WO 02/ 49356 PCT/ US01/ 49900 AUTOVATI C MULTI - CAMERA VI DEO COVPCSI TI ON FI ELD
OF THE I NVENTI ON This present invention relates generally to nulti-canera
vi deo systeorw493and nore particularly to an automatic nul PCTosoRMa0oNi deo
conposition systemand nethod for its operation. BACKGROUND OF THE

I NVENTION In the general field of video transm ssion and recording, it is
common to concur r RUTIOMAERE MELTI-CAMERAVIDE(G COMPOSEION nts or

| ocations. One commpbn exanple is sports broadcasting: a baseball gane, for
exanple, may use five or nore caneras to capture the action frommultiple
viewi ng angles. One or nore I G Lt.ch. between the caneras to
provi de a tel evision signal W@?n@?@pi%ﬁﬁwul ly, of the best view of
what ever is happeni ng i.n the ame at t hat r’erent Anot her exanple is a
novi e. Movie PP “‘hvc‘}Wé% teﬁ &Ree IESIt%‘EP ‘I‘E?H&raa‘f‘?eé’rsyftﬁlésé{} ¥ are
recorded, with nost scenes, usi ng a variety of canera shots in a selected
conposi t i dRtEERIE R aumni‘%ﬂb‘ﬁ“ﬁaé’?%%‘b‘éeq ‘é’§§°°é‘%€1i‘ RENE %qqé%et@dsfﬁ‘blfst s cont est
or a novie, nmany other applications of multi-canmera video data exist. For
i nstance, oRedHPlact i on of camera angl es can provide a nuch richer record of
al nost any taped or broadcast event, whether that event is a neeting, a
presentation, a videoconf BAGKSROYNDLHF EHEINVENTEON| assroom to nention a
few exanpl es. One pair of researchers has proposed an aut omated canera

swi t chi ng st r afethy gereral fieldvf stisloe bafserissivniand reapdingcitisicommdndased on speaker

behavi oural patterns. See F. Canavesio & G Castagneri, "Strategies for
Aut omat ed cGasvereatlSwiptuchvidep fitam sugipBetiewpaints al locdBians. ePmescoimmon example
Vi deoconferencing”, in Proc. | EEE G obal Tel ecommuni cations Conf., pp.

is sports broadcasting: a baseball game, for example, may use five or more cameras to
captﬁre the action from multiple viewing angles. One or more technicians switch between
the cameras to provide a television signal that consists, hopefully, of the best view of
whatever is happening in the game at that moment. Another example is a movie. Movie
editing, however, takes place long after the events are recorded, with most scenes using a
variety of camera shots in a selected composition sequence.

Although perhaps less exciting than a sports contest or a movie, many other
applications of multi-camera video data exist. For instance, a sélection of camera angles
can provide a much richer record of almgst any taped or broadcast event, whether that
event is a meeting, a presentation, a videoconference, or an electronic classroom, to
mention a few examples.

One pair of researchers has proposed an automated camera switching strategy for a
videoconferencing application, based on speaker behavioural patterns. See F. Canavesio
& G. Castagneri, “Strategies for Automated Camera Switching Versus Behavioural

Patterns in Videoconferencing”, in Proc. IEEE Global Telecommunications Conf., pp.



1 WD 02/ 49356 PCT/US01/49900 313-18, Nov. 26-29 1984. The system descri bed
in this paper has one m crophone and one canera for each of six

vi deoconfve® enessparti ci pants. Two addi ti onal caneras provPdBUSIIMING0 for a
split-screen overview that shows all participants. A mcroprocessor
periodically perforns an "activity tal ker identification process" that

det ect s WhIB- Hhdioy. 26-29 198f. Thesystant desdripathinsthis papeahkd ang nderdplomeands a bi nary
activity pattern consisting of six "talk/no talk" values. A nunber of

t i me- baseohetdamemifor ¢hsh af €@x eide@peirenct mrtidignsy Sweraddifibiel camaasgpoddessor

i npl enents a voice-switching algorithmthat deci des which of the seven
camera Vi mpst fosa split-Sctean dediewthaushonealbpeetionpaaw) Arlckopbeesssed for each
binary activity pattern. In essence, the algorithm deci des which canera

Vi ew t o usgiokiRhllppdiimenatadatityatlker ikdrgifivalon pases” tat ddits whosdaeakiang, which
canera is currently selected, and whether the «currently-selected canera

vi ew has @ﬁﬁé\pm&lgarﬁ% tAkifg MMdORk3 ADkHALy Rbivity piternl dondTi@ of liREAIGRE
si mul t aneous speaker is detected or no one speaks, the systemw || swtch

to the cgnfberpege overview after a preset anount of tine. And generally,
when one speaker is detected, the systemw |l continuously select the

close-up view ghyuhBaloraReAEH tﬁ%sﬂomagreaeﬁterédhﬁ% tﬁ@sﬁ&t’eﬁuqhéo talk or take
only short pauses. BRI EF DESCRIPTION OF T G The invention nay be

best U”delﬁ_ﬁctrgé}gce Yor Exﬁ@%aﬂs § DScALRRhY ‘alfg%rd’l‘ﬁﬁ ﬂﬂatr REBELHEE §Qhe {06 dr awi ng,

wherein strates a typic camer a/ m crophone configuration for

one enbodyﬁ%?% ylg&g&sﬁﬂflgfggﬁglp;gasgopa8’5&%%31 SR R cfUh Bk PGP ock di agram

for an au

pattern. In essence, the algorithm decides which camera view to use for a new evaluation
interval based on who is speaking, which camera is currently selected, and whether the
currently-selected camera view has been held for a minimum amount of time. If more
than one simultaneous speaker is detected or no one speaks, the system will switch to the
conference overview after a preset amount of time. And generally, when one speaker is
detected, the system will continuously select the close-up view of that speaker as long as
they continue to talk or take only short pauses.
BRIEF DESCRIPTION OF THE DRAWING

The invention may be best understood by reading the disclosure with reference to
the drawing, wherein:

Figure 1 illustrates a typical camera/microphone configuration for one embodiment
of the invention;

Figure 2 shows a high-level block diagram for an automatic multi-camera video
composition system according to an embodiment of the invention;

Figure 3 contains a block diagram for a video autoselector according to an
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conposition system according to an enbodi nent of the invention; Figure 3
contains a block diagramfor a video autosel ector according to an 2 WO
02/ 49356 WRCI2/4486d./ 49900 enbodi ment of the invention; Fi gee®US0IcON0AI NS a
pl ot for an audi o-score-weighting step function useful with an enbodi nent
of the invention; Figure 5 contains a flowhart for video source

aut o- sel eatbmimat obthdimgntiam; one enbodi nent of the invention; Figure 6
illustrates a caneral/ m crophone configuration for an enbodi nent of the

i nvention; andFigirgdrcentdins hplt for mehwlio-koeck-weigemgcpffarctine sedul edthfangur at i on
using a video autoselector according to an enbodi nent of the invention.
DETAI LED &Es(arhddt bfNe @verdtdn; EMBODI MENTS The present di scl osure includes
systens and net hods for autosel ecting one of several concurrent video

inputs as a Viggae 9ubibins a Bewetaaltbividddsblide butspeedtioh acdording dge about
canmera positioning nor access to information fromthe video streans

t hemsel vegmbiméR bk @fleh®nrake the sw tching decision. Instead, the
descri bed enbodi nents can select a video output using audio inputs and

video output_seheeiiMRulish Ofra FitSpHBRREAREDaRGIYor & EiRboindnb@iKe SY S em
calibration and processing power requirenents, while providing a seemngly

nat ur al VE&&ERM;Q% video input selection. It is observed herein that in
many vi deo scenarios (particularly conversational scenarios), the "best™

of several ayaﬁiklggz%h&ggﬁgt@voﬁ@? L&%o E(ﬁlfél‘%ﬁ%%ghglrMH% Shdedi rectly

in
correlates with position of an active human speaker “(or other sound
source). ;angselector according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present disclosure includes systems and methods for autoselecting one of
several concurrent video inputs as a video output. Generally, neither specific knowledge
about camera positioning nor access to information from the video streams themselves is
required to make the switching decision. Instead, the described embodiments can select a
video output using audio inputs and video output selection history. This approach can
greatly relax system calibration and processing power requirements, while providing a
seemingly natural variety of video input selection.

