DECspi n: A Networked Desktop Vi deoconferencing Application

1 Abstract

The Sound Picture Information Networks (SPIN) technology that is part

of the DECspin Version 1.0 product takes digitized audio and video from
desktop conmputers and distributes this data over a network to formreal -
time conferences. SPIN uses standard | ocal and wi de area data networKks,
adjusting to the various |latency and bandwi dth differences, and does not
require a dedi cated bandwi dth allocation. A high-level SPIN protoco
was devel oped to synchroni ze audi o and video data and thus alleviate
network congestion. SPIN performance on Digital's hardware and software
platforns results in sound and pictures suitable for carrying on persona
comuni cations over a data network. The Society of Technical Communication
chose the DECspin Version 1.0 application as a first-place recipient of the
Di sti ngui shed Techni cal Comruni cation Award in 1992.

2 Introduction

In late 1990, we began to design a software product that would all ow
peopl e to see and hear one another fromtheir desktop computers. The
resulting DECspin Version 1.0 application takes digitized audi o and

video data fromtwo to eight desktops and distributes this data over a
network to formreal-tine conferences. The product nanme represents the
four maj or comunication elements that unite into one cohesive desktop
application, nanmely, sound, picture, information, and networks. The
overall technology is referred to as SPIN. This paper first presents an

i ntroduction to conferencing and gives a brief overview of the framework on
whi ch SPIN was devel oped. The paper then details SPIN s graphical user

i nterface. Although the high-level protocol (which is the application

| ayer of the International Organization for Standardizati on/ Open Systens

I nterconnection [ISOOCSI] nodel) that SPIN uses to synchronize distributed
audi o and video is proprietary, a general discussion of how SPIN uses
standard data networks for conferencing is presented. Performance data

for DECspin Version 1.0 running on a DECstation 5000 Model 200 workstation
wi th DECvi deo and DECaudi o hardware follows the discussion of network
considerations. Finally, the paper sumrarizes the future direction of
deskt op conferencing.

3 Introduction to Conferencing

When the SPIN project started, standal one tel econferencing products

were avail abl e but not for desktop computers. Typically, the products

of fered cost as much as $150, 000, required schedul ed conference roons

and operators, and needed | eased tel ephone |ines. These systens did not
operate as part of a corporate conputer data network but instead required
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dedi cated, switched 56-kil obit-per-second (kb/s), T1 (1.5-nmegabit-per-
second [Mo/s]), and T3 (45-Md/s) public tel ephone conponents in order

to operate. Originally designed as two-way conference units, these

tel econferenci ng products later included hardware to multiplex severa
equal | y equi pped systens. In addition, the enhanced systens included custom
logic to inplement a hardware conpressor/deconpressor (codec) that reduced
digital video data rates sufficiently to use | eased tel ephone |ines.

During the | ast several years, other conferencing systens have been
denonstrat ed. The Pandora research project by Oivetti Research resulted in
an excel l ent desk-to-desk conferencing system Although the Pandora system
was expensive per user and did not use existing network protocols, it did
prove the viability of using a digital conferencing systemfrom one's

of fice and denpnstrated the natural progression fromroom conferencing

to office conferencing. This system served as a good exanple for our own
ener gi ng deskt op nodel, DECspin Version 1.0.

Throughout this sane period, several conpression standards suitable for

vi deo capture and pl ayback have evol ved and been inpl enented. The Joint
Phot ogr aphi ¢ Experts Group (JPEG industry-standard algorithmresults in

i ntraframe conpression of frames of high-quality video (on the order of 25
to 1).[1,2] This algorithmis well suited for either single-frame capture
or notion-frame capture of video information. This form of conpression is
nost appropriate for real-tinme video capture and pl ayback where |low (i.e.
frame-by-frane) latency is required.

The Mdtion Picture Experts G oup (MPEG standard results in interfranme
conpression of motion video.[3] This algorithmis well suited for notion-
frame capture of video because only the differences between successive
frames are stored. Interframe conpression is appropriate for video capture
and pl ayback where real-tine low |l atency is not required.

