬁ“ﬂH¥H ﬂ@&lat!memergéen oflthe fi&%fhﬁ?ﬁhfer
elivery can be used to reduce terva ated as
stale, falds ' RYES Saden | Whers (theynuEe: HHNERSHERMENCo.
recording file to vweriodmiof downrieglntdme tmaffigntend to he |¢¢J@é'-1anely
est-abl i shed video n@drt) HUlfdstRH-RhEBLreal-timd I #33BOTErinEHed M may Vibdeo

g? : 1/ at rerulnte![ negba malév%and garglculazgfﬁl % %%% cal:EB' ffr?enst aa;[;leorfxsle% a
PCT/ US95/ 13016 If per;ods of low real-time traffic gend to be rej@tiivieased

systemis describedpy nhg; aABwa&EIﬁKHh-real timer 'f&heNQraﬁﬁlféx?lmé 3pe By

i ncorporating the servers reln n centr |,
r egl oﬁal a%d évantageous, part:.cu{)az%y 1 caLeé 11nes are use

If publ'%c dlgltal switched serv s are used for file

15 transfer, the preferred method may be any of the above.
For the sake of cost-effectiveness, the preferred method
is dictated by usage charges of the public digital
switched services. A faster-than-real-time file trans-
fer may be fs:‘referred should a conference recording need

20 to be transferred for immediate v1ew:.ng in a remote
location.

e

e« 1N some cases, file tf&ﬁéfers may be preempted
by real-time traffic until they become sufficiently
“stale” ’thét':they are handled with the same priority as

25 real-time traffic. A request by the recording creator
for immediate delivery or a request by a viewer for
immediate delivery can be used to reduce the time
interval 'dgsignated as stale.

Another option is to convert the conference

30 recording file to video mail or multimedia mail, and
. utilize an established video mail or multimedia mail
. transport system. Video mail,ymultimedia mail, and

their werver-based implementati%h in a private net-



national offices, video mail and nultinmedia mail can be 5 provi ded as a
networ k- based seryuice Additional l v, it _ds._advantageous

to include a storage/usage nonitoring systemsuitable for driving
billing nmechani sns,. and a perm ssion system for privacy and bl ocki ng
att enpt ed y nonsubscribers. These 10 provi si osriis8si iy
provi ded B{/E%g#gnul ti-user file ' systens, for exanple secﬁ?‘g
versions of the UNIX file system and can readily be integrated with
the billing systens and services protocols.

W de- area networking may be enployed to view, 15 at one | ocation, video
mail and nultinedia mail which - = was created at a distant |ocation.

The mail may be - pl ayed-back at the r?egtwork of fice where it was

recor ded, adxLhanss e dvaten 1§24 e{)d%qf’%eri& B ahSBlF ggclﬁ of a

i nk using the sane agproach as -descri remote 20
mdl ti medi a conf eferda. #8/d31i fRBeneBY incorpexating W%Ieﬁeﬁ‘ﬁ?sand

mul tinedia mai| Bebegibed hﬂ:ere:.n hneasfehéecbarutqﬂ,ayeégbanalat andet wor k
office local to 10!15? %e\(hﬁ‘éfb”ﬂaife#@ dulttlm'dagcﬁgliecéﬁ%ezed by

performngafllef:rans rea
f ast er - t hanSr eal prpwédﬁét%s Q)rnesﬂ%rbﬁﬁaﬁ PREYiGe e rate. - Each of
the file-transfer rates have cases where t hey are advantageous,

simlar to the cases as dig or f r of i a
conference recordings. f&&ﬁﬁ%qxany, I-' #‘Faﬁ‘tt g{lﬁ%ﬁ t§ %%ie‘%a vi deo
and gra- 30 prorage/uRagy oWORiFOTIng!| aygéem suitablepdorerdniving as

di scl osed in U. SpifApphd RédHamhiSmis, ahndoa Mﬂ&h;wsyscem £Becpeibead®yf the
large scal e vari gghl Bigcl?{né haettde%%ed usage w gg‘lg\]iéggribers. Tlée 3 ks

PCT/ US95/ 13016 -
i nvol ved i A0t he previsionsane F‘Gﬁdi@-ﬁepmdaéﬁ' most myltisusere filenput er

~control of real- B?HEelﬁé’enférOé’ﬁmple secure versions of the UNIX file

system, and can readily be J.ntegrated with the billing
systems and services protccols.

. . Wid_e-__are_a _ﬂetwbrking may be employed to view,
15 at one location, video mail and multithedia_ mail which
was created at a distant location. The mail may be
played- back at the network off:.ce where it was recorded,

and transferred in real-time over a wide-area network 2
link using the same approaches as described for remote \
20 playback of a multimedia conference. In other implemen--

tations, video mail and mult::.med:.a mail files may be
transferred and played back at a network office local to

the user rev:.ewing the mail. - This -can be realized by

_ performing a flle transfer either at a real-time rate,

25 a faster- than-real time rate, or slower- than-real time
rate. Each of t:he file-transfer rat:es have cases where

they are advantageous, similar to the cases as discussed
for file transfer of multimedia conference recordings.

_ Synchron:.zatlon between videb and gra-
30 ph:.cs/v:.deo for multimed:.a sexvices may be performed as
disclosed in U.S. Appl:.cat:.on Serial No. 08/131,523.
Because of the large scale var:.ab:.lxty of the data



conventional data LAN and WAN networ ki ng does not give accept abl e

results. In these case$S it nay be advanta- 5 geous~to provide an
addi ti onal data channel |n.ghe vi deo synchgoni zation intervals of
anal og video signals delivered to users fromthe nultined a
central offi¥@62D86  y UTpP. Transceivers on each side i nPEHHIEA3MA
recover the resulting real-tinme data channel. At a user term- 10
nal, the real-tinme data channel connects with the user wor kst ati on by
means of a standard serial or parallel port interface connector.
Software within the user wor kstation directs real-tinme control
signals to the serial or parallel port99nt erface connector, and noni -
15 tors it for received real-t control signals affecting

graphi cs on the scrfhloFke,iREely EhecBresY daventione, hre may be
Regar dl ess of whet aseshoderecciumpspter aontrol ofuyedl-timgbgveAts over

advant ageous wi t hi %&M‘ibhhﬂeﬂhéa LAN aﬁ&f‘ﬁxﬁ'néwazg&ggt Ei%%' opay B#Qe

of fi ces, and nati onal of fi cef 0 use a segregate et Work
carrying r eal %%aﬁé%ﬁﬁﬁg £8. g TR ulRRIF f‘iﬁﬂsec%ét\MWO\hesﬁéﬂ’ﬁﬁ&a'
functi ens. S geous to prdingie anvadditilenx) idatd ahangel dih heustdebo

facilitate a nunbersﬁfcmmmfoﬁctier&%]f\?ﬁaandoﬂuaaﬁ{au > vitiRhl! 83hnals

i ndustries. In soffe .areas, suc popu
interactive vi deo, 3844 VRFEA LQarpeys from thegmlfdmedime sentrrdnofficesyer

exi sting | oop pl ambyU'm’P Transceivewsi mes&amahael ihﬁ&ﬁdﬁc}e ra@idsedcover
technol ogy could Qgﬁfti’né g‘&:‘f '1:(\:‘1.‘?![%t da¥B28hanne B0 abgsﬁfovﬁﬁ‘gﬁ with

general, it nay be a vant ageou Services
servers not 1ftat ed®@dirt ﬁ?‘ﬁ real- thmwﬁare%haau@éﬂmnesm with thecuser

servers may be workpeatiofl by mesnbebel u wepAdaLe eei-iale:s:\/\bhbalsépect
Egl- V\f)h26¢r§| ?‘@6 131 ﬁﬁalceeco%%elcéar i‘on S%Fware &g‘m‘gnb US%/ 13016
workstat:.on directs real- time control s:Lgnals to the
serial oxr parallel port interface connector, and moni-
15 tors it for received real-time control signals affecting
graphics on the screen or other computer-controlled
events. Regardless of whether these techniques are
used, it may be advantageous within the multimedia
central offices, regiomal hub offices, and national
20 offices to use a segregated data network for carrying
real-time messages as discussed for the window sharing
functions.

