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Abstract

Makingvideo telecastsandreardings of audtoriumand
classoom presentations has become much more comnon
ove the past 10 years, espedally with the rapid improve-
ments in video delivery via the Internet. Most of those
videos are aeated “ by hand’ using & least one person to
operate the camera (or cameras) and video editing equip-
ment.

10 years ago the AutoAuditorium™ System was intro-
duced as a fully automatic alternative to manudly cre-
ated video of such presentations. It combines a target-free
initi ali zation-free Tracking Camera subsystem with a Side
Camera, addtiond cameras, and an atiomatic Diredor
subsystem that runs a video mixer. Together they produce
atelevison programof a presentationin real time.

This paper describes the system as high-leveé concepts
andtheir implementationin hardware. It then recounts how
the system has been used by seveal customers.

1. The AutoAuditorium System

The AutoAuditorium™ System was developed during
the 199G as a fully automatic, multi-camera system de-
signed to televise auditorium and clasgoom presentations
without a aew. The projed was originally motivated by ob
serving that most presentations, both formal and informal,
had avery smplestructurethat could be readily captured by
one person oferating two or more remote aontrol cameras
and simple video editing equipment. In fad, the predeces-
sor system was just that. Several were built and used. One,
now over 15 yeasold, is gill i n use.

* ™ AutoAuditorium is a trademark of Telcordia Techndogies, Inc.
used uncer license

One of the mgjor impediments to using manually con-
trolled video production systems is the requirement of a
human operator. Many talks are not captured becaise the
required personis not avail able & the gopanted hou.

Hence the manual system design was, by degrees, auto-
mated urtil the person was only needed to turn the system
on and dof. The evolution o that manual system into the
AutoAuditorium Systemisrecourted in [1]

1.1. The System In Brief

The AutoAuditorium System is an automatic video pro-
ductionsystem that can serve as the front-endto many tech-
nologies used to cgpture and dstribute videos.

The Tradking Camera subsystem foll ows the presenter
giving a talk and the Diredor subsystem produces a fully
edited television program of the talk.

The program includes pictures that foll ow the presenter
moving aroundthe stage, pictures of the projeded visual
aids, picture-in-picture combinations of the presenter and
the projedions, and, occasionaly, other views of the room.
Theresulting programis produced in red-time, so it can be
viewed live by locd and dstant audiences as well as later
by those who watch the recordings.

Either of the two subsystems can operate independently.
When used together they cooperate.

A typicd system consists of the comporents shown in
Figure 1.

e The Tracking Camera subsystem automaticdly fol-
lows the presenter on stage & he or she givesthe talk.
It does nat follow a target on the presenter. The pre-
senter does not wea or carry anything. Nor is the per-
son identified to the system. Any person walking “on
stage” isthe objed of interest to the Tradking Camera.

A stationary Spotting Camera olleds images of the
entire stage aea SeeFigure 2. Theseimages are ana-
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Figure 1. Schematic diagram of a typical
AutoAuditorium System

Figure 2. The Spotting Camera image.

lyzed for the motion of the presenter onthe stage. That
analysisis then used to pan, tilt and zoom the robaic
Tradking Camera.

The ability to zoom the Tracking Cameraimage dlows
it to acommodate how much the person is walking,

gesturing, or even if there is more than one person on

stage. SeeFigure 3.

e The Side image is an image of the projeded visuals.
The source of that image may be dther a caneraor a
scan converter. A “scan converter” is adevice used to
change the video signal that comes out of a computer,
which is not eledricdly atelevision video signal, and
turnsit into orethat is. The signal’stransformationin-
cludes changesin the number of scan li nes, the number
of pixelsper scanline, the order in which the scan lines

Figure 3. The Tracking Camera zooms to ac-
commodate the person’s gestures and walk-

ing.