It is observed herein that in many video scenarios (particularly conversational
scenarios), the “best” of several available camera angles is that angle which most directly
correlates with the position of an active human speaker (or other sound source). The
described embodiments can take advantage of this observation, selecting a video source
based on the location of audio activity. The described embodiments use an association
matrix that relates each of multiple audio inputs to at least one video input. As a particular
audio input shows an increase in audio activity, it becomes more probable that the video
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descri bed enbodi nrents can take advantage of this observation, selecting a
vi deo source based on the location of audio activity. The descri bed

enbodi mrew@ ougBs@n association matrix that rel ates each p€TwRO49ploe audi o
inputs to at | east one video input. As a particular audio input shows an
increase in audio activity, it beconmes nore probable that the video 3 WO
02/ 49356 REH(sPSBI¢i4BDOFGh thahpudiq isputas B be sal¢atad asithercutrhigtvidgadupul. nput wi | | be
selected as the current video output. Wile the disclosed enbodi nents base
vi deo out put sWhigcthe disclbsedpaibbdiorenta balevideaotipui delectiot ihgart baeddds s pr ef er abl y
enter into the selection process. Prom nent anong these other factors is a
time histesiyitglthet thersmefeablysatee titd ha selé@ion prosé8NEOMiMkNe apeigSthdse MYy

dom nate the dial ogue captured on a conposite video for an extended period
of time. othdrtfhaasts s OUes hikbiySofexle BolREE deRbBdV FHor ORANGARI Rrdn@la@ Mmay be
"best" generally, the "best" conposite video streammay fromtinme to tine

show, e. Odomifat¥tHéefialcung ittt &¥h a ERBPEREAWES for bt R ed period of time.
somewhat - | ess-t han- opti mum perspective, or views of silent participants. By

usi ng tiﬁﬁh&&%ﬁb@ér%his Ehenddl §droa ede eRedh %E@%eﬁegﬁﬁallitﬂé %e@P Canera
angl es even ile allowing one "best" audio channel To domnate. O as

anot her e L1 - i I t iteria,
e&g@gfgﬁ villdoBeredth $a9 Ronti@he toREnd 66, L0, @@mﬁﬁggléﬂ%, @g%tﬁglae?“ eria

e.g., by ng that each tinme a new canmera ang IS se t hat

angle wi | i i r oA . bE f
come i i 17l EENeh R RALARAH RERRADL o VinBbe RTINS 0 "
f eat not , f i t f i d Ca i F

et ance, Ha-PIsRI e ol B8 SYGHFIR oon FAORYGRL B A AR AN 4

bi nar rqce and, / m h iati is flexibl. | | owi

AR S It R S S T R L

Nt roduces 801 AR BSH wRlpripR oA AE! by Stk ot Bn T i hmgldeo svi t ohes

angle is selected, that angle will received an increased probability of remaining selected

for some initial period of time.

The described embodiments provide several features not found in the system of
Canavesio and Castagneri. For instance, with the present system, audio scoring is not
limited to a binary process and camera/microphone association is flexible, allowing
multiple microphones to associate with one camera and vice-versa. This introduces an
aspect of unpredictability into the timing of video switches and introduces a variety of
possible switching conditions (based on a given speech pattern) that are absent from the
prior art. And in at least one embodiment, the video feeds can originate at different
remote locations, with each location potentially receiving a different view of the video
session than the other locations.

Perhaps even more significant, the described embodiments can provide strong
disincentives to continued selection of one camera for long periods of time, even if that
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possi bl e switching conditions (based on a given speech pattern) that are
absent fromthe prior art. And in at |east one enbodi nent, the video feeds
can origiwabs4sse di fferent renote |ocations, with each | PCRUS@INII00
potentially receiving a different view of the video session than the other
| ocati ons. Perhaps even nore sitgni ficant, the described enbodi nents can
provi de sEHESHYPICEING] AflQAUPVEY 9fa lermwindedepeaier-o Bhis ais ssugliterestie s for | ong
periods of tine, even if that 4 WO 02/49356 PCT/US01/ 49900 canera

present s uided agputyyy igieespersing sharovigwswirmieed parpeipiy and/ph pyersigys exets ual

interest to the video output, by interspersing short views of other

parti ci pawhen enedirson sweenppelimingethesonyprsatioone person i s nonopol i zi ng the
conversation. To further illustrate these principles, a first enbodinent is
descri bed wi t HTs BirtberdHatratettioese henapled, e fiesh embodiment dodekérdpad aith oeferfceof Fi gur e
1. In configuration 20, three mcrophones A, A2, A3 are positioned around
a conf er etictee t@iidrence Thune eonfigd@torc2heigure T In GR{igEBicard, taraeeanged ar ound t he
conference table as well. The field of view of camera O includes

m cr ophonmicdphohéreA 1,iA), d3 afe posieioh@f aremd@rcanfe2neatableldElaesvidecogiens A2, and
the field of view of canera C3 includes m crophone A3. Figure 2 shows the

conf i gur aCii are, @f3 ade Midhged fvhridahd ABfgymt 1IN welll THS Belof View of camera
m crophone/ canera configuration such as configuration 20 of Figure 1. A

video autesfhrel Rlicrdfhoh8L e tHeSelabf ALl ioPcdnitpdil?2 flcRidt Raktophbe ARheae Al , A2,
and A3. A video switch. 50 receives a video input fromeach canera d, C2,

C3. Vi deoyRufRESENVRG Hcathlra ¥ REHERMidBpIIAdiaG, out put and a switch command.
Video switch 50 uses the switch command to switch video from one of video

sources C 1, ; i Ei (L . . detai | ed
sources. © 1. ipufB ey bTRANLRUE o iELLNEla SRR Tor focTlfe

microphone/camera configuration such as configuration 20 of Figure 1. A video
autoselector 40 receives an audio input from each microphone Al, A2, and A3. A video
switch 50 receives a video input from each camera C1, C2, C3. Video autoselector 40
produces an audio output and a switch command. Video switch 50 uses the switch
command to switch video from one of video sources C1, C2, C3 to a video output.

Figure 3 contains a more detailed block diagram of video autoselector 40. Each of
the blocks of Figure 3 will be described in turn.

Parameter interface 42 provides operational parameters to switching logic 44.
Preferably, at least some of these parameters can be adjusted by a user, either individually
or in groups according to preset modes. The meaning of each parameter is discussed
below in conjunction with a discussion of its usage.

