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ABSTRACT

SSCdetectorgroupsare likely to havethousandsof participantsfrom
around the world, including physicists,students,engineers,technicians,
programmers,andother associatedstaff. Communicationneedsamongthese
peoplewill increaseas thenumberof peopleincrease.At the sametime,
bringing thesepeopletogetherfor meetingswill becomemoredifficult, to the
point of practicalimpossibilityexcepton infrequentoccasions.E-mail andthe
telephonecan addresssomeof theneeds,but visual contactis often essential,
particularlyto presentdata,graphs,andso on. Teleconferencingby which we
meanvideo, throughoutis a practicalandeffectiveapproachto a solution
usingpresently-availabletechnology,andwill becomemoreeffective asthe
technologyimproves. Expendituresin supportof teleconferencingwill result
in a netgain in efficiencyand,at thesametime,a netdrop in overall lab costs.

I. Introduction

We discussbelow our vision of theusesof teleconferencingin a modern
largehigh energyphysicscollaboration.

We haveexaminedsome of the teleconferencingequipmentcurrently
available to determinea minimum setof requirements. The particular
systemexaminedwas manufacturedby TechnicalConceptsCorporationof
Austin. We give a brief descriptionof theft equipmentand supervisory
softwarein order to set thestagefor availability. We discussthe minimum
requirementswhich we feel anypracticalsystemshouldsatisfy. Finally, we
discussestimatedcosts,including a roughprojectionup to the time of turn
on.

II. UsesFor Teleconferencing

a GeneralCollaborationMeetings

We envision that themost dramaticneedcomesfrom large-scale
meetings. It costsroughly $1000perpersonto attendaone- or two-day
experimentmeeting. In additionthereis a largeloss of physicists’ time and
efficiency dueto the time requiredto travel, thedifficulties of arrangingfor



the travel and of travelling, and theexhaustionresultingfrom the effort and
thejet-lag when time zonesarecrossed. Due to thecostsanddifficulties
involved,mostcollaborationmemberswill be unableto attendsuch
meetingsregularly; thereforesomeof theutility is lost. Finally, finding a
largeenoughmeetinghall andarrangingall thesupport for a largemeeting
rental cars,hotels, refreshments,sparetransparencies,etc. placesa
formidableload effort andexpenseon thehostinstitution.

With teleconferencingsites at a numberof key points,no one will have
to travel excessivelyfar to attenda collaborationmeeting. The logistics of
settingup a multiple-point teleconferenceappeareasilymanaged.Attendees
at eachstudiowill be ableto follow theslide presentationin color andto
respondverballyand visually to thespeaker.With the useof certain
equipmentto bediscussedin thenextsection,individualsat remotesites can
"draW’ on a screen.

b Sub-GroupMeetings

A teleconferencingfacility can makeit feasibleto havemorefrequent
meetingsand therebyimprove communication. It thereforealsobecomes
feasibleto hold smallermeetingsof subsetsof the collaboration. For example,
theengineersworking on a particularcomponentcould meetweekly with
eachother and/orwith thephysicists.

c SpontaneousMeetings

Finally, it appearslikely that spur-of-the-momentmeetingsbetween
small groupsof individuals e.g., one-on-onecould be held. Such meetings
could approximatethe interactionbetweenpeopleworking in the same
building or nearbybuildings. This permits rapid turnaroundof engineering
or physicsor other technicalchangesin a real-timeinteractivemode. Given
sufficienteaseof use,this type of activity might turnout to be themost
frequentuseof teleconferencingstudiosat thosesiteswith a largenumberof
workers,suchas theSSC site.

III. TechnicalConceptsEquipment

We describetheequipmentwhich TechnicalConceptsCorp. TCC at
Austin manufacturesfor teleconferencing.This is not necessarilythe sameas
what is availablefrom othermanufacturers,but it is representativeand
might be thebestavailableat thepresenttime.

We assumethat the primary needfor video communicationis to
transmitvisual information in the form of slides transparenciesor pictures
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on hard copy. Traditional lecturesusing blackboardscan alsobe
accommodated.Furtherwe assumethat a live presentationand interactive
discussionaccompaniesthevisual information. Otherwiseone could be
satisfiedby FAX or evenpostal transmissions.