The H. 261 standard results in interframe conpression of notion video
that is npst responsive to the demands placed on capturing |live video
for dissemination over |ow bandw dth public tel ephone networks.[4] This
conpression is suitable for video capture and playback with reasonabl e
latency but is not quite real-tine in nature. H 261 is the standard used
nost in the tel econferencing systens on the nmarket today.

Finally, the l|ast few years have al so witnessed the enmergence of dramatic
new base conputer and network technol ogi es. Reduced instruction set
conmput er (RI SC)-based workstations supply the needed processi ng power and
I/ O bandwi dth to process |arge and conti nuous amounts of data, and fiber
distributed data interface (FDDI) technology results in 100-Md/s |local area
networks for the desktop. Consequently, the SPIN devel opment project got
under way to provide a novel and innovative software application that could
t ake advantage of the powerful new systems and networKks.
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4 Overview of Underlying Hardware and Software

We canme up with the SPIN project in response to the question: How can
we comuni cate easily with graphics, video, and audio on the desktop as
wel | as over both | ocal and w de geographical area networks? Video hel p
docunent ati on, textual help, and audio help are used on the desktop to
comuni cat e how the application works. Sound, picture, graphics, and
network el enents are all woven together to provide better communication
anong conference partici pants.

Early in 1991, we received our first prototype of the DECvi deo TURBOchanne
frame buffer, which included the necessary hardware to i nput and capture
an anal og video signal, to digitize the signal, and to display the

pi xel information on the screen. The frane buffer was special in that

it displayed 8-bit pseudocol or, 8-bit gray-scale, and 24-bit true-color
graphi cal data simultaneously. This feature all owed captured video data to
be di splayed wit hout data dithering.

Dithering is the process of converting each pixel of video data to a
formthat matches a Iinmted nunber of available colormap entries. Most

wor kstation franme buffers are 8-bit pseudocol or. Hence, digitized, 24-bit
true-col or video data for display woul d need pixel -by-pi xel conversion

Al gorithns exist that could be used to acconplish this conversion. However,
a better SPIN conference, in terns of frame rate and picture quality, was
achi eved by perform ng no software dithering, thus relying on the ability
of the DECvi deo hardware to display 24-bit true-color video or 8-bit gray-
scale video.[5] In addition, the DECvi deo hardware could scal e down the
incomng video inmage in real tinme so that fewer pixels (i.e., |less data)
represented the original imge.

Concurrently, SPIN used a DECaudi o TURBCchannel card that could sanple

an input anal og audi o signal froma nicrophone and deliver an 8-Kkilohertz
digitized audio bit stream The DECaudi o hardware could al so convert a
digital audio streamfor output to an anal og speaker or external anplifier
A DECst ation 5000 Model 200 with DECaudi o and DECvi deo conponents provi ded
the core hardware capability used in SPIN devel opnment work.

In addition to these new hardware capabilities, the SPIN effort needed
new underlyi ng base software capabilities. The DECvi deo hardware required
the Xv video extension to the X Wndow Systemto allow for the display

and capture of video data. (The Xv extension was jointly devel oped by

base system graphics and M T Project Athena teans.) The DECaudi o conponent
used the Audi oFile audio server, developed by Digital's Canbridge Research
Laboratory, to capture and play back digital audio data.

A prototype software base was created to make fundanmental neasurenents
of video and audi o data mani pulation within the workstation and over a



network. Testing the prototype over a 100-Mo/s FDDI network and a 10- Mo
/'s Ethernet network denonstrated that a conferencing product running over
exi sting network protocols was possible.
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5 The Spin Application