An audio scorer 45 accepts audio inputs Al, A2, and A3. The examination interval
length input parameter (from parameter interface 42) determines the length of time over
which an audio score will be calculated. Switching logic 44 supplies a reset signal to
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the bl ocks of Figure 3 will be described in turn. Paraneter interface 42
provi des operational paraneters to switching logic 44. Preferably, at

| east someOot/443bese paraneters can be adjusted by a user, PETAUR&r49900
individually or in groups according to preset nodes. The neani ng of each
paranmeter is discussed belowin conjunction with a discussion of its
usage. An saurdi 45 slnraarewAzanaoes@t ipteanatlisdo begiut BheAlidio AyrerdnionsAB. audioe

exam nation interval length input paraneter (from paraneter interface 42)
det er m nescérbefot @ohtidioinptil AE APy &8, thutuxpilessantha leelofacdio ectivitly lprddent at
calculated. Swtching logic 44 supplies a reset signal to 5 WD 02/ 49356

PCT/ US01/ 4R4Q0dio $(af @iring Shadxeminatifieittetvad NATAE eivfitit igtemal, thesutiio begi n. The
audi o scorer forns an audio score, for each audio input A, A2, A3, that

expr esses sthies arewehsnifted divRcagd loyic4y. present at that audi o input during
the exam nation interval. At the end of the interval, the audio scores are

transmtted toggchigdl wfgg; 108901@s th actSide bk th9Gich ek So0lrb& yaat ual
deci sion as to which the video sources wl | be selected as the current

vi deo sourgetQld & 1B YERNEHAH Blck 88 al el %Xﬁﬁmat%'u%eﬁ@lc IRiQRcikdn jPased, in
part, on the audio scores for that examnation interval. The decision is

al so bas ednaséanm\fﬁf:t' (ﬁ’ﬁl‘hg Sudid Yord fé)rQha? te%x?n%mﬂt&véll? ;F h@ﬁedlﬁérﬁirs Qfsg badqusi ng

par anet ers suppl'i ed paranmeter interface 42 te nenory 46 stores at

| east a Py \Ja?t blés'slig‘?‘ecmnssléa?er Her & %'6 Qnélgwt s paiGhd f%& su ed%g)e sinpl e
? the Tast - sé%ﬁétgg ﬂ

case, this "hi's consists o deo source’and an
assomatedar e%§0t§%%”§?t | ength (representing the | ength of tinme that the
| ast - sel ect o ed source has renalned sel ected). The hlstory may al so

clasei e vigoo, SEOTRRL AESOUIMIOCAR, B LURB: MR b ob TR ] 50 bo
one simple case, this history consists of the last-selected video source and an associated
video segment length (representing the length of time that the last-selected video source
has remained selected). The history may also classify the video segment according to a
type. Other items may also be helpful in the history, such as the length of time since each
non-selected video source was last selected and/or a history of the last » video segments.
Optionally, video autoselector 40 can include an audio mixer 48. Switching logic
44 can provide an audio control to mixer 48 to correspond with the current video selection.
Or, mixer 48 can be fixed, e.g., to mix all audio inputs equally to form an audio output.
One method of operation of video autoselector 40 is as follows. The system
considers the video channels and audio sensors specified in the video channel/audio sensor
association parameter(s). This association may be manual (set by the user), fixed (e.g., a
directional microphone is attached to each video camera), or automatically set based on
physical configuration information (e.g., known microphone locations and camera field of
views). The association may be 1:1, i.., one audio input for each video input; in other
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non-sel ected vi deo source was | ast selected and/or a history of the last n
vi deo segnents. Optionally, video autosel ector 40 can include an audio

m xer 48 w@we/43ké ng | ogic 44 can provide an audi o controPCT/OSoM/40800 48 t O
correspond with the current video selection. O, mxer 48 can be fixed,
e.g., tomx all audio inputs equally to forman audi o output. One nethod
of oper at embodiihents, deoadlid mped reot vap #endlisplasidéoinbwor vitheesysinghe consi ders

t he video channels and audi o sensors specified in the video channel/audio
Sensor  ag&dEetaaiplddT MARFSELEMES) Al Mps toaSIS AQinkips Cyayd Be nwpeuaC3.(set by
the user), fixed (e.g., a directional mcrophone is attached to each video

camera), Qhe AUpINBEAN®RlckYresed alASHE 1P Mnatidh) WefedV isGRIHuneHer 8 duafd | nf or mati on
(e.g., known m crophone locations and canera field of views). The

associ at i @iufIRYd BEis e lhumibeofviRBSn Fﬁd'\%e‘nwaﬂpﬂ{g igaghiyifegs pRYt; in
other 6 WD 02/ 49356 PCT/ US01/ 4990 enbodi ment's, one audi o i nput may map to

mul ti pl e yeﬁgm%ﬁgwc& blsed: ',4{8 ré’p%csgﬁs an %dﬁ&ﬁp\ﬁt' afn%ltV[ﬁ)ggﬂ&t:ﬂs @ Figures 1, 2,

and 3, he mappi ng can be

expressedH@§ &ﬂP ﬁxawlnﬁde wher e le the nunber of audio inputs and M
er eo [ [ [

is the nu I'nputs. When the mapping is 1:1 (i.e., , two

length N arrayg, can C%ﬁta}ﬁﬁg%o irJdﬁor c%B{r?%ﬁQ’é .it%ﬁti%’gé o‘fBHé‘l%ldeo%ﬂTcé’[']

represents t he correspon ntai ns owchart 60
ne,video.source s cti. o

Cyatem usSatfPioFRS: wEn e e ARG b GF BLod e SeR LOOPA s
teration °§sa§ﬂwa§§?t§?ﬁ#e§q“a§e e ittt oo dhs Shefenteadd 2" o "
Vi deo sourtisergn Bk patinerser i tafsmmfﬁav&rc %ot‘é‘% i 9%‘3%%0 % . g f "four
seconds in the illustrated exanpl e Duri ng is initial inter,

system can be constrained to stay with that video source or at least the minimum vi eo

segment length (e.g., four seconds in the illustrated example). During this initial interval,

the system may do nothing more than count time until the Min Video Segment Length is

reached, looping repeatedly through blocks 62 and 64.

When the segment length finally reaches the minimum segment length, block 62

drops through to block 66. At block 66, an audio examination interval begins. The

examination interval can relate to the video switching point in one of several ways,

depending on the system mode. At least two modes are possible, real-time composition

mode and posterior (e.g., archival) composition mode. In real-time composition mode,

video switching uses an audio examination interval consisting of prior audio samples. For

instance, if £ is a potential switching point, and the length of an examination interval is T,

the examination interval for switching point £, would begin at ¢, — T&. Posterior

composition mode, because it has no real-time constraint, can “look ahead” in the audio

samples to see who will be speaking in the near future, and possibly switch video sources

7



the system may do not hing nore than count time until the Mn Video Segnent
Length is reached, |ooping repeatedly through blocks 62 and 64. \Wen the
segnent [veagr/w3fé nal | y reaches the m ni mum segnent | engt hPCHUSEK498® dr ops
t hrough to block 66. At bl ock 66, an audi o exam nation interval begins. The
exam nation interval can relate to the video switching point in one of
sever al waspsh thatiibp eendispmkarns inhaeve gtshetimerhdiespeaker begastio tallo Hop themnas; e

possi ble, real-time conposition node and posterior (e.g., archival)

conposi ti oin posteléor chmpodiadn moderhcaamdmtivn mrervad de,videv isatRchisypdighi ddgiduses an
audi o exam nation interval consisting of prior audio sanples. For

i nstance, begin & ri- T/, potentiilingW + ¢35 gnpiviig soadvdigte td whgisRpdakingn
exam nation interval is TE, the exam nation interval for sw tching point

i's woul d begibefoad the Switchifiy pdRaSh the ®ulk oF GRERASIH kORhORIEse PELMLSEsti t has no
real -time constraint, can "l ook ahead" in the audio sanples to see who

will be spg@kth@gwqtanﬁ%gmﬂ@ar future, and possibly swtch video sources 7 WD
02/ 49356 PCT/ US01/ 499 such that the new speaker is in view at the tine

that speaker b%id'ﬁ‘?scbﬁérh@kéﬁets BPAudidbRM6 ackh AudRPRp& L Bk bggﬂﬂﬁ%bfd on node
the exam nation interval for video switching point is cou egin at is -