TheTCC systemindudes,at eachsite:

1 A camerato showslidespresentedat thesite;

2 Camerasto showthespeakeror theaudienceor a questioner;

3 Video monitors to display theslide plus either thespeakeror his
audienceor a questioner;

4 A high quality audiosystem. It suppressesbackgroundnoisebut
picks up thespeakerandany questioner;

5 A meansto control the active camerasand the active microphones
preferablythis is as automaticaspossible;

6 A meansto transmitthe signalsbetweensites. This must include a
multipoint capability.

7 A PC to do datacompactionand variouscontrol operations.

In addition, the TCC systemincludesa meansto record a high-resolution
picture of a slide and freezeit on onemonitor. Peopleat oneor moresites
havethe capability to "draW’ on thepicture in different colors in "John
Madden"style using a hand-heldstylusto causelines to appear,allowing an
interactivediscussionof featuresshownon the slide. It is notdearwhether
or not this will proveextremelyuseful in a high energyphysicscontext,but
engineersdiscussingcircuit diagramsor otherdrawingsmay find it essential.
The value of this capabilitywill dependon its easeof use.

TCC addressestheseneedswith a systemof four videocameras,two
monitors,and a sophisticatedaudio system.

Presentationof theslidecan be done severaldifferentways. Oneof the
TCC camerasis a documentcamera,mountedabovea flat surfaceand
pointing down. This camerahasthe high-resolution"freeze-frame"
capability,but can alsobe usedto showmotion. Alternately,onecould
mount a camerain someconvenientplaceto view a screen. In this approach,
thespeakershowshis slidesandgiveshis talk to the local audiencein a
normal fashion.

In either case,therewould normally be onemonitor dedicatedto the
slide beingshown. The speaker’sfinger or pointerwill showup on the
monitor as he pointsto various featuresof theslide exceptin freeze-frame
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mode. The secondmonitor usuallydisplaystheaudienceat a remotesite. In
thecaseof morethanoneremotesite somealgorithm needsto be setup to
decidewhich one to show. if someoneremoteis askinga question,it would
be mostnatural to showthat person. Alternately, the secondmonitor could
showthe speaker’sfaceif no questionis beingasked. However,this is oniy
practicalif thespeaker’ssite is fully lit, so that he is using thedocument
camerato showhis slidesrather thanan overheadprojectorwith a screen.

The peopleat a remotesite can view any givensetof cameras,controlled
eitherby themselvesor by somedesignatedpersonat onesite. if thehigh-
resolution freeze-framefeature is in use,onemonitor would normally show
that picture.

The TCC audiosystemis rathersophisticated.It usesecho-cancellation,
which meansthat it "memorizes"thepatternof echoesin a room and
compensatesfor significantchangessuchaspeopleenteringor leaving. An
excellentaudio systemis essential,so that peoplecan askquestionsfrom a
remotesite andbe heardeverywhere. This implies somemechanismto
decidewhich site will "get the mid’. This mechanismmight simply choose
that voice which is loudest,the option currently available. This algorithm
hasits obviousadvantagesanddrawbacks,andit may benecessaryto tune it
or to allow manualcontrol from a central site.

The TCC systemcan be controlledby their ‘Pen Pal" device,which
includesanelectronic"pen" to point at a control tabletand chooseoptions.
Theseoptionsinclude cameracontrol suchas panleft or right, up or down,
and zoomin or outonly one site can havecontrol of this at a time. One can
also choosewhich camerasare displayedon themonitors. Finally, this Pen
Pal is thedevicewhich is usedto "draw’ on the freeze-framepictures
mentionedabove.

Finally, aspeaker’s"slides" can alsobe storedbeforehandon the PC’s
disk. Thenthey canbe recalledby thespeakerin "freeze-frame"styleduring
his talk. Using thePenPal, thespeakercanpoint to different partsof the
slide, "thaw’ on it, etc. This allows eachslide to be seenin high resolution,
andall siteshaveequalability to view theslide.

Transmissionbetweensitescan be accomplishedin severalways,
dependingon thebandwidth required. Thevideoandaudio dataare
digitized andcompactedto takemaximumadvantageof availablebandwidth.
For the videoportion the compactionmeansthat picture elementswhich
havenot changedsincethe last framearesuppressed.Additional compaction
is alsopossible,dependingon thealgorithmchosenandthe speedof theCPU
doing thework. The algorithmis constantlybeing improved,andCPU
speedsarelikewise improving. New productsavailablelater this year
provide improvedvideo fidelity at low framespeeds.Thereforewe can
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expectframeratesandresolutionsachievablewith a givenbandwidthto
improve, althoughit is not clearhow substantialthis improvementwill be
beforehigh definition TV discussedbelow becomesavailable.

For a two-point conference,it appearsfeasibleto multiplex two 56-kbyte
phonelines for transmissionin both directions. This makesit relatively
simpleto connectandyields acceptableaudio,framerates,andvideo
resolutionwith present-daytechnology. Onecan also "packet-share"an
existing TI or other computerdatalink, if available.