SPIN is a graphical nultinmedia comunications tool that allows two to eight
people to sit at their desktop conmputers and comruni cate both visually and
audi bly over a standard conputer data network. The user interface enpl oys

a tel ephone-1like "push" nodel that allows a user to place an audi o-only,

vi deo-only, or audio-video call to another desktop conputer user. Here, the
term "push" neans that SPIN conference participants control all aspects of
the digitized data they send onto a network. Thus, users can feel confident
about the security of their audio and video information. A caller initiates
all calls to other users, and a call recipient nust agree to accept an
incoming SPIN call. Because all data is in the digital domain, this node
makes it al nobst inpossible to use SPIN to eavesdrop on another person.
Placing a wiretap on a person's call would involve intercepting network
packets, separating data from protocol |ayers, and then reassenbling

data into nmeaningful information. If the network data were encrypted,

i nterception would be inpossible. SPIN al so provi des other conmuni cati on
servi ces, such as an audi o-vi deo answering nmachi ne, nessagi ng, audi o-vi deo
file creation, audio help, and audi o-video docunentation. Figure 1 shows a
screen capture of a SPIN session in progress, using the DECspin Version 1.0
application.

NOTE
Figure 1 (Sanple SPIN Session) is unavail able.

The product is easy to learn and to use. The graphical user interface is

i mpl emented on top of Mdtif software. Motif provides the framework for

the SPIN international user interface. A nodel was chosen in which al
actions taken by a user are inplenmented by push buttons that activate
pop-up nenus. The SPIN application does not use pull-down nmenus, because
they require | anguage-specific text strings to identify the purpose of an
entry and thus require translation for different countries. Al so, pull-
down nenus are intended for short-terminteraction, and SPIN nmenus usually
require more long-terminteraction. Al push-button icons are pictoria
representations of the intended function. For exanple, the main w ndow has
a row of five push buttons, each of which activates a specific function of
the application and is shown in Figure 1

In the main wi ndow, the first button fromthe left contains a green circle
with a vertical white bar, the international synbol for exit. This button

appears in the same |location in each of the pop-up windows. It is used to

exit the window or, in the main window, to exit the application.

The second button fromthe left is |abeled with the commrunication icon.
This button is used to select the call list shown in Figure 2. The cal
list contains the various buttons and wi dgets used to place a call to



anot her user, to create and play back SPIN files, and to display a list

of received SPIN nessages, if any exist. The list provides a way to play
and manage audi o-vi deo answering machi ne nessages. For exanple, to place a
call to another user on the network requires just three steps.
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1. Enter the conputer network nane of the nmachine and user into
SPI N s phone dat abase as "user @esktop." A string representing
sonet hi ng nore understandable to a novice is also allowed, e.g.
"user @eskt opl. dec. cont’ becones "user @esktopl. dec. com Fir st nane
Lastname at Digital Equi prent Corporation."

2. Select whether the call is to be sound only, picture only, or both.
The toggl e push buttons under the |arge note icon control audio select;
those under the large eye icon control video select. Once the call is

established, these buttons can be set or unset by clicking a nouse or
using a touch-screen nonitor and are useful for muting the audio portion
or freezing frames of the video portion.

3. To establish a two-way network connection, press the call push button
under the connection icon (which is |abeled with two arrows going in
opposite directions) that appears next to the desired call recipient.
If the person called is |ogged on, a ring dialog box appears on the
call recipient's screen and a bell rings. If the call recipient is not
avail abl e, a dial og box appears on the caller's screen aski ng whet her
the caller wishes to | eave a nessage. The caller can then choose to
| eave a nessage or not.

Dependi ng on the individual settings, users can see and hear one
another in nmultiple windows on the screen. To connect all conference
participants in a nmesh, press the "join" push button, which has a
triangul ar icon.

NOTE
Figure 2 (SPIN Call List Pop-up Wndow) is unavail abl e.

Returning to the nain wi ndow, the m ddle push button is the SPIN contro
button. As shown in Figure 3, the SPIN control pop-up w ndow contains slide
bars that, fromtop to bottom allow the caller to set maxi num capture
frame rate, hue, color saturation, brightness, contrast, speaker output

vol une, and m crophone pickup gain. At the bottom of the control w ndow are
buttons for selecting conpression and rendering.