TE/ 5, and &@ﬁﬁdaﬂbﬁ?m‘t@?&dll CT:)x'isuIErlﬂ %ltaltl l%mght h&]ﬂwﬁe@%ﬂ%‘xﬁ@?}nghﬂsﬁho I's

speaking just before the swtc pol ht an weli ght to who

will be speakidge Jnugﬁxateagwe sthmégtfx&&pﬁé; %gcoﬁﬁaé?éd mgyodjgg FG9fgncd >, resets an

audi o score for eac I nput eqgl nni exam ngti on

interval . V%‘pzﬂ a[cll%lgoes aim Sgl‘fl@ 81<I-Epsam Qstc%ﬁ l)e const ngé'glgn&a gbo input is a

pul se-code m) ream’ nples are c groups. For
i nst ance, oM tlven au% ger tygam %E % ; H@ sarrpl es can be consi dered
in groups (5)1“ ng CBREBEE v s‘&fﬁ? Pof Ebw oW sec t enporal  subwi ndows) .
For each temporal subwindow and audio input, the maximum and minimum
sample values are determined. The difference between these two sample values is
calculated, representing (approximately) the maximum peak-to-peak amplitude of the
audio input for that subwindow:.
At the end of a subwindow, the difference calculated for an audio input is
compared to the difference calculated for each other audio input for that subwindow. The
input having the highest calculated difference ‘;Wills” the subwindow, and has its audio
score incremented by one. One alternative is to normalize all calculated differences by the
score with the highest calculated difference, and then increment each score by its
normalized difference.
The process continues for each subwindow in the examination interval. At the end
of the examination interval, each audio score will represent the number of subwindows
where the corresponding audio input had the highest maximum calculated difference.
In this embodiment, the current video segment can be classified as one of two
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For each tenporal subw ndow and audi o input, the maxi num and m ni num

sanpl e values are determ ned. The difference between these two sanple

val ues i svoozkwsd at ed, representing (approxi mately) the nRKT/HEM/49900
peak-to-peak anplitude of the audio input for that subw ndow. At the end
of a subwi ndow, the difference calculated for an audio input is conpared
t o t he ditffesrenreg@aceldeusegment ahdpn ravgohrrpiider segudint A regular fideo seraentsubwi ndow.
The input having the highest cal culated difference "wi ns" the subw ndow,
and has iit sneathiglii9selezerag airgsakt efewtightedyongpaeisordfaudib senrestd waliscasstd

normal i ze all calculated differences by the score with the highest

cal cul at eglofliy}. f & temeary &ftido bdpaiend ib Oficcthmis sedsaeld bseasethbyretdding rogularal i zed
di fference. The process continues for each subwi ndow in the exam nation

i nterval .sedherdthgs @ashed @flenkiheyiRxadddndhil Gitaburéseiiy fiken 1B ACHeadéifhie 0 score Wi | |
represent the nunber of subw ndows where the corresponding audi o input had

the hi ghegbhabBity M &atchWiRbesd:di fference. In this enmbodi ment, the current
vi deo segnment can be classified as one of two 8 WO 02/49356 PCT/ US01/ 49900

types, a regulgs | visdaicRRBARA Ly ARLufehtERMREHe v IR 1R RETEIM typdist €gul ar
vi deo segnent isC(one tﬁat IS sgl ectuegl as alrfey}ssalt of a wei gh?gdlscorrpari son

of audi o 560568, ééoﬂgggy&iss%m htifP RGN and HrdcBLRYS Bibdk ¥, dRQbREGTENE i S

one that I's selecte ecause tﬁeE precedi ng r@gul ar segnment has reached a

| eNGED Uhar B AL BNAl o TR 9P B Gl BB ey HER 2R el Bmer” ODADI 11 Ly

that a swtc occur on t rrent segnent

t . W .h 5 i . ' [ [
Func i on i BELORCherki el igloln SRR Fkeard R AP QAR ERBU RN, D01 07

t enpor aryun%v%ggrﬁ%gtcortngarris% u Se’acrorelg_ecause if the segnent

When the current video segment is already a regular segment, the audio score for
that segment is weighted at block 70. The weight assigned to the audio score is a function
of that segment’s length.

Figure 4 illustrates one possible weighting function. At the beginning of a new
segment, the source is weighted equally with all other sources. As the segment length
continues to increase, however, the current source weight decreases in steps, thus
increasing the probability that some other source will be selected instead.

Although a smooth weighting function can be used, the stepwise function of Figure
4 allows the weight to be determined from a lookup operation based on segment length.
An integer index #» is computed, where T is the current segment length, Tp is the preferred
video segment length, and C is a constant that adjusts the x scale of Figure 4 (and thus how
fast the decay function proceeds):

n=min(|C*T,/T, |, 8).

The index n is used to select a weight from an array /¥ indexed from 0 to 8, where
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continues past this iteration, this indicates that the segnent was sel ected
in a head-to-head unweighted conparison of scores. Wien the current video
segnent iwoatawsasy a regul ar segnent, the audio score forpPCT/NaM/®e@TENt |5
wei ghted at bl ock 70. The wei ght assigned to the audio score is a function
of that segment’'s length. Figure 4 illustrates one possible weighting
function. At Uh&{b@gimmhngﬁsﬂlaOﬁBQB7$egn&m}, t he source i s weighted
equally with all other sources. As the segnment |ength ‘continues to

increase, howgygte eﬁ&ﬁle%ﬁﬁ@%ioﬁ U B PN S BREIES- 9 Fhdst ©BS Thé hus
increasing the probability that sonme other source will be selected instead.

A Lhough G et @ggigﬁ% [IAEh] RBEB0B01HAE e Lithel @RMESEe f unct Fon of

Fi gure eterm ne rom a |1 ookup operation based

¢ h : ) L )
SQQigﬂ?fPﬁ%fﬁﬂ?iﬁf%GT@%hﬂé&gﬁé%C@??%ﬁ%P@}ﬂ'&nggﬁ%%%ﬁ?*efn“eéﬁ"é‘t@ﬁ‘}f%%@ Ay gurrent
const an a t Fi .

Fonet  on T BuaR SAtReIE SRRl g6 e b Dl BB B0 L PE o0

I's used to select a

gg}?ﬂ%oz%%géggﬂg%%?¥sg%%ﬂ%&%ﬁ%@%%%%%g@%%6%?P§ﬂ§%§?8£?¥%@%%@ﬁﬁ%%60ne exanpl e
981 gned FlsCEAR PG RIS SSEHEND 0T SUSSE e tul y until the segment reaches
el oment 5. 0 1 hiRUOGHT A Ao S STPTT ERORE BA P BREHEG M PR S donal, i t s
ekl AN R RS TG

current segment length is compared to a multiple of the preferred segment length (here set

t0 3.0). In this example, once the segment length exceeds the preferred length by a factor

of three, the branch through block 76 is taken. At block 76, the score for the current

source is penalized by an additional weight of 0.5. Also, the “would-be type” (WBT) is

set to temporary. The would-be type is the segment type that will be assigned to a new

segment if one is chosen during this iteration. Thus WBT=temporary indicates that a new

source was selected after the current segment reached an extended length that provides an

incentive for some other source to intervene. Note that if the branch through block 76 is

not taken, the branch through block 78 sets WBT=regular to indicate that any new source

was selected without the aid of the block 76 penalty.

