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Using ISDN BRI

Distance Learning using multimedia communications canbe conducted in a
point-to-point or multipoint mode. Trials were conducted at California State
University in Chico to assess the viability ofusing Integrated Services Digi­
tal Network (ISDN) Basic Rate Interface (BRI) for transmission ofvoice, data
andvideo. Aprototype multimedia bridge was developed for the multipoint
trial basedon Definity" telecommunications system technology.

Introduction
Distance Learning (DL) is an applica­

tionofmultimedia communications inwhich
an instructoris ableto teach students located
in distantclassrooms. Multimedia involves
the use ofaudio, data,graphics, and com­
pressed or uncompressed full-motion video.
DLwould allow students in remoteareas
access to teachers and courses that mightnot
otherwise be available locally. Withimprove­
ments invideo compression technology,
increasing availability ofISDN, and develop­
ment ofconferencing bridgesfor multimedia
communications, it is possible to configure
multimedia DLnetworks at a reasonable cost.

Background
Distance Learning cantake many

forms. It maybe as simple as a correspon­
dencecourse where the instructorand stu­
dents communicate exclusively throughwrit­
ten materials, or as technically advanced as a
course delivered worldwide viahigh­
bandwidth satellite communications. Depend­
ing on the sophistication of the DLsystem, the
mediainvolved mayinclude audio, video, still
and motion images, interactive graphics, and
hard copy.

Amajor disadvantage ofoptions such
as correspondence coursesor audio-only
broadcasts is the lackofinstructor"presence"
in the classroom. It is much easier forstudents
to develop rapportwitha teacher they can see,
than one they cannot. Similiarly, a teacher is
better able to gauge the class' progress or
attentiveness if he or she can see the students.

DLnetworks usingonly audio and
interactive graphicshavebeen successfully

used in rural schooldistricts in NorthDakota
and Utah.! The AT&T Scanware" software
and Overview" Scannerhavebeen used in
these networks to allow several pes to share
scannedimages, computer graphics, andfree­
hand drawings. The Overview scanneris used
to scan documents and small three­
dimensional objects and these imagescan
then be shared withother workstations using
the Scanware software, which provides the
user interface to direct the workstation
(image sharing, annotation, etc.) and to set up
and manage the network connections.

Growing interest in the use ofmotion
video forDLis beingstimulated by:
- Advances in image andvoice compression

techniques that reducethe bandwidth
requirements fora given picture andvoice
quality;

- Increasing availability ofISDN, utilizing digi­
tal telecommunications technologies in
switches, accessloops, and networks;

- Emergence ofaudio/video service stan­
dards- whichallow vendors to develop
interoperable standard products and;

- The expected efficiency ofusingvideo as
part ofa multimedia conference.

While video networks operating at
45megabits per second (Mb/s) provide high­
quality video, the cost is high compared with
an ISDN BRI lineoperating at a totalof128 kilo­
bits per second (kb/s) on its two bearer chan­
nels. BRI is the fundamental unitofaccessto
the ISDN network and supplies two 64kb/s
Bchannels alongwith a 16kb/s D-channel for
out-of-band signaling andX.25 data. The cost
is expected to dropfurther with deployment
ofNational ISDN. 3
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Trial Participants
AT&T worked together withPacific Bell, Califor­

niaStateUniversity at Chico (CSUC), and the Chico pub­
lic schoolsystemto triala DLnetwork usingISDN rate
video, audio, stillimagesand interactive graphics. The
trial'sprimarygoalwas to assess the feasibility ofusing
the relatively lowbandwidth of ISDN BRI lines to carry all
the mediabetweenthe instructorand the classrooms.

The Communications DesignDepartmentof
CSUC is nationally known for its expertisein instructional
technology. CSUC operates a distancetrainingnetwork
based on satellite and microwave links. Use ofISDN­
based linksoffers the promiseofdrastically reducingnet­
workoperating costs. Fairview HighSchool in Chico,
California, agreed to participate because of its interest in
developing innovative approaches to instructional deliv­
ery. In addition, the schoolis interested in identifying
changes to the mathematics curriculum that mightbe
recommended to the California StateEducation
Department's Mathematics Curriculum Committee.