NOTE
Figure 3 (SPIN Control Pop-up Wndow) is unavail abl e.

To the right of the control button in the main window is the status icon
button. Pressing this button causes the status pop-up w ndow shown in
Figure 4 to appear. The status w ndow di spl ays, below the canmera icon, the
active size of the captured video area in pixels. Beneath these di nensions
is a vertical slide bar that indicates the average franes-per-second



(frames/s) capture rate sanpled over a five-second interval. To the right
of the canera icon is the connection icon, under which appears the nunber
of active connections. Below this nunber are the sound and picture icons,
under whi ch appear the nunber of active audio connections and the nunber of
active video connections, respectively. The second slide bar indicates the
result of sanpling the average outgoi ng bandwi dth consunption (neasured in
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Mo/ s) of the application on the network. This neasurenent is also updated
every five seconds.

NOTE
Figure 4 (SPIN Status Pop-up Wndow) is unavail able.

Finally, the fifth push button (on the far right) in the main w ndowis
the information button. By pressing this button and selecting the type of
on-line informati on desired, the user can access the docunentation pop-

up Wi ndows, as illustrated in Figure 5. Wthin each docunmentation w ndow
are several topics and two colums of toggle push buttons that can be used
to obtain either textual documentation or video docunentation. The video
docunent ati on conpri ses short videos that contain expert help about the
operation of the application.

NOTE
Figure 5 (SPIN Information Pop-up Wndows) is unavail abl e.

As a final level of help, all push buttons and w dgets within the
application have associated audio tracks that tell the user what the
buttons and wi dgets do within their context in the application. To activate
the audi o tracks, the user nmust first select the button or w dget and then
press the Hel p key on the keyboard.

6 Network Considerations

SPI N uses standard data networks to transport the information that conposes
a conference. Data networks are usually private networks that a user
comunity maintains. Such networks often include a nunber of individua
networ ks joi ned together by bridges and routers. Unlike public tel ephone
net wor ks, which are nost frequently used for phone calls, private networks
are used for a variety of conputer data needs, including file transfers,
renmote logins, and renote file systens. However, telephone networks often
provi de the | ong-distance |lines used to nake up private w de area data

net wor ks.

The use of data networks allows conferencing data to be treated as woul d
any other type of data. SPIN requires no special |owlevel networking
protocols to transmit its data and uses the transm ssion control protoco
/internet protocol (TCP/IP) or the DECnet protocol. Also, SPIN requires
no changes to existing operating systens. Wen perform ng the prototype
work for the SPIN application, we were not certain whether the real-tine
nature of conferencing could be acconplished on inherently non-real-tine
net wor ks and operating systens. Consequently, we devel oped a special high-
| ayer synchroni zation conferencing protocol, called the SPIN protocol



that uses existing data networks. This protocol is responsible for the
synchroni zati on of audio and video information. The SPIN protocol nonitors
the flow of data to the network in order to alleviate network congestion
when detected. As the network beconmes congested, the protocol nakes the
decision to withhold further video data, since video is the |argest
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consuner of network bandwi dth. This withhol ding of video data is a key
feature of the SPIN protocol, because it allows a conference to vary the
video frame rate on a user-by-user basis. Thus, video bandwi dth can scal e
to the | esser of either the bandw dth avail able or the nunber of frames/s
of video bandwi dth that a given platform can sustain.

If the withholding of video corrects the network congestion, video data

is once again allowed in the conference. |If not, the SPIN protocol delays
audio data and stores it in a buffer until the network is able to handle
this data. If the network outage | asts approximtely 10 seconds, audio
data is lost. Periods of audio silence are used as a neans of recovery
from periods of network congestion. Thus, variable video frane rates al ong
with this treatnent of audio data allow for the graceful degradation of a
conference as the network becones busy.