Block 80 compares the weighted audio scores for the current examination interval.
For example, with the weighted scores stored in an indexed array v[i], block 80 determines
the index 7 of the maximum score. Block 82 then compares the index of the maximum

score to the index of the current video source. If the indices are equal, the last-selected

source has been selected again, and the current segment continues. In this case, block 84
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sel ected when none was selected in the first nine seconds. Block 74 can
further increase the probability that another source will be selected when
t he currevo oxess€ce has conti nued for an extended tinme perpPoOUUSHY49B000ck 74,
the current segnment length is conpared to a nultiple of the preferred
segnent length (here set to 3.0). In this exanple, once the segnent |ength
exceeds t hecrpnaifethe edrdnesegtnbnttignggh.f act or  of three, the branch through
block 76 is taken. At block 76, the score for the current source is

penal i zed by aWwiaddidihdwxalf thsahgihuraicde BoesAbsmaich the inden uf itle bardny pe” (VBT)
is set to tenmporary. The woul d-be type is the segnent type that wll be

assi gned tvided so@vé, 98¢ RBdHent vith A@ew SoboshsdBIdcR @6 bdis the clugdndinidenito Thus
VBT=t enporary indicates that a new source was selected after the current

segment 1 eRchesk Ftheaxiendadce et th@@%mﬁﬁﬂéfﬂgﬂﬁ@ 781, arldeEhé kagmehior sone
ot her source to intervene. Note that if the branch through block 76 is not

taken, theyranpaho Eh@WﬂgﬁbebﬂB/ﬁéé@lz&s%ﬂtaﬁd ¥BTath @bilbatk o ®ldcR @D ePbeRid hat any

new source  was selected w ut the aid of the block 76 penalty. Block 80
conpares thg wekght ed audi o scores for the current exam nation interval
For exanple, wth the weighted scores stored in an indexed array v[i],

bl ock 80 deter %&eﬂg%ghf& %lﬁxg%{ﬁqﬁ%siof%diégﬁimis b€ harfdldGHiBa then

ﬁh&%% .
conpares the i maxi mum score to the |n8ex of the current video

source. 1 ontld8ind GRS Rof i instdBE HiaB! o SEhRG! BRI 36 (RS (har”

sel ected agal n, segnent- cont i nues. IS cas ock 84

0,0 O e ST 038P BB b e L B e
v Se0 20U ey oPSKATEEY el N AREE PR Planh R e
to zero, %Q%ciﬁén éa%%e%gr?c[ﬁﬂ% several ways,
One method to associate multiple audio inputs with one video source is to consider
each audio source separately and take the highest of the sources as the raw score for the
corresponding video source. This corresponds to taking the inﬁnity;norm of the vector of
audio sources corresponding to a video source. Other norms may also be used, such as the
1-norm (average the two scores together) or the 2-norm (root-mean-square value of the
two scores).
Another method of associating multiple cameras with multiple audio inputs is to
specify an association matrix. This not only allows multiple audio sensors to associate
with a video source, but also allows multiple video sources to associate with an audio
source. For instance, in Figure 6 a fourth camera C4 is also shown. Camera C4 shows a
wide-angle view of the entire conference table. One possible association matrix could be
as follows:
Video Audio Sensor

11



type equal to the woul d-be-type. Bl ocks 84 and 86 both | oop back to bl ock
62 to begin the next iteration. Many other configurations of audio and

vi deo sowa@ey4Ban be handled with an enbodi nent of the | POEUSIINI00FOr

i nstance, Figure 6 shows a configuration 90 using three  prinmary caneras
(d, C2, and C3) and four mcrophones. Canera C is associated wwth two
m crophones A 1-L and A 1- Rurbot Al tAl-R tA2 fiAd d of view of canera C 1.
This association can be handled in several ways. One nethod to associate
mul tiple audio inputs with gne pigdeo squrceg s ¢® consider each audio
source separately and take tdhe pighestyef tle spurces as the raw score for
the corresponding video souncel olfi s oqprr@ppondg to taking the
infinity-normof the vector f | apsliogourggs qpfresponding to a video
source. Other nornms may al so be used, such as the 1-norm (average the two
scores together) or the 2-norm (root-nean-square value of the two scores).
another met hodyah A5 BRGkn: Wadlitlold 4P oCARREAS: Whdilks Tblid!odilhp 1 nPULS
is to specify an associ ation MR X I's not only al'lows multiple audio
sensors tg _associ.at.e  w Vi i pl e video
sour ces 0" SR RGu iR ti RS- OEHhERe ity AR oW £ 2 ¢S
fourth canera C4.is, al so shown, ra QWS W de- angl { ew of the
entire coﬁ‘F‘é{rogﬁ%E’nsl%arSeope eﬁéonpsgg%%g&eanaegéré%ﬁgf fl%(ﬁ MRy g‘%)"(‘/ nclgﬁﬁaé/ll)e as

fA|O|_ lRO\XSZ A\B\@edﬁgxig_ 9%}?%08%%%?8&30% cgl%)erg%/24%%r5ngralzgrs/hg\§so ele 416?51?—%90 ile \lsl(ejvldro(fe A-L

the area around audio sensor A3, allowing this to be an alternate view to be occasionally

selected when a speaker near A3 speaks for an extended period.

Although the preceding embodiments show a single-conference room multi-
camera configuration, video autoselection according to embodiments of the invention is
not limited to this application. For instance, Figure 7 shows an embodiment 92 that
operates across a communications network 96 (e.g., a circuit-switched network, a packet-
switched network, or some combination of the two).

Figure 7 shows three “conferencing points” 100, 200, and 300. These points can
illustrate a three-way videoconference, but are also appropriate for other applications such
as security, gaming, electronic classrooms, etc. Each conferencing point contains at least
one camera (e.g., C1), audio sensor (e.g., Al), and display (e.g., D1), all connected to a
coder (e.g., 102). Each of coders 102, 202, 302, communicates across network 96 with
video autoselector 94.

In one method of operation, coder 100 encodes video from C1 and audio from Al,
transmitting the encoded video and audio streams to video autoselector 94. Coders 202

and 302 do likewise with their video and audio streams. Each coder can operate according
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C20.00.01.00.1 C30.00.00.01.0 40.20.20.20.1Wththis
matrix, the w de-angle view of canera C4 receives a portion of the score
for eachvead/e@w3séiput, such that it is probable that the speT/@somiobio sel ect
the wi de-angle view occasionally as one person speaks for an extended
period. Also shown is a small weighting for audi o sensor A3 and canera C2.
Caner a C2toddnows vialen eal/opudioi dodingicemprofsiontpacketicatian algotithchsalWideo sensor A3,
allowing this to be an alternate view to be occasionally selected when a
speaker ng@asseR3tosPeadnshdmise @ agdivetiehad (perselectionAlnidibisigly) tdelepr elieldi ng
enbodi nents show a single-conference roomnulti- canmera configuration,

vi deo aut giged 8fhinad s@pBon dhdiGohRrea0iae goine Mitss Mhctionar opeeié moeh lilkk not
limted to this application. For instance, Figure 7 shows an enbodi ment 92

that opefRkREIa66A2LarRpl6LIBIW) efiht it SadoNREidhc B pbRt May atdng bivedli t - SWi t ched
networ k, a packet- sw tched network, or sone conbination of the two).

Figure 7 ghowebhafter&RNd8s SREdeNBhnRRE Rh& codfBRncidOPbint@ Bt 18R ingThese poi nt's
can illustrate a three-way vi deoconference, but are al so appropriate for

ot her appidseahiBQcki N, 2 RPardiE Gitdnbdof 188 R Eing MRELh MM WikiPGSE Ooms, et c.
Each conferencing point contains at |east one canera (e.g., C), audio

igg)s f)r E(agﬁlgigipin‘tg‘lg%fgrigﬁ%g ',kée% ?/a s%g;;élfﬂ)n tinl%]-'ﬂisto f{)r ﬁl%ﬁ}?&ﬁd The sv@itﬁ?@tgder . ( ﬁ- g.,

( communi cat es across networ 6 wt
1 020 L LBt kPO RO M PR RSP gagoces v o
Fhreas B At 595 iRl PRUGA SRR o SR SR,

autoselector 94, or each endpoint can receive the audio stream from each other endpoint.

Operation can be enhanced in several ways. When the autoselector does no actual
processing of video streams, there may be no need for the video streams to pass through
the autoselector. Instead, autoselector 94 can signal the endpoints as to when (and to
which other endpoints) to supply an output video stream, and the video streams can pass
directly from endpoint to endpoint through network 96. One advantage of this
enhancement is that it decreases bandwidth for unselected video sources. Autoselector 94
may also provide bridging or translation functions as needed, and can serve as a common
connection point for the conference.