Pacific Bell shares an interest withAT&T Net-
. workSystemsin encouraging use of ISDN: Pacific Bell as

a serviceprovider andAT&T Network Systemsas an
equipmentprovider. Network Systems'Strategy and
MarketDevelopment, the Switching U.S. CustomerBusi­
ness Unit, and the Pacific Regional MarketingTeam
organizations were also involved in the trial. AT&T Glo­
bal BusinessCommunications Systemsprovided work­
station software, whichwasbased on an extension ofthe
AT&T Scanware conferencing software. It alsosupplied
the multimedia bridge,which wasbased on Definity
telecommunications systemtechnology.

DL Trial Description
The DLTrialwas divided into severalparts.

Phase I involved a point-to-point trialbetweentwo loca­
tions. In the point-to-point configuration, the instructor,
located at the CSUC campus, taught a singlescienceclass
to Fairview Highstudents across town for a one-week
periodin May1991.

Phase II,whichwas a demonstration of inter­
local access transport area connectivity, consistedofa
seminardelivered fromthe Chico campusto the Califor­
nia Polytechnic State University campusin SanLuis
Obispo inAugust1991. Phase III involved the use of
consumer-premises and network-based bridgingequip­
ment to accommodate simultaneous instruction to three
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Panel 1 Abbreviations, Acronyms and Terms in This Paper

ARC - Audiographic Remote Controller
ASAI - Adjunct Switch Application Interface
BRI - BasicRate Interface
CLI - Compression LabsInc.
CSUC - California State University at Chico
DL- Distance Learning
ISDN - IntegratedServices Digital Network
MMCB - Multi MediaConferencing Bridge
TA- Terminal Adaptors

fifth-grade scienceclasses in Chico in May 1992. The
results ofPhase IIIwill be reported in a jointly authored
AT&T and Pacific Bell report,which wasnot available at
the time ofthis publication.

Description of the Point·to-Point Trial. Figure1
showsthe configuration for one ofthe endpoint work­
stations. There are twotypes ofendpoints: the confer­
ence controlleror teacher and the participants or stu­
dents in the remote classrooms. The equipment used at
each typeofendpoint wassimilar, but not identical,
becauseof the special requirementsofthe instructor.
The equipmentused included:
- AnAT&T 6386 personalcomputer (rc) with color

monitor and VGA card.
- A PC/ISDN platform card and supporting software to

provide the communications linkbetweenthe PCand
the CSUC 5ESS® Switch.

- AnOverview overhead scannerand scanner interface
card whichwasused to scan objects and drawings and
to scan student answers to the instructor'squestions.

- Alaser disk playerwhich wasused to showpre­
recordedvideo clips.

- Anauto-focus, fixed-placement video camerawhich
capturedlive picturesofthe students in the classroom.

- Alarge-screen video monitor placed at the frontofthe
classroom to display video outputeither fromthe
codecor the laser disk player.

- Avideo codecto processvideo signals received from
the local video camera. This was a Compression Labs
Inc. (CLI) Rembrandt 1I/06® video codecconfigured to
operateat 128 kb/s. (Rembrandt 11/06 is a registered
trademarkofCLI.)

- AnAscend Multiband" ISDN Terminal Adapter (TA)
connected to the ISDN BRI lineto provide a V.35 data
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interlaceto the codec. (InPhase I, the video callwas
manually initiated by keying in the far-end telephone
numberon the TA keypad.) .

- Microphones that allowed students to speak to the
instructorat anytime.

- Speakersthat provided audio from the remotesending
station.

- Avideo source switch that controlled signals displayed
on the video monitor.

- Echocancellers, and other ISDN equipment, including
powersupply, cords,and ISDN phonesto supportcon­
nections for two BRI lines.