The services described above can be used to
facilitate a number of valuable activities and quasi-
25 vertical industries. In som_e' areas, such as the now
very popular area of interactive video, the high quality
video delivered at low cost ové':_r existing loop plant UTP
via low investments in easi_ly_.'r'e_used technology could
have a significant impact.

30 In general, it may be advantageous for some
services to be provided with servers not located within
a mult:.media cent:ral office. Such servers may be
operated as completely separate entities with respect to



ments of the present invention nmay be utilized by a third-party,

high-qual ity _petywork-based nuliinmedia service pravidar. For such

third party cases, it may be 5 advant ageous to enploy high-quality
V|?$o cgdecs and ?reater transm ssi on bandw dth between the

mul t i medi central office and a services-providin \ peas to
give the ?gr?emhual ity as a service hosted insi dept he mm?rﬁlu??rﬁedi a
central office. 10 - There is currently consi derabl e interest
in _ home interactive television. Current proposals focus on
expensi ve installations of fiber and coax facilities to t he hone.

I n conparison, embodiments of the present I nvention provide one-way
vi deo/ audi o dellvery to many 15 hones “8Ver a convent i onal t el ephone UTP

[00p plant." A ¢ne mulddMebS! chibEORASEL AL P ByBRBACCI Thilk » driboli-

conventi on-

evi sion.set, parti Qul ar Ift ngl udes
conventional basBenkRl 9Ff dtBeam¥esstto. p L?E% Hgiffzeé YVER) .
The required harmﬂ‘da-pm:;cl atnibmquahtwomne%rkﬂhaaed depridmediaof an

enmbodi nent of -t | ra th
omer i ng ATM swi :ﬁF Hg? Fox such! Qﬂiféspa%ﬁpﬁitbgrﬁacf’fﬂa}s‘?ﬁ an

At the servPng rﬁql‘f#ﬂﬁﬁﬁef“@erﬁ? aF“‘B}‘Pchgg*‘ S“an]t'it ??dcﬁg‘F i ce
provi der “site cofrester tienamiinsicb banﬂvg.ldithl hstsdeelnam bmdmmmlaqual ity

vi deo servers, s D
systens as gg%kezéaclrl%ffdﬁns'%ﬁis I caetcdlg SEIi‘ili}alg SEEE{jlbba)&ls \‘.2%§ Orcan

be used to stor eIy Eh%ysﬁﬂﬂeﬁuﬁhlﬁ%nﬁﬂda s"I""I‘FLt"Ffe "éi? at™n of
such a system amiitimedizngentralhoffieehy 30 - can be used to stage
segrre_ntis 8f|fl I esdso that |arge nunbers of hones can vvatch t he sane
mat eri a elivered . by ‘the network nea S nequ W|th each
free to 10  start, paufhersadie PRTTERELK ‘i?y a&i
V\¢93296/ 21986 Sui hOT]e interactive television. CurrerftC‘pﬁrUﬁBEhlSOﬂcﬁcus on
“.-92- | ey F‘ng r Fi
...connects indivi. 'ﬂ%"% %%%ggg ?%aﬁgfb eo a ha & Q* flcLIit s to
he home. In comparison, e ments o? the present
invention provide one-way video/audio delivery to many
15 homes over a conventional telephone UTP loop plant. A

low-cost interface box can connect this to a convention-
al television set, particularly 1f the set includes
convent:.onal baseband video and audio inputs (such as in
a VCR). 'I‘he required hardware associated with a com-

20 plete deployment of an embodiment of the present inven-
tion costs considerably less than emerging ATM switches
and other equipment for interactive video.

At the serving multimedia central office or a
third- -party service provider site connected thereto,
25 digital disk- based broadcast quality video servers, such
as scaled-up versions of the Parallax DVSS or systems as
described in U.S. Application Serial No. 08/131,523, can
be used to store and Iplay ‘video on demand. In the .
adaptation of such a system, a f:l.le management hierarchy
30 can be used to stage segments of files so that large
numbers of homes can watch the same material delivered
by the network nearly simultaneously, with each free to
start, pause, back-up, and skip ahead at their leisure.

T



a sel ection of options to individual playback ports on t he
| arge-scal e digital vidéolaudi o storage server 5 previ ously descri bed.

Many | owcost alternatives .age available for .y,.controlling the system
The al ternatives include: a“" t ouch-tone phone; a dedicated control
box connect SYOPH21986 the network by either another UTP | P&RUS%13016
conventional 10 publ i c anal og tel ephone Iine (using a nodem, or an
‘upstream channel inplenmented on the UTP;, and a conputer connected to
t he network by any of the above neans. A standard

.consuner-el ectronics, nmulti-unit renote control coul d al so be used

to transmt commands to the dedicated 15 -98ontrol box.

In addition, the regulti hone_jnteractjv Vi deo arrangement_is
upgr adabl e to 2-maygv*ﬁ%%g§%d98r£°rmeéi?énghﬁaﬂg?tﬁgpgféléﬁ%ﬁﬁ%ﬁhﬁfflcﬁhis
creates a cross connegtts ndivddualihamese requeet ing sddiecoplayback strom .
one 20  service z0hel&tiH of Mptidslel ¥8 ih@ieYEIhPpl&Ybadie!Sorts on
comuting services c€n :gju‘ce tcgi ba(rir.l er%ff eirg ro)? far, t he ot her
service. InteracttR® mATRIEREeddvdt Vide 6&%&? pPEOFREY RPrver
enbodi ment s of 5t he prestonslydescribed. are also likely to generate

such cross notivation. 25 Enbodi nents of the present .
i nvention can support._a hqne user mirkstatjon i ncl udi
Va

ng a
convent i onal | ow cost MBBY FM5FRSY EFF“%F&F%P&ﬁEﬁIaYQ§L§Riﬁ o5
era/ m crophone uni tcontdoklsing cthe/eaystoensl cITheoradeernatives inzludet a

produced by Avi st art?\%cﬁ-ft&_ﬁe phtfle ;S aQdRikated Ocont S8 sk tﬁ’orﬁué(ftre% to
mul ti media central office 1n.C atlon iﬁég a secon

ﬁynunl- C .
mul ti medi a central ©PFiREEWRFkPY eithersapgther UTq s v r&gRnEional
successful cold- st grablic analoy\Ocebepi@dd line (using a modem), or an
PCT/ US95/ 13016 293

, upstream channel i mented on the’8TP; d C ter
tel econputing from t%e xf“loma fz‘eat ri ntipﬁg -quality \7| deo and a compute
connected to the network by any of the above means. A
standard consumer-electronics, multi-unit remote control
could algo be used to transmit commands to the dedicated

15 control box.

In addition, the resulting home interactive
video arrangement is upgradable to 2-way video/audic
(and data) for telecomputing. This creates a cross
motivation environment where needs or interest in one

20 service of either interactive television or tele-
commuting services can reduce the barrier of entry for
the other service. Interactive network-based video

games provided by embodiments of the present invention
are also likely to generate such cross motivation.