SPI N has been denpbnstrated over a variety of public and private data
networ ks including Ethernet (10 Mo/s), FDDI (100 Md/s), T1 (1.5 Md/s),

T3 (45 Mo/s), cable television (10 Md/s, nore correctly, Ethernet running
over two 6-negahertz cable television channels), switched nultinmegabit data
service (SMDS) (1.5 or 45 Mu/s), asynchronous transfer node (ATM (150 M
/s), and frame relay (1.5 or 45 Md/s). Sonme of these networks are |ocal or
nmetropol itan area technologies, i.e., local area networks (LANs), whereas
others are wide area technologies, i.e., wide area networks (WANs), as
illustrated in Figure 6.

Each type of network provides SPIN with different |atency and bandwi dth
characteristics. SPIN nakes correspondi ng adjustnents to a conference to
account for these differences and does not require a dedicated bandw dth
allocation to carry on a conference. If a given network supports bandw dth
allocation, this feature only enhances SPIN s ability to deliver video and
audi o i nformation.

WANs rmay use a router to interconnect two or more LANs. SPIN has been
tested on a nunber of routers with m xed results, i.e., sone routers
correctly handle SPIN s bidirectional traffic pattern whereas others

do not. Since sone routers do not correctly handle bidirectional data
traffic without packet |oss, wide area routers nust be individually tested
with SPINto verify proper operation. Sone router problens were traced

to the use of old firmvare or software. Consequently, SPIN acted like a

di agnostic tool in pointing out these problens. For exanple, running the
SPIN application with audio only, across Digital's private |IP network,
yields varied results. Digital's IP network is an exanple of an open
network, with routers from nost router vendors. We traced nost instances
of poor SPIN performance to old or obsolete routers (sone in service for
the |l ast six years wi thout upgrades). These routers usually dropped packets
when routing between adjacent Ethernet networks that were only 10 percent
busy. After these routers were upgraded to the DECNIS fami |y of routers,



the SPIN application functioned correctly, even on congested networKks.
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To demonstrate daily use of SPIN, we created a netropolitan area network
(MAN). Figure 7 shows the network topol ogy, which spanned the states of
New Hanpshire and Massachusetts. The test bed all owed us to denonstrate
our FDDI products, including end-station FDDl adapter cards, nultinode
FDDI wiring concentrators, and single-node FDDI wiring concentrators. SPIN
was used in 30 workstations, two of which were attached to |arge-screen
projection units in conference roons.

7 Performance

The conference quality achi eved when running the SPIN application depends
on many factors. The avail abl e network bandwi dth, the processor speed, the
desired franme-rate specification, the conpression setting, the picture
size, and how the pictures are rendered all affect the quality of the
conference. Table 1 contains performance data for DECspin Version 1.0 at
vari ous conbi nati ons of settings for these factors.

As shown in Table 1, we tested SPIN performance using two basic picture
sizes: 256 by 192 pixels and 160 by 120 pixels. The tests were perforned
over both Ethernet and FDDI networks for black-and-white and col or cases.
Also noted in the table is whether or not software conpressi on was enabl ed
for a specific test case. The far right colum shows the frane rate

achi eved for the different combinations and al so summari zes the network
bandwi dt h consuned in each test. The table is presented prinmarily to give a
sanpling of the frame rate and, hence, the level of visual quality achieved
for a specific conbination of paranmeters. Frame rates affect an observer's
ability to detect change within a sequence of franes. Wth a slow frane
rate, the resulting video sequence nmay appear choppy and inconplete,
whereas a normal frame rate (24 to 30 franmes/s) leads to a smoothly varying
vi deo sequence with even continuity from one sequence to another. The frane
rates in Table 1 below about 6 to 7 frames/s are considered | ow quality.
Those in the 8-to-19-frames/s range are considered good quality, and those
in the 20-to-30-franes/s range are high-quality video. The best cases in
Table 1 are those that used software conpression to deliver a pleasing
frame rate with the | east ampunt of network bandwi dth consuned toget her

wi th sonme degradation of individual frame quality. The software conpression
was tuned to provide nearly the same frane quality as the unconpressed
case.