Figure 4. The Director adjusts the size of a
picture-in-picture to the available space when
it can.

arepresent in the signal and the framerate. The result-
ingtelevisionsignal i s the same as would be delivered
by a canera.

e The Spdting Camera image of the entire stage area is

used bah by the Tracking Camera subsystem to find
the moving person and bythe Diredor subsystem as a
transition shot. SeeFigure 2.

e Other camera images of the stage and audence from

diff erent points-of-view are used as transition shots to
keep the video editing from being too simple and thus
boring.

e The Diredor subsystem runs the video mixer, thus

creding the eited program from the various video
sources. It deteds changes on the projedion screen
and makes are the viewers se new information
quickly. It also constructs picture-in-picture shots of
the instructor and the screen that are sensitive to the
amourt of blank spaceonthe screen. SeeFigure 4.



The Diredor also uses transition shots when the pro-
gram “slows down”, e.g. when the projeded dide is
gtill shown bu has not changed in alongtime.

Thebasic output isafully edited television program asa
basebandtelevisionsignal; audio and video. It can betrans-
mitted live by means of cable, the Internet, satellit e dish, or
other medium and it can be recorded to video tape, DVD,
video server, or other format.

Originally, recordings on analog video tape were the
most common means of distribution. Lately, the most com-
montransmisson mediainclude recrdings sored on video
servers, live distribution within and between buldings, and
recorded DVDs. The DVDs are rarely distributed, but are
kept as a “safety” reaordingagainst avideo server problem,
and are used as the source material for puldicly available
recordings, such as those found on vdeo colledion web-
sites: YouTube.com, VideoLedures.net, etc.

To be dea, the AutoAuditorium Systemisused asasig-
nal sourceto many forms of video cgpture and video distri-
bution systems. It, alone, does not capture nor distribute the
programs.

The AutoAuditorium System works best with presenta-
tions primarily given by ore personat atime, on stage, talk-
ingto alocd audience, using projeded visual aids. It can
beinstalled bah in large, forma rooms and in smaller, in-
formal, more intimate rooms.

Because the system is built into the room, along with
the soundand projedion systems, and becaise the system
is fully automatic and runs withou a aew, it's primary at-
tribute is that it removes the need for a human operator.
Once the system is turned on there is nothing for anyore
to do urtil it i stime to turn the system off.

One of the insights that motivated creding the Auto-
Auditorium System was that the costs of video equipment
had deaeased to the point that all the equipment needed to
make videos could be eonamicdly installed permanently
into the room.

In fad, permanent installation is a aucia technicd re-
quirement of the Tradking Camera. It also makes the start-
up and shut-down time of atelecast a matter of minutesin-
stead of the hours (or sometimes days) needed to install and
remove portable equipment.

If the AutoAuditorium control isonthelederntelevising
aledureis just a matter of pressng the AutoAuditorium
System Start button and puting a DVD in a recorder or
starting a video server recording.
1.2. Camera Image vs. Scan Converter
Image

Shoaingthe Slide image from the projedion screen with
a canera has a trade-off when compared with using a scan
converter.

Figure 5. A Slide Camera sees gestures in
front of the screen that a scan converter
misses.

The Slide Camera can see everything onthe screen, just
as the locd audience does, but the scan converter can only
seethe signal sent to the projedor. A presenter standing
in front of the screen, pointing at something and saying,
“This is the most important thing to remember!” is better
understoodin the video from the Slide Camera than with
that from the scan converter. SeeFigure 5.

Moreover, the canera can see anything projeded onthe
screen, nomatter how it got there. We till occasionaly hea
the story of someone arivingwith old presentation graphics
on 35mm dlides, or even overhead projedor foils. When
that happens, the AutoAuditorium Slide Camera still can
“see” the images and the Diredor knows exadly what to
do.

1.3. Television Programs vs. Two-Stream
Side-by-Side Programs

Since adou 200Q there has been a growing trend to
make recordings of presentations and ledures that can orly
be seen properly on computers. The programs contain two
independent image streams. One is of images from the pro-
jedion screen captured either as video or as a sequence of
till i mages, andthe other is of the presenter givingthetalk.
There is also an audio stream, most often integrated with
the presenter stream. The playbadk applicaionthat runson
the computer ensures that all three ae synchronized.