25 Embodiments of the present invention can
support a home user workstation including a conventional
1ow-cost\EC, a home TV set, and a small low-cost cam-
era/microphone unit such as a conventional camcorder or
a unit produced by ANistar.' If the user’s home is

. 30 served bf_a first multimedia central office in communi-
cation with a second multimedia central office which
serves the user’s workplacé, successful cold-start



t el econferenci ng and w ndow shari ng can begin i medi at e- ly with
little fipancial dpvestpnent and tinme i nvestnent. Vi deo
renderi ng ani mati on and/ or visualization 5 conputers may be put on the
public multinmedia network by connecting a video rendering output to
a video n@ﬁd%ﬂ&hiﬁ' i ng portion of the system and cgegﬁgﬁ*iyh‘a dat a
port on the conputer to the data networking portion o e

system Audi o fromthe conputer or an associated 10 conmput er-driven
audi o synt hesi zer can be connected to t he audi o networking portion
of the system By putting video rendering ani mati on and/ or
visual i zation conputers on the public nultimedia net- wor k, animation -

and visualization servers can be made 15 93aval | abl e for business,

educat i on, - advegyl ghifiput iy £rom chéqswfeag&ggggl%aa ali gt‘w&?such

machi nes on the 5€e S can ses | ows
i mport ant servi cE€18E° ’6%?‘?’\&9( indaw shazing can be gin impediatehe
scenes. Ganes nhy mmfliltllrnerfhmmm ﬁ.hs‘esﬁﬁent aﬁé eime Dhgesymedd ective

format for educational soft- . oware. - By suppl enenti ng
a-net wor k- based mul ti medi a dat abase (incl ud| vi deo/ audi 0) with
aut-horing and updat i e ¥erdering apipatl @Péé%{&ﬁ-‘%h?% 1izadn to 25

t hird-partysvi decompaitexs syt barputp o ttbiel pﬁbhwii\ﬁﬂ.timedia fietwo e Gy

advertising ‘inc Sy gt ed.
graphics (i ncl u%mé@{iﬁ %;uiﬁgg re‘q#g*fnp% Lfté’ust gﬁgghl g%?gdﬁl ng overl ay
annot ati ons) - caning P°r°&@f‘pP5vFB%cF3f§¥%n§§dam%§e tByP‘PFélkl‘m; such
30 servi ces dihecicompubesedo (8hei dathe rnetwiiking \@&itmm of dirges)

Lg?ﬁggg?i‘go'lg”é'ﬁéz?éh basegy4AS igdoht! A S| BhpRldr g, an R8 ffjcgegigt

_mailing), e ad‘é@@‘i‘iﬁ?@ﬁ@%@ﬂ%eﬁ@%%éex can b&nrﬂ?}'ﬂ‘?@tﬁé $&re

_users. ~the audio networking portion of the system

_ By putting video rendering animation and/or
v:.sualization computers on the public multimedia net-
work, animation and visualization servers can be made

15 available for buszness,. education, advertising, re-
~ search, and game usage. Putting such machines on the '
network where they can be used by the masses allows
important serVices to be delivered either directly or
behind the scenes Games may be of importance as they
20  offer a highly effective format for educational soft-
ware.

_ By 's.uppl__et_n'e_nting a network-based multimedia
' database (including video/audio) with authoring and
updating systems, possibly electronically 1linked to-
| 25 third-party video and/or software production houses,
) _ . _ mult:media _ advertising incorporating video, audio,
. | images, and animated graphics (including valuable
telepo:.nters and highlighting overlay annotations) can
be provided to homes and businesses. By making such

a0 services directory—based (as in the telephone Yellow ’
Pages) _rather than intrusion-based (as in television and



A net wor k- based mul ti medi a_dat abase (i ncluding vi deo/ audi 0) can be

used to provide a-video news clip- 5. pi ng service and/or a custom zed
el ectroni c newspaper . service to hones or businesses. Such a service
can be tly of fered or supported by TV broadcaStﬁéﬁﬁﬁﬁéﬁﬁ

and ot her ndv® | ces. There are many ways t hat %an be
‘automatically captured fromexisting 10 news nedi a sources. For exanpl e,
broadcast or cable tel evision and radi o news can be recei ved and
stored in net wor k- based nul ti medi a dat abases. Vi deo news provid-

1 ng conventional close-captioned text streans can be fed I nto systens

whi ch recover the text streamas a stream I?4- of ASCI| characters
synchroni zed with t deQ. - . ASCI | |s used dat.abase
sear ches, ‘al | owi ng djlggfflteglg'ﬁhgg’e e aRERELIS AP s{t: nf%k?bf%n?%nﬁ?ng
Hundr eds or BnbOYAnd oo some uesrsst ored nmaterial . News stories can
be automatically delineated by detecting audi o events 20 whi ch identify

signatures of news story st n i n d.conbi nin
information with the recov- wgggegaig‘étln}ul@%“s hase (SFnFﬂ‘f‘%?'%t i on
filters can : v@denéaudm)rm heh easesia teh pmivﬁée a video news clipBy
combi ni ng vi dgo teb@ﬁgntse&emeénanapsi» a2%ustm55f&aéfdc lﬂawgg%ﬁ as

vi sual i zati on renderln s deo- over capabi I 11jes
those found in ver§ rvice #%%‘B%ﬁ ‘?ﬁ&ﬂ’c?lﬂ’(?éls&§ -sutHclsat ﬂ%r%‘a%oc%a‘%? er),
and in sone davestiypdfimtead o muppurtedt bys TWobsbhleasd nem:eks
an environnent foraaaod}t@ieeg rYéstI Uéér&f@ééty GHE Vﬂé’h é uﬁgh
ri
%%P’b%ma

live video inserts o Current €0 ren
for this purpose nﬁ§£ gé"ﬁ/ cah PSc A "?%{:ié’ééllryhcﬁ?é’ turedo;
service can 10 hewasueddlat sosrrtesi t athoon.example, brAYAIGASE]1 X6 cable

PCT/ US95/ 13016 televis:.o(f: and radio news can be rec ved and stored i
It is possible to easi new serV| es as t becone aval | !t)l e
by addi ng new ser vPEE¥ ﬂ%ﬂ'ﬂ‘l’ae%ed multimgdin fatabames. ngVéQFQt Reys gpreavid-
Preferably, the seingoconventional chosé:daptiicned eept atarkanss canat belcted ed
arqund the into systems which recover the text stream as a stream
15 of ASCII characters synchronized with the video. The
ASCII is used for database searches, allowing retrieval
of relevant video segments from among hundreds or
thousand of hours of stored material. News stories can
be automatically delineated by detecting audio events
20 which identi?ir signatures of news story start and end
points, and combining this information with the recov-
ered ASCII sﬁ;"e.am. The use of information filters can
further inc:eése the search value.

By combinihg video teleconferencing, net-

25 work-based anzmat:.on and visualization rendering, simple

video- overlay capabllxtles {such as those found in very

low cost video boards such as the Video Toaster), and in

some cases application sharing, it is possible to create

an environment for producing virtual reality games which

30 can include live video inserts of players. Currently,

video rendering hardware for this purpose must be

located at each home. A network-based game service can
transcend this limitation.



5 follow ng architectural principals: (i) generalized, reusabl e

functions with genaralized reysable interfaces: (iiyecroation of

services by |inking and/or sequenti al execution of these functions
via software descriptions; and (iii) allowance for functions to be
geographi%’,"}o di spersed yet still cooperate to pregrigesisersut abl e
servi ces. P®edi a network connections fit case (i), whi | e cal
forwardi ng and distributed conference bridg- ing fit cases (ii) and
(rii). It is nost preferred to utilize these princi- . 15
pals so that: nultinmedia conferencing, multinmedia mail, mul ti medi a
conference recording, and nultinmedi a datag'?ih _ es can all exchange
information in a natural way; and K services, . such as

net wor k- based  interactivep ' podBiK1e &Y %asﬁ?e&hashgg gérpgég\grgg based
interactive 20 . virtual real'l tgloaarres can _:nte

from these servtBeY RRFPEnAV lt%stAﬁdﬁngoé’@H t%f’r"lce esl S
described in U §nd/éppésaiding eStstihg d’ﬂes prefemmlphessemhq:ﬂ