The general illustration of Figure 7 can be modified in many ways. The
autoselector may be physically located at one of the endpoints. Some endpoints may be
audio-only, or receive-only. An endpoint may also have multiple audio and/or video
sensors—in this case, the endpoint’s coder could encode multiple streams, or an additional
autoselector (such as the single-room examples above) could be used to select one output
stream for that endpoint.
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WO 02/ 49356 PCT/ US01/49900 to known vi deo and/or audio

codi ng/ conpr essi on/ packeti zation algorithns. Video autoselector 94 can
then usew®e2/as8é 0 streans (and sel ection tinme-history) tpCEESECIWhI ch
video streamto supply to each conferencing point. This function can
operate nuch |ike the single-roomexanples above, except that each

conf erenci ng [Ibe déscribyd atibodimyents aveepartidulanty snigcidoripdentkinfation @t vi deo source
than the other conferencing points are receiving. |nside autoselector 94,
a separ atgograginable dighil proeessing dystemnegl ogpeciatian digitatdignat plocesaerh  endpoi nt,
each instance keeping a selection tine-history for that endpoint. The

swi t ched dedicgie®tosthé 8abRIR1ibH Mk, 8t a dnedal-plpssk ico@puterpregitiptietd tperfohier e t he
respective coders decode themand display themon the attached displ ays.

Audi 0 canpbgutheletorthsis ok GREAcDI a @HERISRIERE 86mBder, BE aRA6 hpeR@REi Nt can
recei ve the audi o stream from each ot her endpoi nt. Operation can be

enhanced Be@uﬁﬁié@"c@-bnev\ﬁ)ﬁ%re W8 cdbecAHERSIeb BRelBhpiee STRAo@ktddAls  Processi ng
of video streans, there may be no need for the video streans to pass

t hrough &1%@2@1"& 9@&& %mg and ﬂ%@% d1§1ﬂ£éﬁ%%h%%§g%513%h€ abnsheeHentrd1e

endpoints as to whi ch ot her endpoints) to supply an out put

Vi ceo SIT &l g&mm aﬁhéﬂggl&g]gﬁa c S8R 83 corffehiBA 1d Minb/s@GRAPOI N 1 O

endpoi nt net wor vant ancenent is that it

o oo SpPat bl L NRELERLAR SIS RAMIS BRo HIQSHIAGRRAL B0 Ty al so

provi de i |ons as nee can serve as a
conmbh connecti or.the c n ae ratlon of
Figure 7 %58 183“%881%?%‘3? %eﬁls}?ﬁmccﬁél O%né’rec P%s Igpg[ r(al'terrlal A ehy5| cally
Fecel ve- G ScATEAiABBORTOR R U %w%”bé’o >
sensors-in this case, the e(%%0|nt s coder coul d encod pl e streans,

or an addiP§eshipducssp ¥idep sREBNgciRIne: gstotqungptﬁgfogeqsggﬁqv&gé | es above)

could be used to sel ect one out put .
performs video switching, to a video card, or as a networked signal to another computer.

In accordance with a programmed computer embodiment, in one aspect the
invention includes an apparatus comprising a computer-readable medium containing
computer instructions that, when executed, cause one or more processors to operate
according to a method of autoselecting a video source. For instance, in the computer
example above, the software process can be stored on magnetic or optical media, in a
semiconductor memory, or at a remote location accessible over a network.

Although specific computational methods have been included for audio scoring
and video source selection, these are merely exemplary. Those of ordinary skill in the art
will recognize upon reading this disclosure that many, many alternatives can be devised to
provide similar functionality to the disclosed embodiments. For instance, instead of
down-weighting a current video source, unselected sources can be up-weighted the longer
they remain unselected. The minimum segment length may be different for a temporary
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stream for that endpoint. 13 WD 02/49356 PCT/US01/49900 The descri bed
enbodi nents are particularly suited for inplenentation in a programabl e
digital pvroorssihig system e.g., a specialized digital siBORUS@r4e@sSoOr
dedi cated to the autosel ection task, or a general-purpose conputer
programmed to perform the autoselection task. For instance, in a

gener al - pepmesehancnpgitlarseghéne, aaddr adiffeput weighting fwction pplld belused. one or nore
sound cards connected to the conputer. The sound cards digitize the audio
si gnal s, @er migephryalidie: rdixgd tn, 28 agtitischas b geradisssduecetnn@t beosefeuteént s centr al
processing unit and attached nenory. The conputer is configured to run a
sof twar e left ogR%Serly Takcdnds.r DEREaSt fuls cah gbd bezddisadithr tmosé @hglie, cal cul at es
audi o scores, and nakes periodic video sw tching decisions according to

t he precegibmgios @66 dsiiff&bnt (i dhBhfN Ainelidhs of HOmMiRMEh it eAs fonexdhngear t of the
audi o scoring can be done on the sound card). The software process

produces @yyli e ensWirh&Yispahks tBH&br ex@hdhges thPolRing RRAAN HilAr9SRaRergr devi ce
that perforns video switching, to a video card, or as a networked signa
to anot heg, £ RKLE horfly) @ccordance with a progranmed conputer embodi ment,
in one aspect the  1nvention includes an apparatus conprising a
conput er - read i t. 2l Ml J en
execut ed, pauggkgﬁggg?g%%&%ﬁaééggggggg)t ogg?ggg%igg%gg%?ﬁ%nﬁghgﬁﬂethod of
aut osel ecld gy 2 ¥l HEOWBAULGFur {é:é)c‘h 5 ek ARGSe t!nBisEJ‘s‘?lcE?s@&&f)Sﬁed Fierg e above,
p dan be stored on nagne?lc or optica negla,

the software ocess In a

sem conduct or ry, or. at renmote..l qcation accessi bl e;aver,.a networKk.
At hough AgsiieirRul Mol soBbisdtated scoring meshods OOt cHmIoyed af Wik dctidifly [ i o

scoring andh%gﬂpgﬁsogr eeaelectiqp, hhese rehqereu. ex Ja . Those of
or di nary SRETSENERG o thedliy [EEognityy TS BPpE A Gt hg SRS GPEc osure ¢ hat
rany, nanéfmgfiftle%wi?lgtlee}/deosf tl?eaarlltoggleggrv riege(la\gné gl’l analog or pulse-code-modulated audio

stream, it could receive something else. That something else could be a periodic voice-

activity detection (VAD) signal from an endpoint that is performing its own voice activity

detection. The something else could also be, e.g., a subband-coded audio signal. In this

latter case, the audio scorer may examine the energy distribution in the subbands to

perform scoring, without having to re-create a PCM stream in order to score the audio.

One of ordinary skill in the art will recognize that the concepts taught herein can be

tailored to a particular application in many other advantageous ways. In particular, those

skilled in the art will recognize that the illustrated embodiments are but one of many

alternative implementations that will become apparent upon reading this disclosure. An

audio stream can be embedded in a video stream. The audio scorer, as well as some other

elements of an embodiment, need not be digital. A video stream need not be associated

with a traditional analog video camera, e.g., the stream could be a video camera digital

output signal, a digitally-compressed video signal, a recorded video signal, a computer-
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provide simlar functionality to the disclosed enbodi nents. For instance,
instead of down-weighting a current video source, unsel ected sources can
be up-weivpdbrd3she | onger they remain unsel ected. The nm PCTURVISOEIvENt

| ength may be different for a tenporary 14 WO 02/ 49356 PCT/ US01/ 49900
segnent than a regul ar segnent, and/or a different weighting function could
be used. geXdaREd VidbesgmapricalSach mommudifications sraehcommpassed withiniiee a certain
source must be selected at |east once every T seconds. Different rules can
al so be garvhsadakdire Md@ecRMPI @hinsieesnapd afshe daimk. as di fferent wei ghting
functions or exam nation intervals for exchanges involving one primary
speaker than fg¢ pR¥&ANGEHIInNMBIavd ax@mplatit i Altteuglr thespegifcpiakeaysefer each
speaki ng shortly. Audio scoring can also vary greatly fromsystemto