Typicdly a person watching a two-stream recording is
shown asmall i mage of the presenter next to alarger image
of the screen. SeeFigures6 and 7.

Several AutoAuditorium customers have moved from
the original “single stream television program” to this “two
strean side-by-side program”. They use video from the
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Figure 7. Two Stream Side-By-Side Program

Tradking Camera asthe presenter strean andthe projedor’s
inpu signal asthe dlide stream.

Thereis atrade-off.

Many people watching the program prefer the side-by-
side model because they can always sethe aurrent dide
and the presenter. They do na have to settle for the Auto-
Auditorium Diredor’s editing dedsions.

On the other hand, the side-by-side images are utterly
gtatic, which can be tiring long before most talks are fin-
ished. To many people AutoAuditorium’s editing, picture-
in-picture shots and occasional transition effeds between
shats makes the program more watchable.

2. TheFirst Installation Is Still Running

The following paragraphs describe the first commercial
AutoAuditoriuminstall ationin somedetail. We dothisbath
to brag a bit that the original install ation has proved to be
reasonably robust andto ill ustrate that the original architec
ture suppated changesin usage over the past decale.

The first commercialy installed AutoAuditorium Sys-
temis dill in use & IBM Watson Reseach in Hawthorne,
New York. Operational since January 200Q it consists of
apersonal computer with two video framegrabbersrunring
the AutoAuditorium applications. The caneras are Pana-
sonic AW-E600 3chip cameraswith Fujinonrobaic lenses
on Telemetrics analog pan/tilt heads. The video mixer run
by the AutoAuditorium Diredor is a Panasonic WV-MX50.

Over the past 10 yeas there have been a number of re-
pairs:

e One caneraburned ou and was replaced.

e A coupe of power supgies becane dedricdly noisy
and were replacal.

e Microswitchesin the pan/tilt heads and switchesin the
robaic lenses becane intermittent and were replaca.

e The Spatting Camera (which is used to determine
where the Tradking Camera shoud pant) was up-
graded from a single-chip to a 3-chip with very wide
contrast range.

The software in this g/stem has not changed much. Al-
thoughimproved versions of the AutoAuditorium applica
tions have been installed, the operating system and com-
puter remain the same, Red Hat 6.1 runninga2.2 Linux ker-
nel on an IBM Pentium PC. Most of the software changes
over the yeas have involved adjustments to various param-
eter settings read by the goplications when they start.

The ingtalation allows for manually produced video
recordings using the same caneras and pan/tilt heads nor-
mally used by AutoAuditorium. The canerasare controlled
by joysticks and the video mixer is run by hand.

The first installation was part of a newly constructed
ledure hall that has changed over the decadle. Most no-
tably there have been three generations of projedors that
got brighter and higher resolution with ead upgade. Orig-
inally the room was dimmed somewhat to make the pro-
jeded images easier to read. With the latest projedor, the
imageis very bright andthe room lightingis not dimmed.

At their neaby Yorktown Heights, New York, lab, two
other AutoAuditorium Systems rvethreerooms. One sys-
tem has a set of camerasin ead of two rooms. A switch se-
ledswhich cameraset isconneded to the system andwhich
room profileis used by the software.

2.1. Common Usage

In 2008 those three AutoAuditorium Systems telecast
234 pesentations, as both a single-stream television pro-
gram and atwo-strean side-by-side program.

A DVD of the televison program is recmrded as a
“safety” copy.

When an event exceels the seaing cgpadty of the room
the live television program is also sent to other meding
rooms and the cdeteria. Frequently the same program is
sent to medting rooms in other buildings, up to 14 miles
away, and sometimes over video codec mnredionsto other
IBM locaions worldwide.