Ludwi g,- "A Thr ea d h | e | d
Systens and SerV| ce g"l még&rﬂ%aec eh?:lgge% C:hl tectures :':%aACI?/IPgIﬁi;clila btﬁ&l%?
The methods5 . folyewingharchitecrural e PXLGiRALPF cakile SnFEEGh??%ur abl e
super conput er a(rjs-éw‘sasw rﬁﬁ:ctibﬁaceitm@embamweetreusable ‘intéhfagemsent

i nvention may a a C v S

Sof Lo o exonur 1 {3E) ggglslen ggpééaglc%fs by, 4mI85" 8RS LEPLESROAELR T

The resul ting seﬁvﬁeﬁt%ﬂl rﬁ’ﬁ |t\?¥.ﬁ§ea§E}F6'é§‘PP?1é§a softwaﬁ&nsleaavm%@%% The

approach al | ows aaal digdep! aYIéwdnce for functdvnsetuvi besgeographicatly | e

f
E&?ngg}i igr\”d spersed yet sgﬂflgggperate to :pré:aér_ide execut :Iéef S

Al so, the appr oasRTuiceas mlglﬁiﬂl@déé petwork c°%ﬁ$@-ﬁ’§§t §i'écF%%% H)I'tl pl e

services. By Shghifg é£11 forwardifyl 886 ATSHSDLULRA conferansetbtidg-nunber

B

=of different of ea4P t n be nmaintai ned in the network,
.5 cutting cost%n?n;'%'/?a‘l’ THY, gpaillr%gs ?? entory, parts i nventory,
.manufacturer service contracts,. .and upgrades .. - Aso, failure recovery

i's nmore f| exi bl e and easi ert i most _preferred to utilize these princi-

15 pals 8o that multimedia conferencing, multimedia mail,
' multimedia conference recording, and multimedia databas-
es can all exchange information in a natural way; and
other _ services, such as network based interactive
. 'multimedia advertising or network based _interactive
20 v:.rtual reality games can interact with or be built
from, these services and other lervices. An approach to
this is described in U.s. Application Serial No.
08/131,523 and in Ludwig, "A Threaded Flow Approach to
Reconfigurable Distributed Systems and Service Primi-
25 tives Architectures,"_ Am SIGCOM, 1987. The methods
described therein are also applicable to reconfigurable
supercomputer architectures. Hence, an embodiment of
the present invention may advantageously comprise of
servers implemented as software executing on recon-

30 figurable supercomputers

. The resulting service primitives approach has
many advantages The approach allows rapid deployment
of new services around volatile information services



aut ormat e. Further, statistical pooling advantages anal ogous to
the types of savings realized i tthe 10 ~ToOnference brrdge server may be

realized. Using a service primtives inplenentation of
the above-described services, third-party network-based anes nay be
provi ded usi WQ6RIW6a few I8t cost PCs. The“PEs may b®CTIUSIAIONGi th 4
networ king card for connec- 15 tion to the data portion, and possibly the
vi deo por - tion, of the network via UTP (LAN based WAN connecti on

or via nodem. This provides a | owcost approach for a third-party to
of fer ganmes by sinply executing sinple net wor k-control ling scripts.
The net wor k- controlling 20 scripts may be-8$ed to interconnect ani mation
renderi ng services, teleconferencing services, multinmedia mil

servi ces, video neV\E‘aE“?’fﬁ)T ng. 84894 cdde n%HP%D%@grréAP@WS highyy xepeel ofi a
interactive tel evi scompomenmtsdaerdssi llgltlple services. | BYO shiariing Udd-

part 1 cipati on of {hecoroet fiba SEIEeR] WiHRnLTEE ELeS B Alrerern
mat ch the pl afEPe] ?Ft%ﬁé&mﬁﬂ%f’i‘? maintained in theenetwork,

above-descri bell enbeuttiinyg s cobtsheimr mihing, spameant |1gneha5gy[rarpérts
advantages. By utilizi } St ug, e :
t el ephone system iﬂ&&&é{) g'hﬂgfggtu:?e% ge%?‘%%enéﬁglx%/ce ‘i Sﬂg ‘f‘fé}l‘

i mredi ate, | ow cost Ja?ﬁyr of@hLULe ESFKATYY i@d cflex:.blemgnd m@du&r to

t el ecommuni cati ons setotatRs. USi FgrehefENtstatistical 85i2ﬁ§86advantages

PCT/ US95/ 13016 t echngl ogy.
Further, enbodi rrent alo(ﬁous hE° pt"rheesetrﬂlpes of Fﬁvéﬂ??oﬁeﬁéﬁ?ﬁl in '}-_%

i nfrastructur®®i nv&‘?’#ﬁﬁﬁ%‘%h’é@ﬁpnser"er may de afealiiged.val ue for
I ncreased services by including evol utionary features therein.

Using a service primitives implementation of
the above-described services, third-party network-based
games may be provided using only a few low-cost PCs.

_ The PCs may be fitted with a networking card for connec-
15 tion to the data portion, and possibly the video por-
tion, of the network via UTP (LAN based WAN connection
or via modem_)_ . This provides a low-cost approach for a
third-party to offer games by simply executing simple
network-controlling scripts. The network-controlling
20 scripts may be used to interconnect animation rendering
services, teleconferencing services, multimedia mail.
services, video news clipping services, movie segments
available via interat_:tivé television, and advertising
services into a virtual pop-culture current-events
25 reliving game featuring the live participation of the
players friends and interesting strangers that match the
player’s interest profile.

The above-described embodiments of the present

invention have many advantages. By utilizing existing

30 infrastructure in the public telephone system,
embodlments of the present invention provide an
:.mmed:.ate, lqw—cost approach to deploying advanced
mult:.media telecommunications services using current
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Enbodi nents of the present invention can help r

educe

the costs of bandwdib to the user in _several Wavs. | di at el

enbodi ment s of

the present invention provi de for the utilizat

i on of

a lower cost NTNI with the UTP loop plant and a | ow cost prenises
I nterfac . equi pnment (as conpared with nore expeqﬁhﬁﬁ”gf kg al
carrier $KR*@§%Fing and equi pnent). Furt er,h a
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aggr egat ed for transm ssion via an econom cal
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provide ¥6x 96he 186b1ization of a lower [cost NTNI w1th
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Further. UTP access demands may be aggregated
for transmlssion via an economlcal dlgltal carrier
vehicle (e.g. .r aggregate multiple fractional T-1 demands
into T-1 or T- 3, aggregate multzple T 1 demands into T-
3, etc.). In doing so, user premiaes UTP NTNIs which
are matched to the multimedia needs of the user may be
used without concern for amenab:.l:l.ty to trad:l.t::.onal
telephony

Embodimenta of the present 1nventlon provide

a number of means for lowerlng the cost of network-based

versions_of multlmedla services to levels suitable for

use in business. The business and_sooietal value of the
lower costs which result can be of significant value.

For example, sufficiently lower cost makes multimedia

services more attainable, which acts to increase usage

and partic1pation This, in turn;'increases its value

to business. Further, by making multimedia services
more affordable 1n_business, new ways of business can be

created. Even as aspects of the invention are

superseded by advances in the currently cumbersome and

undeveloped methods of the mainstream, embodlments of

»



5 wused in awde variety of different constructions enconpassi ng

many al ternatives, -nodi fTcati ons, and "~ variations which are apparent
to those with ordinary oo.skill in the art. Accordingly, the present
invention i i ntended*® to enbr ace al | such jves,
10 nodi fﬁ!gl’f%'ﬁg‘ and variations as fall within the spi rf‘tth’%’%dlgand
broad scope of the appended cl ai ns. WD 96/ 21986
- PCT/ US95/ 13016 - 99- What |'s
Cl ained Is: 1. A systemfor providing a plurality of
mul timedi a tel ecommuni cation services to a plurality of mul ti nmedi a
wor kst ati ons, the syst em conpri si ng: 5 -98- a rrul ti media central
of fi ce which inclu switc .couledtoapubl o
i gi ta el R RS ep Ao, Feb B A

tncl udi ng at | east %V{q}ﬁls‘t t@ heip dﬁ"&ﬁ?@eth%*r @mppmées and sphexas fast
one twi sted pair |ijnglidenret.el ephone | ocop 10 plant, the rnultinedi a
central office further including at | east one switch conpl ex
operatively associated with the digital switch conplex and the at

| east one twisted pai Att ianecked cthatwithecpresent ninventsicir magnbeal

of fice §ransgid/esnd 4 hiilgeP! vasisty Q:ff Sldﬁﬁééfeﬁ\tt *b&méﬁxfu%tu@hs 15
| east one of the nultinedia,wrkstati Onit' nt er f aced pu |el (é

digital telephone rMEASAIERESHAE, cPADY D ema‘fﬁj‘ﬁ?'rred‘?%’nfé‘ﬁﬁtél‘m&?fl
transcei ves a secornwagiapienst which axe appaxsnt wice hthosecwitihaoridiasryone

of the multinedia r ns ﬁﬁg t ?ﬁﬁe sted
pair 20 link in tskjlce1 1 %p&?)%?ﬂgo Ab?%ﬁ?i g tt'@lg r g?ﬁa%%é ritir Y
plurality and the s‘é%‘?? urd9ty 3Ghal sathch such rﬂ??d’é‘a&&éﬂeﬁ'
signals, videm si gmaids,fia:a&tidngb tamd dedxdiations asgﬁal".s .within the spirit 2.
The system of  cl@gdMprbag"BeEEe nofté}f‘e %E:pen@éht E

t el econmmuni cati on services i ncl apstcatl on sharing
between at least two of the



mul ti medi a wor kst ati ons. 3. The system of claim 1

wherein the gul tinmedia_tel ecommunication services include w ndow 30

sharing between at least two of the nultinedia wor kst at i ons.
WD 96/ 21986 n PCT/ US95/ 13016

- 100- ' 4. The system of claim 1 m%%&!ﬁé@g
agi ng

mul timedi a P@f’ﬁ’(?mrunl cation services include multinedia

between at | east two of the multinedi a wor kst at i ons.