Commercialfull-motion televisionhasa framerate of 32 frames/s.With
lower frame ratesthe motionbecomesjerky or "fuzzed",dependingon the
compactionalgorithm. However,this is acceptablefor most teleconferencing
needs,up to a point of course. For simpleslide viewing with little or no
motion very slow ratesareacceptable.However,a speakermotioning to a
point on theslide needsto haveconfidencethat his motion will be recorded.
Also, whena questionis askedor a point raised,frequenthand motionsare
often desirablethough perhapsnot essential. Theserequirementsset lower
limits on the acceptablebandwidth.

The TCC systemallowsany onecamerato be VCR recordedat any site.
This can prove useful in recordingtelevisedmeetingsor presentations.
However,it is notdearhow well that works in practice,sinceit might be
difficult to follow any questionsandanswerswhich involve the useof
different cameras. A humancontrollerwho switchedthe recordingcamera
from showingthe slide to showingthe questionermight help,but then the
peopleat themeetingwill havedifficulty following what is being done. Most
likely, theonly practicalapproachwould be to recordtheslidesplus theaudio
only. This would give themain part of thepresentations.

SomesystemsTCC did not demonstratethis capabilityprovidefor
cameraswhich automaticallypanto a speakerin a room. This would allow a
personaskinga questionto be shownon the monitors. Thoughdesirable,
this maybe a costwhich someor all of thesitesmay not want to bear.

The TCC systemprovidesfor communicationfor multi-point
conferencesvia Digital Video BranchExchangesDVBXs. Eachsuch
exchangeis a centralnodelinking up to 14 sites. Oneor moreof these"sites"
canbe anotherDVBX, allowing additionalsites. Any subsetof the sitescan
hold a teleconference,which can be simultaneouswith other conferences
beingheld by other,disjoint, subsets.Theonly requirementis that the
bandwidthslinking eachmemberof a subsetbe thesame.

The resolutionon thefreezeframedisplay is adequatefor 12-pt type to be
read,with about3/4 of astandardsheetof paperbeingvisible. In non-freeze
framemode,this resolutiondecreasesto about18 pt. This is adequatefor
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mostpurposes,but an improvementis desirable. In the future, HDTV High
Definition TV will becomeavailable,and this may becomea needin order to
improvethe resolutionof the slides. However,HDTV will requirevery large
bandwidthsdependingon the datacompactionalgorithms,and so it may
not be practicalfor someyears. Onemustalso considerhow to connect
HDTV sites with non-HDTV sites.

W. Requirements

In order to satisfy theusesdescribedin SectionII, we haveidentified the
following minimum requirements:

1 A framespeednot lessthan 5-10 frames/s. Someusesmay require
more;

2 Superioraudio, including multiple microphonesat eachsite;

3 Easeof usesufficient to permit untrainedpeopleto conducta video
meetingafter a few minutesinstruction;

4 Scalability from two-point conferencesup to two or threedozen-
point conferences.This implies one or more DVBXs or equivalent.

5 Enoughlinked sites within thenext two years that any collaboration
numbercan attenda shortmeetingwithout having to stay
overnightawayfrom home. This restricts the distancetravelled to
roughly a one-hourflight. In particular, locationscontaininga large
numberof workersphysicistsplus engineersand technicians
shouldhavehigh priority for obtaininga studio. Assumingthat
the costof the technologywill decrease,moreandmoresites should
be linked;

6 Eachsite will needa minimum of two cameras,including oneto
display slides,plus two video monitorsand multiple microphones
asin 2. A PC anda controllersuchasthePenPal is alsorequired;

7 Site designshouldanticipatehardwareimprovements,suchas the
eventualpossibleuseof HDTV and/orbandwidthupgrades.This
implies that someequipmentmay be replacedat various times.

It appearslikely thattwo 56-kbytephonelines connectingeachsite will
satisfy theminimum bandwidthrequirementsimplied by this list, at least
within the continentalU.S. Connectionto foreign sites may involve
satellitesor transoceaniccableswhich arecostly. However,it seemsclear that
foreign collaboratorson an experimentwill find theseconnections
indispensable,and thecostwill haveto be borne.
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V. Costs
A reasonablyequippedstudiocosts approximately$60K today. In

addition,thereis thecost of the two 56-kbytedial-up lines. This costincludes
someequipment,but theprimary cost is usage. A reasonableestimateof this
costis approximately$4K/month/site. Finally, supportwill beneeded. This
will takethe form of troubleshooting,consulting,arranging,andpossibly
otherforms of support. For example,it may be necessaryto employ
personnelto managecontrol the audioand video for multi-point
conferences.Theseneedswill be determinedby experience.For now, we
assumeaboutoneFTE/10sites.