The PCs ran an enhancedversion ofthe AT&T
Scanware conferencing software. This software used a
BRI lineconnected to the AT&T PC ISDN card to callthe
remoterc. Oncethe connection wasmade, the imagesof

objects scannedbythe Overview scannercould be trans­
mitted to the far end. In this manner, the instructor could
display slideshows, preparedin advance, on the PC mon­
itor. Adrawing tabletallowed the instructor to annotate
the shared imagesand anAudiographic remotecon­
troller, a handheldinfrared transmittersimilar to a video
cassette recorder remotecontroller, allowed the instruc­
tor to control the Scanware application without usingthe
keyboard.

Alaser diskplayerat each location wasused to
provide high-quality, pre-recorded video. Since video
from the playerdidnot pass through the video codec,
the instructional laser diskscould be viewed without any
lossofimage quality. In addition to commercial disks,
custom-produced diskson special topics werealso used
duringthe Phase I trial. The Scanware application
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Figure 2. In Phase III
of the trial, three
instructors took turns
teaching their own
and two remote
classes. Support was
coordinated from
separate facilities
linked through Pacific
Bell's Chico, Califor­
nia, central office
5ESS® switch. Data
conferencing was
handled by the Data
Bridge/Adjunct
Switch Application
Interface (ASAI)
server located in the
CSUC campus library.
The video confer­
encing was provided
by a Multi Media Con­
ferencing Bridge
(MMCB) prototype at
the AT&T office in
nearby San Ramon
and accessed through
Pacific Bell's 5ESS
Optical Remote
ModUle (also in San
Ramon) via 56 k/bs
switched digital
services.

allowed the instructor to control which sequenceof
video should be viewed as part ofthe prepared slide
show. APC-controlled video switch wasused to select
either the laser diskvideo or the codecvideo for display
to the class. The codecvideo wastransmitted overa
second BRI line.

Description of the Multipoint Trial. The PhaseI
andII trialsinvolved point-to-point configurations. How­
ever, in PhaseIII, studentsin three separate classrooms
wereableto communicate with the instructor. In this
trial, the classroom teacherseach tooka turn as lead
teacherfor their and two other fifth-grade classes. A
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multimedia bridgewasneededfor this multipoint voice,
video and dataconference, just as an audio-conferencing
bridge is requiredfor multiple partiesto participate in a
voice conference.

The multimedia bridge'sfunctions are different
from an audio bridgein that incoming video cannotsim­
ply be combined and directed backto eachendpoint.
Instead, the multimedia bridgemust selectwhich individ­
ual video streamshouldbe sent to each party. This can
bedonein several ways. Oneis to allow the parties at
each endpoint to choosewhich other endpoint they wish
toview. Another is to broadcast the video from oneend­
point to allothers.Athird approach is to reformat all
incoming video streamsand present them inwindows on
the samescreen,so that each endpoint can see allthe
otherendpoints at alltimes.

In the DL trial, the teacher controlled the session
from the instructor's workstation. Ordinarily, the
Phase IIImultimedia bridgewould carrythe instructor's
video to the classrooms, while he or she can choose
which classroom to monitor. The instructor could also
select one classroom as the broadcastsource.

Adifferent selection strategymaybe desirable
for applications other than DL. For example, in a business
meeting, the partycurrently speaking loudestcould be
the one broadcastto the other sites. Onthe other hand,
the roleofthe broadcaster could be fixed at the begin­
ning ofa formal presentation.

In addition to video, the multimedia bridgealso
bridgesthe datastreamsfrom the PC workstations. The
strategy selected for the Phase IIItrialwasto send to
eachendpoint the interleaved sumofthe dataarriving
from each ofthe other endpoints. Eachendpoint's data
application mustcooperate with the others so that only
oneis transmitting at a time. This canbe doneverysim­
ply by having eachendpoint wait forthe datachannel to
be idlebeforetransmitting.

Naturally, audio mustalsobe bridgedandthis
canbe handledin a conventional manner. The voice con­
ferencing feature available through the Definity telecom­
munications systemwasused in the DL trials.