5. The systemof claim1 wherein the digital switch corrpl ex iIs
coupled to a third-party network, wherein the nmultinedia

t el econmuni cati on services . - provided_by the systeminclude providing -
a gateway to the third-party net wor R®- 10 6. The

system of cl ai &Qi .| ﬁﬂm n ;tﬁe  muitinediacentral office is
networked to a s - medi a central® office via at |east one N
canmon "carrier digital transmssion link coupled to the digital

swi tch conpl ex. 15 7. The system of, claim 6 wherein each of

at | east two of theXmul t Prt¥BEeloficl PTIRCING 3y plugaldty of  (pe
mul ti nedi a cent rahuxﬁifmeﬂiaby:eaecommmﬁiimg serwicks to a phirdldast ofwo

o) 5 Soncep AR ERRRLEEL R 1 svepom BABHIEERG “C01
digital carfiers for -~ a muliiepdiajsantrak t%f%’ét‘b tinedadescant ral
of fice. - digital sﬁit:cf_r heompdeem aduplled Ntd fair phbl:.coruirg’it'aug‘
an internal pr emée%.e(bmni -‘i’?éévg}ks;ys'tt%@ Wu‘i'li?aguakes central office
including at least one twisted pair transceiver coupled
to at least one twisted pair link in a telephone loop
10 plant, the multimedia central office further including
at least one switch complex operatively associated with
the digital switch complex and the at least one twisted
pair transceiver, wherein the multimedia central office
transceives a first plurality of signals with a first at
15 least one of the multimedia workstations interfaced to
the public digital telephone network, wherein the
multimedia central office transceives a second plurality
of signals with a second at least one of the multimedia
workstations'interfaded to the at least one twisted pair
20 link in the telephone loop plant, and wherein .the first
plurality and the second plurality of signals each
include audio:signals, video signals, and digital data

signals.

2. The system of claim 1 wherein the

L 25 multimedia telecommunication services include

| application sharing between at least two of the
multimedia workstations. :

3. The system of claim 1 wherein the

multimedia telecommunication services include window

30 sharing between at least two of the multimedia
workstations.

* [ L ] s %



at | east two of the nmultimedia workstations to the 25 mul ti medi a centr al

of fice, wherein the at Teast two of “"the nul ti medi'a wor kst ati ons share
access to the mul ti media central office via the internal prem se
conmmuni cati on system R 9. The systemof claim1l mhereln
the first 3WO%%Reast one and the second at | east one ofCTFS/1301 WO
96/ 21986 PCT/ US95/ 13016

-101- mul ti medi a workstations are |ocated within a conmon user

prem se. 10. The system of claim 1 wherein the
mul timedia workstations are located at a plurality of 5 user prem ses.
1. The system of claim 1 wherein thd00- mul ti medi a centra

of fice transceives audio sigpals avin ftectlve gandmndt of at
| east 5 kHz, col or QEO é?ﬁhaﬁ?sﬁ§W|ngf ??@ct%v SHTAT dt HROf  at

l.east 10 3 M—lz;nuéndmeldgatfaslqmmmnscgnabs #m:mya ipicludet wubfimedia

| east 128 kbps vi amégﬁaéinée%ét% t kSt ead@i ledd Nlof  the multimedia
12. The system of cl E g]%ﬁ? erein an anal og video signal is
comuni cat ed bet we¥A¥FREATHPRE nedi a central office and one of the

second-at |east one of the 15 mul ti medi a workstations using a plurality

of space s  division V'@'eo STHE 8y Stek 3 c‘iLﬁnhf vﬂ{%rﬂdtﬁé%ﬂhéﬁﬁeo
signals transmtted gveﬁ Erespondln
switc comp

on ural it
twi sted pair |inks? 5 cq le‘ﬁhé"sﬁst%‘hﬁﬁ %Ym‘l?t‘%?fg?m n

the at 20 | east wheeeini sthed paultimedizei telecomumixsation services a
plurality of filtepsole388NByVEhé Osfbfem include providing a gateway to
the third-party network.

10 6. The system of claim 1 wherein the
multimedia central office is networked to a second
multimedia central office wvia at least one common
carrier digital transmission link coupled to the digital
switch complex.

15 7. The system of claim 6 wherein each of at
least two of the multimedia workstations is coupled to
the multimedia central office by a corresponding one of
at least two dedicated digital carriers, and wherein the
multimedia central office concéntrates data received on

20 the at least two dedicated digital carriers for
transmission to the second multimedia central office.

8. The system of claim 1 further comprising
an internal premise communigatiop system which couples
at least two of the multimedia workstations to the

25 multimedia central office, wherein the at least two of
the multimedia workstations share access to the
multimedia central office via the internal premise
communication system.

9. The system of claim 1 wherein the first
30 at least one and the second at least one of the

Illlllll I III|l llIlI || Illl



anal og video signal, each of the filters passing a

ba.n.d_n.f_LLe.q,ue.m.e.s_m.nLaJ_n.e.d_MLm n_the anal og videg..signal and
produci ng a correspondi ng 25 filtered signal based thereupon;

at | east one frequency shifter, each of the at | east one frequency
shifter ﬁ?&i% a correspondl ng frequency-shi f t eglftigpRaserpased

upon the f| ered signal froma corresponding one of the filters;

and WD 96/ 21986 PCT/ US95/ 13016
-102- a plurality of transmtters which transmts

each frequency-shifted signal over a correspondi ng one of the .
plurality of twisted pair |inks. 14. The systemof claim *

12 wherein the at 5 |east one twﬁstedﬁ&%? transce

correspondi ng

i ver includes:

a plurality of r q&ﬁefﬁ‘rem%ueékée&ﬂaee ar@Clocated wARBEA & ddmmdH ugedeO

si gnal s; east one frequency shifte
the receivers, eRIEMiB&he at | east one frequency 10
correspondi ng reconstructed signal; and

responsive to each correspgadlnghe syetéﬁx"gfrlEiéﬂhs

reconstructed anal o i deo S|g
of claim12 mheréﬂﬂ-ﬂﬂ?@&ﬂaﬁ@ﬁkstat °9?d§5°si§ﬁ§Fe€oﬁF

r responsive to
_shifter producing a
a n1xer

hgn %Jhefx‘é iho

he system

aPn?lgrEHFsﬁlﬁgnce

signal and & usdxipremisessi gnal , wherein the chroninance signal is

transnitted over a first of the twisted" pair |inks and

signal is transmtted over a second of the 20 tw ste
16. The system of claim 127 Lhmer Bhe (F¥stAam of gladam

t he | um nance

d pair links.
dnewhereing sher

transcei ver incl udtimedia central ofﬁiben&meﬁwbeeraumimh spgadlises a
band- pass having an effective bandwidth of at least 5 kHz, color
video signals having an effective bandwidth of at least
10 3 MHz, and digital data signals having a bit rate of at
| least 128 kbps yia the at least ‘one twisted pair link.