Someof thecostsmay be coveredby othersources. ESnetmight pick up
someof the line phone charges. Participatinguniversitiesmight pick up
someof thecharges.In particular,if a givensite usestheequipmentfor non
SSC-relatedconferencingin additionto SSC-relatedconferencing,it is
reasonableto stipulatethat at least1/2 theirsite costs will be boneby them.
We assumehere conservativelythat the SSC will buy all of the equipment
usedby SSC collaborations,but that an increasingfractionof the line costs
will be borneby othersources, as teleconferencingbecomesmorepopular. if
other sourcespay in additionsomefraction of theequipmentcostsasseems
likely, this can be translatedinto extrasites.

PhysicsResearchDivision may not needto pay all the SSC costs.
Although PhysicsResearchDivision will likely have thebulk of the lab-wide
needs,MagnetDivision will certainlyhaveneedfor teleconferencing,and
other divisionsmay haveneedsas well. In what follows, we assumethat
someof the supportcostsaremet outsidePhysicsResearchDivision.

Finally, it is conceivablethat funding from the Stateof Texascould
becomeavailablefor this purpose. We will not for the presentpurposes
assumethat suchfunding is available.

Our funding modelfor FY91 andFY92 is given in Table I.

TableI
PRDTeleconferencingCostsfor the Initial SetupPeriod

FY91 FY92
Studiospurchasedin FY 15 15
Total costto purchase $900,000 $900,000
Dial-up line costs $ 300,000 $ 600,000
Supportpersonnelcosts $200,000 $200,000

Total Cost 1.4 M$ 1.7 M$
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BeyondFY92 we shouldanticipatehardwareand bandwidthupgrades.
For example,HDTV may becomedesirable,aswell asan upgradeof thePC
andsomeof theotherequipment. The HDTV is aptto be expensivewhen
first available. However,thePC shouldbe evencheaperthanat present.

We assumethat theHDTV upgradewill not be doneuntil its equipment
cost is comparableto thepresent-daycostfor anew studio. HDTV will
requireconsiderablymoreexpensiveline connections.However,we will
guessthat technologicaladvanceswill keepline costsunder$100K per siteper
yearon average.We will assumethat this upgradeoccursaroundFY95. In
theabsenceof HDTV, bandwidthupgradeswill still be desirable,especiallyif
technologicaladvancessucceedin keepingthecostdown. The estimatedtotal
costsfor this periodaregiven in Table II. Thecosts listed aretheestimated
total costs for theperiodgiven, not theannualcosts. We do thisbecausewe
cannotbe surein whichyears the HDTV upgradeswill occur, for example.
if an HDTV upgradeis not effected,thehardwarecostsshouldbe aroundthe
lower endof the range,sinceotherupgradesshouldbe less expensive.

TableII
EstimatedP1W TeleconferencingCostsfor Periodup to Turn-on

Costsin Millions of FY90 Dollars
FY93-95 FY96-00

Averagenumberof studios 50 50-80
Total hardwarecosts $ 2-3 $ 2-5
Total line costs $ 3-5 $ 5-10
Total supportcost $ 1-2 $ 3-5

TableH alsogivesour projectionsfor FY96-FYOO, at which point we
assumethat data-takinghascommenced.Obviously thereare many
uncertainties,so we give a rangeof costs. For this period, we assumethe
equipmentcostswill get cheaperwith time andprobablyhaveenhanced
capability,andthatregularupgradeswill againbe performed.

For Table II we againassumethatpart of the costs areboneby the
remotesites. The uncertaintiesstempartly from theuncertaintyin this
factor.

VI Conclusions

We concludethat a teleconferencingcapability is essential,andthat
major stepstoward establishingthis capability for theSSC detector
collaborationsshouldbe undertakenthis year. As experienceis gainedwith
the teststudio at the SSCandthe requirementsbecomemore clear,additional
studiosshouldbe established,at least in thecontinentalU. S. It is anticipated
that at least15 andprobablyasmanyas30 suchsiteswill be necessaryto satisfy
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requirement5 abovein a reasonableway in thenext two years. Thesesites
will haveto satisfythe simultaneousneedsof as many as four major
collaborations. It may be, therefore,thatsomesiteswill needmorethanone
studio. It seemslikely thatthreeor four suchstudiosat the SSC will be
neededfor this purposeon thesametime scale. rf, in addition,Magnet
Division and AcceleratorDivision make extensiveuseof teleconferencing,
evenmorestudiosmay be necessary.

For the future, teleconferencingpromisesto becomeas necessaryas
photocopyingandFAXing. Adequatefunds shouldbe planned. This
expenditurewill resultin a netgain in efficiencyanda net decreasein costs,
sincepeoplewill havelessneedto travel.
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