system The,fli &glbosag Rt bodomef ebuirhéie(s) @Rerd Cocutiurs, thisldoesatot r e ect i ng
| oud, transient noises such as a dropped object or a cough, but nore

sophi st | %@E&%r?ﬁ%&ﬂat@ém% reG¢Hcd 8 1RO ¥RBodSeB), lor tHantht fdturg  speech

recogni tion and speaker recognition. The input to audio scoring could al so
be sinplifj g-' g it osel ector receiving an anal og or
pulse-cod@B#% B%g§égﬁ ﬁgﬁg%&gF?ganl it could receive sonething else. That
sonet hing el se could be a periodic voice- activity detection (VAD) signal
froman endpoint that is performng its own voice activity detection. The
sonet hing el se could also be, e.g., a subband-coded audio signal. In this
| atter case, the audio scorer may exam ne the energy distribution in the
subbands to performscoring, wthout having to re-create a PCM streamin
order to score the audio. One of ordinary skill in the art will recognize
that the concepts taught herein can be tailored to a particul ar
application in many ot her advantageous ways. In particular, those skilled
inthe art will recognize that the illustrated enbodi nents are but one of
many
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alternative inplenentations that wll becone apparent upon reading this

di scl osure. An audio stream can be enbedded in a video stream The audio
scorer, awowwld3s@s some ot her elenents of an enbodi ment, POREdOMOPOODE
digital. A video stream need not be associated wth a traditional anal og
vi deo canera, e.g., the streamcould be a video canera digital output
signal, a digitally-conpressedVHAddsd C3iAgMEID, ISa recorded vi deo signal, a
conmput er 15 WD 02/ 49356 PCT/ US01/ 49900 generated video signal, etc. Such
m nor nodi fi cal.i Anauematiendengdstiag syudnhcomgrismgi nvent i on, and are intended
to fall within the scope of the clains. The precedi ng enbodi nents are
exenpl ary. Al t howghiptehadppagid, ebtabwbiaBithat Rist ohdcoi@Bpondingmidléo " anot her ",
or "sonme" enbodi nent(s) in several |ocations, this does not necessarily
mean thatgsgagh such reference is to the same enbodi ment(s), or that the
feature only applies to a single enbodinent. 16 WO 02/ 49356 PCT/ US01/ 49900

WHAT IS CLAI MED }Siudlo scORr 8dphIBBE dleuldtidl e Bn SiMid bt fer &¥B bl 8QIPr i Si ng:
mul ti pl e audio inputs, each associated with at |east one correspondi ng

video  sounGe:mafldadbR tgxcé)%i%n £ARARNE cHesfHdamsl e hh RPNz dcgvscare for
each of the audio 1nputs, the audio score for a given audi o input

corr esponging. @@, aWdhQasdndn@lvaf- €cei ved at  that input over an
exani nati on | pterva ., state nenory to store at least a partial tinme-history

of video source &gﬂe%ﬁﬂoq’)pfo sto‘?@gt least a partial time-history of video source selection;
and
switching logic to select a current video source for a given examination
interval, based on a weighted comparison for that examination interval of the audio scores
associated with each of the video sources, the comparison weighting based on the partial

time-history of video source selection.

2. The system of claim 1, wherein the system has the capability to operate in a
real-time mode wherein the switching logic selects a current video source at a point in a

video stream corresponding approximately to the end of the given examination interval.

3. The system of claim 1, wherein the system has the capability to operate in a
posterior composition mode wherein the switching logic selects a current video source at a
given temporal video switching point based on an examination interval that includes audio
input that corresponds to a point in a video stream that occurs after the video switching

point.
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switching logic to select a current video source for a given exam nation
interval, based on a weighted conparison for that exam nation interval of

t he audi ov@op#93s6 associ ated with each of the video sour cRET/UShIet9g@Npari son
wei ghti ng based on the partial time-history of video source selection. 2.
The systemof claim 1, wherein the systemhas the capability to operate in
a real-tinme rodehengsemiofcihime [ Sather hompriding ddeedveiche taacaptveled vi deo
source at a point in a video stream correspondi ng approxinmately to the end
of the gigsi@nlsdronnihsaideoBoureds eovapondhg (3 e asytistigpat indcoawitcilonewtfer ei n t he
system has the capability to operate in a posterior conposition node

wher ei n tfieseSAdcbGhirdg dnatd ddsadugsiit & raspotiserte fife cuireteaideousure: eiecton @i ven
tenporal video switching point based on an exam nation interval that

i ncl udes @eehvhidgNpgt. t hat corresponds to a point in a video streamthat
occurs after the video switching point. 17 WO 02/49356 PCT/ US01/49900 4.
The systemof claiml, further conprising a video switcher to accept video
signals fromthe video sources corresponding to the audio inputs, and to

swi tch one of 5 twésg/st\émﬁ@laﬁwr\s@m@em vile¥is6l80 RUbIRd frdin HRTARIPSE tO the
current video sourcé selection of the swtching logic. 5. The system of

claiml, ywhoe ?édanfﬁﬁﬁlg Bg%&fé{) CoindrS ogtglltes?éngpa fvfd%rbatn}f@a GiA4iRur Sources

COI’TpI’I Si ng. an a eo canera out t si gna a video canera di gl t al

out put SI%{A?'M aﬂ_l(.%ﬁ]&leésga GRPRY 6 gdreefolr&%%febqgm @J&ﬁ@ﬁgﬁd vi deo

si gnal , enerate eo si e system of claiml,
mhereln tQ% s%ﬁ %r1 HBFISGS at Ieast one netmnrk connection to receive
one of t &g " ﬂﬁﬁps froma renote | ocation.

6. The system of claim 1, wherein the system comprises at least one network

connection to receive one of the audio inputs from a remote location.

7. The system of claim 1, wherein the switching logic has the capability to select

a different current video source for each of several remote locations.

8. A method of automatically selecting a video source from among multiple

available video sources, the method comprising:

associating at least one audio source with each of the video sources;

evaluating, over an examination interval, an audio signal received from each
audio source, thereby forming an audio score for each audio source that expresses the level
of audio activity present at that audio source during the examination interval;

maintaining at least a partial time-history of video source selection;

performing a weighted comparison for the evaluation interval of the audio
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7. The systemof claim1l1, wherein the swtching |ogic has the capability to
select a different current video source for each of several renote

| ocat i onavO0 82/49356ret hod of automatically sel ecting a vi deoP€DUSER9H00M anong
mul tiple available video sources, the method conprising: associating at

| east one audi o source with each of the video sources; evaluating, over an
exani nat i sores atsecisted withrachuditte videgralrcesewhire 8d Weightme sdlasedamdheo sour ce,
thereby form ng an audio score for each audi o source that expresses the

| evel  of paatied timedddtory iof yidps ementselattionhatd audi o source during the

exam nation interval; maintaining at |least a partial time-history of video
source sel ecti onselechigy 4 ourfntgidéd sovicg bhsed on drRpatidghsaicomparidone eval uati on
interval of the audio 18 WD 02/49356 PCT/ US01/ 49900 scores associ ated

wi th each of the video sources, where the weighting is based on the parti al
time-history of video source selection; and selecting a current video

source based an Tﬁh&n%b&@ﬂ&ﬁm@%%in&ﬂ&p nfbre fﬁhﬁprf%uhfb@p&é i&eis_é’dciﬁtéﬁ, wher ei n
when nore than one audio score is associated wth a given video source,

sel ecti NGy g gival 0188d sddfce! RBAMINS [36RF FIhARIRCGLALEL s MididH % itpdhat Vi deo
source as the score for weighted conparison for that evaluation interval

10. The ﬁ&&\?\sﬂggﬁg agehgismrgfqr%%ﬁl?eid% &ﬁggﬁgﬂla& B ABCmai 0 score is

associ at a gl ven video source, ining the audi 0 scores
associated with that video source by calculating a normof those audio
scores. 11. The nmethod of claim8, wherein associating at |east one audio

source with each,, of th ideqQ sources ¢ [.SEeS_expressin h ssoci ati on
ae m matrix ¢ A% Thetarbaf ebgR Y, SRR el AR A e e RRa Mool Sour ce

and video source, gnd wherein.perform.ng a : . .
Wi%h a given vﬁeo source, com upmg {he i Sofes associated with that video source

by calculating a norm of those audio scores.