12. The system of claim 1 wherein an analog

video signal is communicated between

the multimedia

_ ~ central office and one of the second at least one of the
15§  multimedia workstations uSing a plurality of space
' divieion.video eignals, each.of the space division video
signals transmitted over a corresponding one of a

plurality of twisted pair 11nks.

13. The system of claim 12

wherein the at

20 1east one tw1sted pair transceiver includes:
a plurality of filters responsive to the
analog video signal each of the filters passing a
corresponding band of frequencies contained within the
analog video signal and producing a corresponding

25  filtered eignal based thereupon,
at least one frequency shifter

, each of the at

least one frequency shifter producing a corresponding

frequency-shifted signal based upon the

filtered signal

from a corresponding one of the filters; and

* c L L] s *



signallin dependence upon the anal og video signal, the 25 anal og video

signal containing a chroma carrier signal = "~ and sidebands associ at ed
therewith, the band-pass filter passi ng the chronma carrier signal and
t he si deban associ ated therew th; , f requenc

down- shi fte(r%?"?ﬁ?"c'?mmni cafffon 30 with the band-pass fil f’é?"‘?%ﬁ%’ﬁy
produces a frequency shifted signal based upon the band-pass signal;
WD 96/ 21986 o ' PET/ US95/ 13016

-103- a lowpass filter which produces a | ow pass

-si gnal- in dependence upon the anal og video signal, the | ow pass
filter having a cut-off frequency |ess thanlPhe frequency of the

chroma carrier signal; 5 a first trapsmtter which transmts
2 first Signal over a*fPPEFATY 8E, GFBRERLBERTS | hkeh tranepite
si gnal based upon teachf frgguengysshifited siignel, cxed a corresponding ome

second transmtter gfhical %Iaf@mg}s oF 18A%dd pair 18agal over a second of
the twisted pair links, the 10 second si gnal based upon the | ow pass

si gnal . - 17. The systemof claim 12 further conprising
a m xer which mixes an audi o14i gritie wsystemeobf clhdm 12 whegedae-tthevi 8t on

video signalssfo fQelkd SheCySdtilpair transdbiyel r‘iﬁiﬁxdﬂ'é&ed signal 'is
transmtted over the one of 15 %ﬂie twisted pair |inks corres:{)ondl nﬁ; to
the one of the space i BHOFHLY EPgriyers which receives thgg

The system of cl ai mpagef divimforconigteicsisignals; a nodul ator which
modul ates the audio signaly ié’&st one ift%%(&deﬁ@&' ggﬁ_ggg{l.h?ggggﬁgive 28

19. The systemof claim1 wherein a di % al onmruni cat ed
bet ween t he multi nE8fa X&FRIVETS, eachi Of theafnecletst nonn £fraguency

wor kst ati ons 1®ver ahifter producing a corresponding reconstructed signal;
and
a mixer responsive to each corresponding
reconstructed signal to form a reconstructed analog
video signal.

15 15. The system of claim 12 wherein the analog
video signal contains a chrominance signal and a
luminance signal, wherein the chrominance signal is
transmitted over a first of the twisted pair links and
the luminance signal is transmitted over a second of the

20 twisted pair links. "

16. The system of claim 12 wherein the at
least one twisted pair t;anscéi;rer includes:
;g_i)and-pass filter'wh:}'ch' produces a band-pass
signal :_i_.n" t__ifependence upon the analog video signal, the
25 analog video signal containing a chroma carrier signal
and sidebands associated therewith, the band-pass filter
passing the chroma carrier sighal and the sidebands
associated therewith;
a frequency down-shifter, in communication
30 with the band-pass filter, which produces a frequency
shifted s_igi;al based upon the b'g?d-pass signal;

|



plurality of twisted pair Ilnks usi ng. d| gltal i nver se nul ti pl exing,

wh | =€ | |t - .over each _of _tF sted

pair links has a bit rate hi gher than that for an | SDN basic rate

i nterface. 20. The system of claim 19 further
conpri si ngy a first digital inverse nultlﬂgfﬁﬁs 3¢ ch 30
produces a p?"’r%ﬁ‘l ty of digital streans each having a %’ rate | ower
than that of the digital signal; and WO 96/ 21986

PCT/ US95/ 13016 -104- a
second digital inverse nultiplexer in comuni cation with the first
digital inverse nultiplexer  via thg glurality of twisted pair links, =’
t he second digital inverse nultipl 9 produci ng a reconstructed 5

digital signal fromthe pl g{)i‘oht-éagﬁ gigiLal wﬁiéﬁa?E‘oduces a low-pass 215

The system - of -, claim
first codec whi c/#ig5fls ipndepppaenre s‘i‘%lthe analqgn Vé@gen&éﬁﬂélupﬁhean
anal og signal; arlebw—béss filter haviagseommi-dﬂfdfrequsnbpmess tthansenend

digital e onst ructed anal o
signal fromthe recgﬁ rggc{J ghgé él}rdﬁ@ Q}%ﬁﬁ?égﬁs 22. Ag
met hod of prPoviding. a plur@l fiyss transmither |‘PP%-'b‘F1h Fm#ﬁjrﬁcﬁﬁ”éﬁ

services to a pl uﬁghaiyoeérJannsul 6frlﬁd§ &mi.:bdtpéiﬁﬂ&.nﬁs”}etﬁet bofist

conprising the S dia -
central office caggg‘Fl pasedy %?on rtgl\? Fﬁcy gﬁ)l medi a%c%ﬁrﬁrﬁm cation
services; . %o&&ﬁQQQJQKaPFW tter which tasasgdtsha gecond

mul ti medi a wor kssagnams overt e saddndedf athentwdetes! Ipaar linkd)y the
public di g'l aI “3 8898”&&3&‘“&“&& upon the 1ow-pa§souﬁg'nnaq a second at

| east one O

_ 17. The system of claim 12 further comprising

a mixer which mixes an audio signal with one of the

space-division video signals to form a mixed signal,

wherein the mixed signal is transm:.tted over the one of

15 = the twisted pair links corresponding to the one of the
space divisi__on_ video signals.

18. he system of olaim 17 further comprising
a modulator which modulates the audio signal for
application to the mixer.

-20 19. The system of claim 1 wherein a digital
signal is. communicated between the multimedia central
office and one of the multimedia workstations over a
plurality of twisted pair links using digital inverse
_ multiplexing, wherein a corresponding bit stream carried -

25  over each of the twisted pair links has a bit rate _
higher than that for an ISDN basic rate interface.

20. The system '_of. claim 19 further
compris:.ng. ' '
a first digital inverse multiplexer which -
30 produces a plurality of digital streams each having a
bit rate lower than that of the digital signal; and .
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nul timedi a workstations to the nultimedia central office by at |east
one twisted pair link wthin a tel ephone 25— [|oop pl ant;

transceiving a first pIuraLh&y of signals between the nultinedi a
central office and the first+-at | east one of the nmultined a

wor kst at i ons WP2621E publ i c digital tel ephone networ k; PCESI83016
transceiving a second plurality of signals between the multinedi a
central office and the second at | east one of the nultimed a

wor kstations via the t el ephone | oop pl ant; WO 96/ 21986
PCT/ US95/ 13016 -105-

wherein the first plurality and the second -104- plurality of signals
include audio signals, video signals, and digital data signals.

23. The method of claim 22 wReFepd dhgitalb ipyprserediuitiplexer in
t'el ecommuni cation  cmmurdeationi withidhe first dily&'tiaqaihﬁélrsé htlitiglexer
between at | east J . I & \Wor tion

24. The nethod of J:,Lc _atl:fri’né §§n§aﬁl’|‘gﬁ%l ﬁfrr![gh‘é‘s%%% palrﬁulﬁ% aél"‘e second
t el ecommuni cati on séBRFItEd jHerse WHEdRlexer prodacing aparemsdstracted

| east two of 5the digitalmedgnal from tWe khiialdRy. of digital streams. 25

The nethod of <claim 22 wherein the mul t1 medi a tel comruni cation
services include nmultinedia- nessagi ng between at Jleast two of
the nultimedia 15 workstatdns.The system of cD&im Th@oret fadther
claim 22 further corgenipTigdng: the steps of: coupling

the multinedia central offlceat gigt codec which forms the digital signal

in dependence upon an analog signal; and

10 a second codec coupled to the second digital
inverse r_t_tultiplexer,' which forms a reconstructed analog
signal from the reconstructed digital sigmal.