The “side-by-side” program is made available & alive
Internet stream and recorded to an in-house server for on-
demand webcast access



Eleven manual productions were made using the Auto-
Auditorium equipment in 2008 Manual operation is pri-
marily used for programs that the aurrent AutoAuditorium
System does nat handle well, such as panel discussons
wherethat are several people sittingin arow onstage. They
are dso used when the final program requires that “poalish”
that only human operators can provide. Those programs
may also gothrougha post-production editing process

History shows that AutoAuditorium programs are sel-
dom edited.

2.2. Uncommon Usage

IBM Reseach has ancther AutoAuditorium install ation
in San Jose, Cdlifornia. There they use the “side-by-side”
program in an interesting way. Althoughthe live program
is available on the in-house network while the presenta-
tion is being gven, they routinely also send it to a confer-
enceroom where people watch and simultaneously work on
other things, talk with ead other, or make phore cdls. If
they did these things in the auditorium it would be consid-
ered anti-social, but in that conferenceroom ...

3. The Cyber Clasgoom at UMich/Flint

The University of Michigan at Flint is largely a com-
muter schod where many students have full-time jobs, so
lifeimpinges onthem more than onthe resident students.

The AutoAuditorium System is akey comporent of their
“cyber clasgoom”. The vast majority of the dasses taught
in that room are recorded ono a video server. Some ae
in namal television format and ahers are in side-by-side
format, at the instructors' discretion. They report making
720recordingsin 18 months. “Four days aweek we turn it
onat 9 AM andturnit off at 9 PM.”

A paper by Turner and Farmer on the ¢yber clasgoom
reports datisticd evidence that having ledure recordings
avail ableto all students can improvetheir performance. [4]

3.1. Class, or TV, or Both, or Neither

Unlike many institutions, the students attending the
coursesin the oyber clasgoom do na haveto dedareif they
will be physicdly present in class or watching the dasses
on the Internet, both, or neither. Each can do what ever
worksfor him or her, and what works can be changed with-
out “permisson.” A coupe of recent stories ill ustrate the
point. [5]

One student started ou just watching the ledures on-
line. After aweek or two he dedded that was not working
for him. He changed to attending every class ® he could
interad with the instructor and the other students.

In ancther case astudent had afamily emergency where
he felt he shoud visit the hospital as often as possble. The
distances involved were such that he could na continue &-
tending class But he foundthat he could visit the haospital
and still watch the recordings. He got an A in the murse.

3.2. Study, and Review, and Cram

Interviews with several students who have taken the oy-
ber clasgoom courses show that they use the recordingsin
anumber of ways.

The most commonway is to watch some of the record-
ings, espedally the review sessons, just before tests. An-
other is to attend class whenever possble, but watch the
recordings of any that are missed.

But there were other storiesthat show how individual the
use can be.

A student with wea English skill s attended every class
and then rewatched it, occasionally pausing the playbad
so a friend could trandate and explain what was just said.
The student did well i n the course and his English improved
substantially.

A whedchair boundstudent also attended every class
but had difficulty taking ndes. Instead, he made his notes
whil ewatchingand pausingthe playbadk in hisdorm room.

A student whose use of the recordingswasinfrequent did
watch and reped portions that were on topics where he had
difficulty. “I must have watched this one sedion ten times,
urtil | gotit.”

Ancther said that he would rewatch some portion o al-
most every classhe dtended.

3.3. Student Presentations

It haslong keen recognized that recording students mak-
ing presentations to the dassand then playing them back
helps build pulic spe&ing skill s. In most rooms stting up
for recording and then making the videos avail able to the
students can be tedious andtime consuming. Oneinstructor
pointed ou that making student videos in the gyber class
roomis“free”.