11. The method of claim 8, wherein associating at least one audio source with each
of the video sources comprises expressing the association as a matrix that indicates a
weight for each combination of audio source and video source, and wherein performing a
weighted comparison comprises, for each video source, producing a combined score by

weighting the audio scores by the corresponding weights in the matrix.

12. The method of claim 8, wherein performing a weighted comparison comprises
weighting the audio score associated with a last-selected current video source according to
a weighting function that varies according to the length of time that the last-selected

current video source has remained selected.

13. The method of claim 12, wherein when the last-selected video source remains
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wei ght ed conpari son conprises, for each video source, producing a conbined
score by weighting the audio scores by the correspondi ng weights in the
mat ri x. MO oFisséret hod of claim 8, wherein perform ng a weCDos@d9e@npari son
conprises weighting the audio score associated with a |ast-sel ected
current video source according to a weighting function that varies

accor di ngseteotet! i@ anerghdedpkridd oftinid) atrtheiveeiplabi tisedudotseate associned vithi deo
source has remai ned sel ected. 13. The nethod of claim 12, wherein when the
| ast - sel ephduict B0 fraeihalevd §Ned disreadethd/fobabilP 3BhaRCvcbEMidAP00 sel ected
for an extended period of tine, further weighting the audio score
associ at eglesteth that source by a fractional weight to decrease the
probability of that source remaining selected. 14. The nethod of claim8,
wherein form ng an audi o score conprises dividing the examnation interva
into a nunber of tenporal subwi ndows, and for each subwi ndow. determ ning

the variation jnTRAGEKEA omﬁma@;%&eﬁlifgﬂghgaﬂwdimo@m%pﬁéebmvwe and

i ncrenenting the audio score for the audi o source having the |argest

vari ati ongyafifaribf fHrervH ANH QQQM'berjo? empoful ERWARRwR and i@ R tBsubliMaowet hod

further conprising, when one of e audio sources and a correspondi ng

video source arcygl b S6RNAARCHIORE of HOMD AL ACALhEBIOR frahiie, current

vi deo source is selec recel ving e au ver a communi cati ons
net wor k, ggp notifying the renote |ocation to transmt video when its video
source has ™ been selected as the current video source. 16. The net hod of

claim8, wherein.the sele%tio. of %.cgrre t vid?P.so rge occur
mcrementmgt € audio score Tor the audio source aving € largest variation

for that subwindow.

15. The method of claim 8, the method further comprising, when one of the audio
sources and a corresponding video source are at a Jocation remote from the location where
the current video source is selected, receiving the audio signal over a communications
network, and notifying the remote location to transmit video when its video source has

been selected as the current video source.

16. The method of claim 8, wherein the selection of a current video source occurs

in real-time at approximately the end of an examination interval.

17. The method of claim 8, comprising relating the selection of a current video
source to a point in the video stream that corresponds to a time preceding the end of the

examination interval.
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inreal-time at approximately the end of an exam nation interval. 17. The
met hod of claim38, conprising relating the selection of a current video
source towa@ope3ne in the video streamthat corresponds torParwsemoprecedi ng
the end of the exanmination interval. 20 WD 02/49356 PCT/US01/49900 18. An
apparatus conprising a conputer-readabl e medi um contai ni ng conput er

i nstructions t#atn,appiretns exepisingd, conguisereadableonedivn eonspiniig Compiier

comuni cating processors to performa method of automatically selecting a
vi deo_ sousgactfonotibamhagereattd, phue a rabdsaryir enultieconsourieatisg Progesserét hod
conprising: associating at |east one audio source with each of the video
sour ces; to gatRatmdiighd dvetomaticatiy asteatiap i oiled suereadn ampngudliplesi gnal
received fromeach audio source, thereby form ng an audio score for each

audi 0 soyygRbleRateo SXRESSHE MetHoe chieprding: of audi o activity present at that
audi o source during the exam nation interval; maintaining at |east a

partial time-hi %Eé?)&ﬁétiﬁ)% atVéa@ehe 30416 6QurSobigCiac of the pided syundes,g a wei ght ed
conparison for the evaluation interval of the audio scores associated with

each of the vi deQ,giHoCo%r an\B@hEnatiBR intdV 0 niabdioisknilasetled frotach par ti al
time-history of video source selection; and selecting a current video

source baged sGifed, Hﬁx‘éﬁ?if&mi\?%jarpﬂm%%ré @dt-cadi%ud beuRP at édprsseefihedewel m 18,
wherein assoclating af | east one audio source with each of the video

sources Goupfib E&Mt%%&ﬁﬁi 14 2L B8 sARSORHAL R xARindtisHhdetval;t hat i ndicates a
wei ght for "each conbination of audi o source and vi deo source, and wherein

performng a m&g@%ﬁ%ﬁ?f@%&i@%} %ﬁ@ﬁfsﬂo?ﬁ@ﬁviée@@o&é&&lé&i&%o sour ce,

Eg??ucingda combi ne core Ighting the audio scores by the
espondi ng meﬁegflg}n%nlg A vJe%%te%Eﬁabﬁ?ison for the evaluation interval of the audio

scores associated with each of the video sources, where the weighting is based on the

partial time-history of video source selection; and

selecting a current video source based on the weighted comparison.

19. The apparatus of claim 18, wherein associating at least one audio source with
each of the video sources comprises expressing the association as a matrix that indicates a
weight for each combination of audio source and video source, and wherein performing a
weighted comparison comprises, for each video source, producing a combined score by

weighting the audio scores by the corresponding weights in the matrix.

20. The apparatus of claim 18, wherein performing a weighted comparison
comprises weighting the audio score associated with a last-selected current video source
according to a weighting function that varies according to the length of time that the last-

selected current video source has remained selected.
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20. The apparatus of claim 18, wherein performng a weighted conparison
conpri ses weighting the audi o score associated with a | ast-sel ected current
vi deo sowaee24mseording to a weighting function that variReT/a@sScioMgiong to
the length of time that the |ast- selected current video source has

remai ned sel ected. 21 WD 02/ 49356 PCT/ US01/49900 21. The apparatus of
claim 18, wherein form ng an audi o score conprises dividing the exam nation
interval into a nunber of tenporal subwi ndows, and for each subw ndow.

det er m ni ng t fee. Vigrdppadats of ¢laienldh whéreinHernduglaroawsliaquratesonhprisas gividiag

subwi ndow; and increnmenting the audio score for the audi o source having

t he | ar gethé exaatihaion datervildfitotamaimbsiudd s nneboalsutZAndosearaitpacaah sbwaddos: ai m 18,

t he net hod further conprising, when one of the audio sources and a
correspondi ng Vi @geamsng te vafifioAin éch oChE hato sigmadd durihp aox subeviddosat i on

where the current video source is selected, receiving that audi o signal
over a cganuni cations network, and notifying the renpte |location to
transmt video when its video source has been selected as the current

vi deo source. 22jhcrementing the audio score for the audio source having the largest variation

for that subwindow.

22. The apparatus of claim 18, the method further comprising, when one of the
audio sources and a corresponding video source are at a location remote from the location
where the current video source is selected, receiving that audio signal over a
communications network, and notifying the remote location to transmit video when its

video source has been selected as the current video source.
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