22. A method of providing a plurality of
multimedia telecommunication services to a plurality of
15 multimedia workstations, the method comprising the steps
of:
providing a multimedia central office capable
of providing the multimedia telecommunication services;
coupling a first at 1least one of the
20 multimedia workstations to the multimedia central office
by the public digital telephone network;
coupling a secbnd at least one of the
multimedia workstations to the multimedia central office
by at least one twisted pair link within a telephone
25 loop plant;
transceiving a first plurality of sigfnals
between the multimedia central office and the first at
least one of the multimedia workstations wvia the public
digital telephone network; and
30 \E;‘ansceiving a second plurality of signals
. between the multimedia central office and the second at
least one of the multimedia workstations via the
telephone loop plant;

|



third-party network; and 20 providing, to at |east one of the

mul timedi a wor kst ations, a gateway to the third-partyv_petwork.

& ethod of ¢l aim 22 further conpri sing the steps of:
providing a second nultimedia central office; 25 and
networ ki ng the nultinedia central office to t he SFEHBWiki'”Edi a
central OVPPUY%E 5 at | east one common carrier digrtal transnission
l'i nk. WD 96/ 21986
PCT/ US95/ 13016 ) -106-
28. The nethod of claim 27 wherein each of at | east two of the
mul timedi a workstations is coupled to the nultinedia central office
by a correspondi ng one of at Iea§t1°§\m dedi cated digital carriers,
t he nethod 5 further f..CO n ti ta
received on .the at | east P’ﬁﬁrng %ﬁ%&%ﬁ;}éréﬁf thd ﬁ{Aé)!:rcn%a -
transm ssion toplm:‘aﬁé@drndoﬁ*ulsim%ﬂ% _ -audio gignals, video
29. The met hod %;{Ha@ldﬂ aadl aigbealcau&ulﬁgiﬁlslo the step of:
coupling at | east the multinedia wor kstations to the
nul timedia central office by .an . .internal prem se comunication

system wherein the at 23. Thastmethod! ofhechaimi 2l whawedn athens
share acces 10 yifiimddiy Ml telBdbAmeRIEASioA! | GRawiRdde | dhelude

prenise co ni cation 3 d of °
cl ai m 22 wher ei RFERESR sgxrs.n%t li’%%"é?erbnéa and 935 Sggnd%flm}tg%st one
of the mﬂumm&ddavwotksaati}msare | ocated within a conmon user 20
prem se. - 3L ‘The net hod of claim 22 wherein the

24." The method of claim 22 wherein the

multlmedla telecominun:.cation services include window

10  sharing between at _leaet two of the multimedia
workstations. | ' o

25. The method. of claim 22 wherein the
multimedia telccmnicetidn services include multimedia
messaging between at least two of the multimedia

15 workstati.ons;

26 . The méth_od of claim 22 further comprising
the steps of:
coupl:.ng the mult:unedza central off:l.ce to a

third-party network- and
20 provzding, to at leaet one of the multimedia

workstations, a gatew__ay -to the th:,rd_-party network.

27. _The method of claim 22 further comprising.
the steps of-
prov:.ding a second multimedia central office;

25 and
network:.ng the multimed:.a central office to
the second multimedia central off:Lce via at least one

common carrier digital transmission link.
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mul ti medi a workstations are |located at a plurality of user prem ses.

32. The nethod of <claim 22 wherein the 25 mul timedia central office

transceives audio signals havi ng an effective bandw dth of at |east

5 kHz, color vi deo signals having an effective bandvm dth of a} | east

3 Mz, and dYQP¥HMB&iata signals having a bit rate of at 128

kbps via the at |east one tw sted pair. WO 96/ 21986

'PCT/ US95/ 13016 4 =»107-

33. The nethod of claim 22 wherel n the step of transceiving

includes a step of conmunicating an anal og vi deo signal between the

mul ti medi a central of fice and one of-1PBe second at | east one of the

5 mul ti medi a workstations usin plurality of space di vi si_on

vi deo signals, each of the sﬁﬁcegﬁﬁ‘%l%t&?&vpéeﬁlﬁm 27 waegeir L35t EhpEt ed

over a correspondi Nngaaste twb df the muptimedii ywo)fkmuts.bad Aai couplkd. to

34. The nethod of ¢hal | S ngkudes
Trd Eh%ﬁzmﬁsiﬁ %Fﬁéyaltéfg cLOFYt §¥%33#§§§§ "Gnk Fk

the steps of: ucli n ur S|gn
based upon the ana@fy 143 EY'anzﬂed gd of digitad; I‘faé‘fréxfrs' the; pRrLhe
passing a (_:orr_;,esporfﬁm@elran&nﬁriaiam:e%esst:ep oﬁorﬂmcaﬂ:mtu.hlgn tilataa
anal og vi deo signal ce}.\rieg on th? era%‘iu%ugydégﬁit{%w ﬁ%@.ftia(if cgh&@@ét

one of the tere roduce
shifted signal; an(§°r transm:.ssion t%né‘-ﬂ?ﬁtl’ﬁﬁon%aml‘@ﬂﬂedtlﬁe ‘389 rpdast

one frequengfefikeft ed signal over a corresponding one of the 20
plurality of twisted pair |inks. ' 35. The nethod of claim
33 wherein the step of communi cating includes the steps of:

receiving each of at |east oR&.spbke M i 9f claim 22 further comprising
10 the step of:

coupling at least two of the multimedia

workstations to the multimedia central office by an

internal premise communication system, wherein the at

least two of the multimedia workstations share access to

15 the multimedia central offlce via the internal premise
communlcatlon system. '

30, The method of claim 22 wherein the first
at least one and the second at least one of the
multimedia workstations are located within a common user

20 premise.

31. The wmethod of claim 22 wherein the
multimedia workstations are located at a plurality of
user premises.

32. The method of claim 22 wherein the
25 multimedia central office transceives audio signals
having an effective bandwidth of at least 5 kHz, color
video signals having an effective bandwidth of at least
3 MHz, and digital data signals'having a bit rate of at
. least 128 kbps via the at least one twisted pair.
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vi deo signal; 25 frequency shifting the at | east one space

division video signal to Qroduce at __least one reconstructed
signal; and m xing the at |east one reconstructed signa

to forma reconstructed anal og vi deo signal. 30 36. ‘The

met hod of "wherein the anal og video signal goRb&siso
chrom’nanc‘gL and a WO 96/21986 b 16

PCT/ US95/ 13016 -108- | um nance
signal, and wherein the step of conmunicating i ncl udes the steps of:
transmtting the chrom nance signal over a first of the twisted pair

i nks; and 5 transmtting the Ilumnance signal over a o
second of the twi sted pair I|nks -107- 37. The nethod of

cl ai m 33 wherein the anal 0G4 The %ﬁégﬁ%%gv\ﬁ%ﬁgr&fm e::aeﬁp q{]éaacct%gl er

si gnal and si debands "dssocra ere and er el n p of .
10- communi cat i9f) EXapggeiving inghudes: a step of communigaking,sn

filtering thﬁ an?m:sg destbgrmigﬁa betweeﬂrcﬂh&emﬁlbm€dﬂ§55cdiﬂﬁ:&a| .
contalnlngt ec ﬁ;ﬁ ca e n e asso te
t herew t h; 6 Eﬁ& ne oﬁca{omgésﬁgéit talg ?%gg% Q%%paéé g#%nal
15 to proﬁjuce @ﬂftrlaﬁ@é-ﬁcyw@ﬁkﬁ ongynuping a plurality of 0 ADaSes
filtering the anadmsadiﬁelaeer@igﬁas, each Of AHeC € acéocwféforswaaab

contai ning frequenci e t he fre n the chra carr| er
si gnal "B “BPanemitoed, Ser 8, SR #&@&Pga PY s Ehor & 20
the tw sted pair Bplunalisysof Bﬂéﬂteﬂepﬁ#ledda#@y Shl fted signal ; and
transmtting a second signal over a second of ' the twisted pair |inks
ggsﬁﬁe‘r’gfﬂ {ﬂg ggg ggss 1922 Tne method of claim 3% wnﬂ}%m Lhed gobpc! alm
y 10 of communlcatz.ng includes the stepa of:

_ producing a plurallty of filtered signals
based upon the analog'v1deo signal, each of the filtered
signals pass:mg a correspond:.ng band of frequencies
contained with:l.n the analog video s:.gnal,

15 frequency shift::mg each of at least one of the
filtered signals to produce at least one frequency
shifted signal; and

transmitting each of. ‘the at 1least one
_ frequency-shifted s:.gnal over a corre-ponding one of the
20 plurality of twisted pair links.