The Multipoint Trial Bridge
The Phase IIItrialinvolved three classrooms in

the DL network, with the originating teacher instructing
the students in his local classroom and two remoteclass­
rooms. The key additions to the equipment configuration

werea MultiMedia Conferencing Bridge (MMCB) proto­
type and a DataBridge/Adjunct Switch Application Inter­
face (ASAI) servershown in Figure 2.The MMCB is a
Definity telecommunications system-based bridgethat
linksaudio andvideo streamsfrom the endpoints. The
databridgeprovides bridging forthe datastreamsand
also provides a gateway intothe MMCB call set-up and
video broadcaster selection functions. Call set-up andcon­
trolcommands passfrom an endpoint's workstation to the
databridgeand then to the MMCB viathe ASAI call control
interface. This interface is an extension ofD-ehannel sig­
naling and is provided on the Definity Gl system.

The MMCB respondsto call setupcommands
issuedviathe ASAI connection from the databridge.
These commands initiate the calls to the three endpoints
forvideo, audio, and data. In addition, the instructor is
ableto selectthe broadcastorigin and the viewed parties
throughthis interface.

The DataBridge/ASAI Serverused in the trial
wasanAT&T 6386 WGS PC running onthe UNIX® system
andSimultask", (Simultask is a trademark ofPhoenix
Technologies Limited.) Using anAT&T PC/ISDN card,
the databridgeconnected viaa BRI D-channel to the
MMCB ASAI linkforcallcontrol functions. BRI B-ehannels
wereused to carrybridged datastreamsfrom the Scan­
ware application running on the endpoint PCs.

Asin Phase I, each endpoint wasequipped with
a PC workstation that provided the interactive graphics
andstill-image sharingapplication. In addition, the work­
station also controlled callsetupforthe data, voice, and
video connections. The Scanware application was modi­
fied to run as a Windows 3.0® application andallthe call­
control functions wereprovided ina window separate
from the data-sharing window. (Windows is a trademark
ofMicrosoft Corporation.)

Overall, the capabilities ofthe PhaseIIIDL net­
workweresimilar to PhasesI and II,exceptthat the
instructor wasableto workwith three classes.

A Multipoint DL Scenario
Asan example, consider the setup involved ina

multipoint call. Atotal ofthree or fourcalls are involved:
- a datacallto/from the databridgeforcontrol anddata

conferencing,
- an audio callto/from the bridge, and
- one or two B-channel datacalls to/from the bridge

forvideo.
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The instructorestablishes the call usingthe
call setup application on the PCto selectthe partiesto be
called froma list. Then, the PC calls the DataBridge/ASAI
server.The instructor's PC passes the selectedlistof
namesand numbers to the databridge. Through the ASAI
link, the databridge instructsthe MMCB to establish the
audio conference, the video conference and the datacon­
ference. For a video conference, there maybe one call
for 56/64kb/s video or two calls for 112/128 kb/s video.

Oncethe callhas been established, the instruc­
tor can choosethe broadcastsite andwhich site he or
she will view. Usingthe graphics-sharing application,
preparedslideshowscan be shown on the monitor at all
sites,material can be scannedand sent to allsites,and
the laser diskplayers at each site canbe controlled by
the instructor.

Conclusions
Phase I ofthe trialwasevaluated by directobser­

vation, reviewing video tapes ofthe classes, interviewing
the participants, and reviewing written comments from
the participants. Basedon this evaluation, the following
wasconcluded:
- Audio quality isveryimportant. Even though the

video, stillimage, and graphicsmedia are available,
the overall perception ofthe service is greatlyaffected
by the quality ofthe voice communications.

- For DLapplications, the ISDN bandwidth of112/128
kb/s delivers adequate real-time video quality. Video
is used primarily to establish the instructor's"pres­
ence"in the classroom andto monitor student reac­
tions. Detailed graphical material is shared usingthe
graphics-sharing application.

- Animated graphics (i.e., data),audio, and two-way
video are effective ways to instructstudents in
remoteclasses.

- Whenit becomes available, an evaluation ofPhase III
shouldprovide technical and marketing information,
including the utility ofmultipoint video in the DLenvi­
ronment; the requirements for instructorand class­
roomworkstation conference control; bridgefeatures
and networking requirements; and operations, admin­
istration, and maintenance considerations.
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