In the same vein, instructors also can criti que themselves
for free

4. DistanceLearning a MIT

The Massadhusetts Ingtitute of Techndogy has a long
standing series of distancelearning courseswherethe video
is produced by a person at a console. The operator is re-
sporsible for camera motion, zoom and focus, video and
audio mixing, plus coordinating with and troubeshoating
the remote locadions. [3]



They originally had a different type of tradking camera
that followed a battery powered target worn by the instruc-
tor. That arrangement was not popuar becaise the instruc-
torsdid na like weaing the target, the target battery would
die inconveniently, and the tradking camera sometimes lost
sight of the target. They often had to trad the instructor
by hand, which is bath tedious and dstrading from other
tasks.

They find wsing a stand-alone Tradking Camera subsys-
tem as a “camera ssdstant” in eat of threeledure halls
much morereliable.

5. Leaure Distribution at the Broad I nstitute

TheBroad I nstitute in Cambridge Massachusetts has two
rooms with high definition Tracking Camerasrun as gand-
alone subsystems. In ead room the Tradking Cameravideo
is combined with a high definition scan-converted image
fromthe projedor. Theresultinglive side-by-side programs
are sent to coll eaguesin ancther buildingabou amil e avay.

(2]
6. The Future

As of late 2009 al the existing full AutoAuditorium
Systems (Tradking Camera plus Diredor) are NTSC stan-
dard definition systems. The oldest oneis 10 yeasold as of
January 201Q

Two of the Tradking Camera only Systems use high def-
inition tradking cameras but the spotting cameras are stan-
dard definiti on, which meansthe dgorithmsrun onstandard
definitionimagesto drivethe HiDef cameras. The hardware
costs for high definition are higher, but expeced to drop
sharply as HiDef becomes the standard.

Thereisnaothing spedal abou processng high definition
images. There ae just more pixels to look at. Every-day
workstationand high-end desktop computershave sufficient
computation and bus edals to keg upwith the extra pro-
cessng readed. The first HiDef AutoAuditorium Systemis
now onthe drawing baardsto beinstalled in 201Q

7. Conclusions

The AutoAuditorium System is an automatic video pro-
duction system that can serve asthe front-endto many tech-
nologies used to capture and dstribute videos of clasgoom
and auditorium ledures. The Tradking Camera subsystem
foll ows the presenter giving a talk and the Diredor subsys-
tem produwces a fully edited single-stream television pro-
gram of the talk. The program, prodwced in red-time, in-
cludes pictures of the presenter, pictures of the projeaed

visua aids, picture-in-picture combinations of the presen-
ter andthe projedions, and, occasionally, other views of the
room.

Once built i nto a room, the st of using the system to
cgpture the next presentation is littl e more than the st of
the recording and transmisson media.

Programsof presentations, leduresand classes produced
by the system have proven to have benefits for both the pre-
senters and viewers.

References

[1] M. H. Bianchi.  Automatic video prodwtion o lec
tures using an inteligent and aware ewironment. In
3rd Internationd Conference on Mohile and Ubiquitous
Multimedia (MUM2004), pages 117-123 October 2004
http://autoaud.com/AutoAud_MUM2004.pdf.

[2] TheBroad Institute
Conwersations with Lars-Erik Siren, Exeautive Producer.

[3] Massachusetts Institute of Techndogy
Conwersations with Michad Leoncini, Distance Education
Techndogy Administrator, Academic Media Production Ser-
vices.

[4] S. Turner and M. E. Farmer. Assssnent of student perfor-
mancein an internet-based multimedia dassoom. In 2008l n-
ternationd Conference on Frortiers in Education: Computer
Science and Computer Engineging (FECS08, July 2008
http://autoaud.com/FECS08_StudentPerformance.pdf.

[5] University of Michigan at Flint
Conwersations with:

Dr. Miched E. Farmer, Associate Professor, Computer Sci-
ence

Theresa Kraft, Ledurer, Management Information Systems.
Judith Pinn Carlisle, Assstant Professor, Computer Science
Dr. Yener Kandogn, Associate Professor of International
Business Schod of Management.

Randy Schapel, student.

Brian McBride, student.

George Croser, student.

Poulami Nandi, student.