Tabl e 1 al so shows performance data nmeasured using a DECNI S router. As
noted earlier, wide area usage of SPIN depends on a router with correct

al gorithms for handling of bidirectional continuous streamtraffic. The
DECNIS fam |y of routers can supply the full T1 bandw dth when presented
with bidirectional SPIN traffic. Oher routers on which SPIN was tested
typically delivered only 25 to 50 percent of the T1 bandwi dth. Note that
this was only true on the particular routers we tested and that routers
other than DECNI S routers nay also be able to deliver full T1 bandwi dth for



this particular traffic pattern.
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Har dwar e conpressi on technol ogy nentioned in the section Overview of
Under |l yi ng Hardware and Software reduces the bandw dth requirenments for
conferenci ng. Experinentation with notion JPEG conpression (using the Xv
extension with conpression functions on an Xvideo frane buffer board) has
shown that at a resolution of 320 by 240 pixels, true-color frames can be
used at 15 to 20 frames/s at a bit rate of just under 1.0 Md/s. This bit
rate produces a good- to high-quality conference with very |ow | atency.

H. 261 and MPEG technology result in simlar frame rates and picture size
at about one-half the bandwi dth but higher overall |atency. Using notion
JPEG as the exanple, high-quality conferences require about 1 Md/s per
connection. |If all conferences are to be high quality, this bit rate all ows
1 two-party conference on a Tl connection, 5 two-party conferences on

an Ethernet segnment, and 50 two-party conferences on an FDDI network.
Usi ng Gl GASW TCH FDDI switches, nore than 500 two-party conferences can
take pl ace simultaneously on a network. Mre users could be supported on
T1l, Ethernet, or G GASW TCH networks, if |ower quality conferences are
accept abl e.

8 Concl usi on

It becane clear during the devel opnment and depl oynment of SPIN that high
cost per user limts the w despread use of the application. The cost

of video for DECspin Version 1.0 adds about $8,000 to the price of a

wor kst ation. Audio for Version 1.0 adds about $2,000 per workstation. These
costs, which are prohibitive to npst potential users of the technol ogy, do
not include the network cost inpact.

Digital's Al pha AXP fam |y of conputers cone with audio i nput and out put
har dware as part of the base workstation. In spring 1993, Digital rel eased
to the Internet conmunity a version of DECspin that uses this hardware to
carry on audi o-only conferences and shows the user a voice waveforminstead
of a video image. This version elinnates the add-on hardware cost for

audi oconferencing. A new | ow cost video option would go far to reduce the
add-on cost for video and facilitate a wi der use of the SPIN application.

The SPIN application and its associ ated protocol have been denobnstrated

on Digital and non-Digital conputers, operating systens, and networKks.

In particular, SPIN has been shown on SPARC workstations running Sol aris
software. Additionally, SPIN has been denonstrated on a personal conputer
using the Mcrosoft Miltinedia Extensions (MVE) to Wndows software. This
pl atform provides a very large user conmunity of potential SPIN users and
dramatically drops the price per user conmpared with the original product.
Interoperability among platfornms and a common user interface give Digital a
| eadership position in this fast-form ng market.

Today, high-quality conferencing can scale to hundreds of seats on a LAN
with lower-quality conferencing scaling to |arger, nore geographically



di spersed networks. Several factors will lead to the wi despread use of this
technol ogy: better and | ess-expensive hardware, programmabl e codecs, and
hi gher-speed and | ess-costly cross-country networks. Less-expensive video
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har dware all ows many users to upgrade their systems to include video, while
programmabl e conpression technol ogy all ows users to achi eve i nprovenents in
pi cture quality, conpression transcodi ng, and | ower network needs. H gher-
capacity and | ess-costly cross-country networks allow nore users to access
conferencing services. Utimtely, even honmes will have better conputer
connectivity and bandw dth. As these changes occur, and we believe they

wi ||, desktop conferencing can beconme the interactive tel ephone of the
twenty-first century.
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