35. The method of claim 33 wherein the step
of comunicat:.ng 1nc1udes the steps of: '
receiving each of at least one space division
video signal;
25 frequency shifting the at least one space
' division video sig'na'l- to produce at least one

reconstructed signal and
m:.xlng the at least one reconstructed signal

to form a reconstructed analog v:.deo signal.

30 36. The method of claim 33 wherein the analog -
video signal contains a chrominance signal and a

e CcT L OMS %



25 video signal contains a chroma carrier signal and si debands

associ ated therew th, and wherein the step of conmuni cating i ncl udes
the steps of: receiving a first signal via a first of the
twi sted pair |links: 30 receiving a second si ' second
of the WORHBE o pair | nks: frequengﬁ&ﬁﬂéﬁ?ﬁi ng
the first signal to produce a third signal; and WO 96/ 21986
‘PCT/ US95/ 13016 e .. -109-

m xing the third signal and the second signal to forma
reconstructed video signal. 39. The method of claim 33
“further conprising a step of mixing~#P8audio signal with one of the
space 5 di visihon,video sjgnals_ta forma m.xed signal, wherein

the nixed signal  4UPIBR0GE, Fighal o and, wBsrein (Bhq step of bPWE’Pg‘aa’p%W

i nks correspondi ngncdudes e stfepshofspace di vi si on video signals.

40. ghel met PO? offcl aim 22 &ﬁfﬁ%ﬂtttmg ssreept cﬁpo?in&i?é raﬂéﬁsiviot%rt he
secon prurality OL.Slgnaks,, n uaes . §e 0 comruni catl ng a
digital signal ovefizst 8 th?)f%%leﬂ/pﬁrt%{‘fﬁd %‘g‘?r links using digital
i nver se 5 nul ti pl exi ng, txanamittisgc othes phumlinands t signedm cveri aal

over each of the twyesbfg Hfithd itiiBsteaSpaiPi Lingse 15 hi gher than that
for an | SDN basic rate interface. 41. The met hod of

claim 40 wherein the step of comuni cating includes the steps of:
inverse mul tiplexing the di B#1al Thegmethoed of claimpddhexredinptheandalomf

digital streams eaghqogViditraid! bonkling 2! BnkOYE" c%JHELeTIhfiEigﬁ?iheand
digital signal; \ transmtting each of the,digltal streans
Vi a sidebands associateg gLerewz h, and wherein the step of
10 communicating includes the steps of:
band-pass filtering the analog video signal to
produce a band-pass signal containing the chroma carrier
signal and the sidebands associated therewith;
frequency down-shifting the band-pass signal
15 to produce a frequency shifted signal; '
low-pass filtering the analog video signal to
produce a low-pass signal containing frequencies less
than the frequency of the chroma carrier signal;
transmitting a first signal over a first of
20 the twisted pair links based upon the frequency shifted
signal; and
transmitting a second signal over a second of
the twisted pair links based upon the low-pass signal.

38. The method of claim 33 wherein the analog
25 video signal contains a chroma carrier signal and
sidebands associated therewith, and wherein the step of
communicating includes the steps of:
receiving a first signal via a first of the
twisted pair links;
30 receiving a second signal via a second of the
twisted pair links;
frequency up-shifting the first signal to
produce a third signal; and

N



a correspondi ng one of the twisted pair |inks; recei ving

the digital streangs. and . jnverse nultiplexing the digital
streans to 25 produce a reconstructed digital signal.

42. The method of claim 41 further conprising the steps of:

form ng t%gﬁhﬁb# signal in dependence upon an peppsessegnal ; and
30 ormng a reconstructed anal og signal fromthe

reconstructed digital signal. - WD 96/ 21986

PCT/ US94/ 13016 ' 43. A nethod of conmunicating an

anal og vi deo ~signal and an audio signal over a plurality of tw sted
pair links, the nethod conprising the stegs of : formng a =
first space division video signal 5 f8-a second space division video

si gnal based upon the ' I Xi ng

t he audi o signal W|th t he “sliexﬁ% tgﬁ-,aéégﬁ'_@ﬁ Ei ansd 5rlllews ggmsil ﬁi%?gjfo form .
a-m xed signal; &Rdferm a re°°natru°teﬁrXﬁgﬁPt§+$EP¥he first space division
video 10 signal over a first of the tw sted palr | i nks;

transnmtting the m xed SIQQFI %gm?e §03Pc%m 33 rtlﬂirtn anél sﬁ%r

| L nks. conmruni ca I'ng a

vi deo si gnal andaaftendes wixing %éu%%lﬂ}ﬂaﬁﬂ-t yith ong of FWS!E%U?)aI r

l'i nks, OIt he syst edi¢sPon Ssvideo’ siglnals to form anmamedf ei.gﬁalm meﬁeinrst |

space division vigdeo a space- n 80, Si gna
tﬁ mixed gi%ﬂgeoisgr% ﬁ?s?ﬁ%%%% CWE 3n§ q‘l-’ ®hi ch

based -~ upon The“anal
m xes the audio §wge‘a¢d\m4¢ {aakscorrespandingotecthe wnsi of thmgnal to

forma m xed div;giéﬁmuldeo signals. ~a first transmtter which
transmts the first, " 'space division video signal over a first of the
tw sted

40. | The method of claim 22 wherein the step

10  of transcezvzng the second plurality of signals includes

the step of communicating a digital signal over a

plurality of tWisted pair links using digital inverse

multiplexing, wherein a corresponding'bit stream carried

_ over each of the twisted pair links has a bit rate
15  higher than that for an ISDN basic rate interface.

41. The method of claim 40 wherein the step
of communicating 1nc1udes the steps of::
inverse mmltiplexing the digital signal to
produce a plurality of digital streams each having a bit
20 rate lower than that of the digital signal;
transmitting each of the digital streams via
a corresponding one of the twisted pair links;
rece1v1ng the digital streams; and -
inverse multiplexing the digital streams to
25 produce a reconstructed digital signal.

42. The method of_claim 41 further comprising

. the steps of:
forming the digital signal in dependence upon

an analog signal; and
30 forming a reconstructed.analog 51gna1 from the

reconstructed digital s:.gnal . .
S —
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pair links; and 25 a second transmtter which transmts the
m xed signal over a sSécond of the tw sted pair |inks.

WO 96/21986 PCT/US9S5/13016

-110-

43. A method of communicating an analog video
signal and an audio signal over a plurality of twisted
pair links, the method comprising the steps of:

forming a first space division video signal

5 _ and a second space division video signal based upon the
analog video gignal; -

mixing the audio signal with the second space
division video signal to form a mixed signal; and

transmitting the first space division video

10 signal over a first of the twisted pair links;
transmitting the mixed signal over a second of
the twisted pair links.

44. A system for communicating an analog
video signal and an audio signal over a plurality of

1s twisted pair links, the system comprising:

means for forming a first space division video
signal and a second space division video signal based
upon the analog video signal;

a mixer which mixes the audio signal with the

20 second space division video signal to form a mixed
signal;

a first transmitter which transmits the first
space division video signal over a first of the twisted
pair links; and

25 a second transmitter which transmits the mixed
signal over a second of the twisted pair links.
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