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Abstract

This paper presents a system designed to automate
the production of webcasts, the Virtual Diredor. It
automates simple taskssuch as control of recording
equipment, sream broadcasting, and camera cntrol. It
also automates content dedsions, such aswhich
camera view to broadcast. Diredorscan gedfy the
content dedsions using an automation spedfication
language. The Virtual Diredor also uses a question
monitor serviceto automatically identify questions and
move the @merasto show the audience member asking
the question. We discussthe implementation of the
Virtual Diredor and present theresults of itsuse in the
production of a university seminar series.

1. Introduction

With the growth of broadband networks, Internet
broadcasting, also called webcasting, is becoming more
and more popular’. Examples of Internet webcasts are
presidential debates, sporting events, technicd
conferences, and rock concerts. Thisincreased
popularity has driven demendfor tools that make the
production of high-quality webcasts simplerand more
cost-effedive. Thisprojed focuses on automating a
webcast, spedfically low-cost production of high-
quality, multiple-strean lecture webcasts.

Ledure webcasting has several advantages.
Students who cannot attend a ledure may choose to
watch alive webcast. Thisincludes studentswho
might regularly attend, but for some reason, cannot
attend on a particular day. It also incudes students
who, due to geographic constraints, are unable to
attend thelive ledure. A liveledure webcast allows
students to watch the presentation at the sametime as
their peers, but more importantly, it allows remote
viewers the opportunity to interact with the speaker,
thereby providing a more valuable leaning experience
A webcast can be recorded for futurereplay on
demand, thereby benefitting viewers who are unable to
watch the live webcast due to scheduling conflicts. A

! We use the terms “broadcast” and “webcast”
interchangeably. The Virtual Diredor isused in the
production of webcasts, but the mncepts and ideas also
apply to any form of broadcasting.

recent study of aledure webcasting system at U.C.
Berkel ey showed that up to 75% of the studentsin
some classes watch ledure webcasts, and 90% of the
lecdures were played on demand by students studying
for examinations[Rowe 2001].

Although lecure webcasting has many advantages,
it isalso a @mplex andcostly operation. The lecture
hall or classroom, cdled the studio classoom, must be
set up to capture audio and video (e.g. cameras,
microphones, audio mixers, encoding machines,
routing switchers, etc.). Oncethe production
environment is set up, the production of the webcast
itself requires a skilled diredor to producethe
broadcast. We usethe &rm “diredor” to refer to the
person that manages the production of the webcast.
Thistask involves different responsibilities than the
diredion of atraditional television program. These
responsibilitiesinclude antrolling pan/tilt cameras,
contralling recording devices, and seleding which
camerato broadcast (i.e., shot seledion). A typical live
television production may involve 5-10 people to
operate equipment and producethe webcast. Toreduce
the number of people required to produce a webcast,
we devel oped an application, called the Diredor’s
Console (dc), which all ows one person to producea
webcast [Yu 200]]. dcisaframework and user
interfacefor controlling software processes (e.g.,
audio/video capture processes [Erikson 199,
streaming media rearding and playbeck systems
[Schuett 1999, video effeds systems [Wong 199],
transcoding processes, etc.) and audio/video equipment
(e.g., routing switchers, pan/tilt cameras, etc.) used to
produce awebcast. The system isextensible so new
services and control interfaces can be added to the
system.

dc requires manual entry of commands by a human
diredor. Ideally, an organization would like to
webcast many ledures, but the @mst of employing a
human direcor and production asgstantsto produce a
webcast limitsproduction. The Virtual Diredor (vdc)
is designed to automate production of aledure
webcast. Automation includes shot seledion,
equipment operation, and software @ntral. Itis
important to note that our goal isnot to replacethe
human direcor —automation systems are unlikely to do
asgoad a job asahuman diredor — but rather to
simplify webcast production so that one person can
produce several webcasts simultareously. The trade-
off for cost reduction will be lower quality productions.
Theresearch question is how much quality is lost due
to automation.

Traditional broadcasts are cmposed of one audio
and one video stream. Thediredor switches between
different cameraviews or uses a spedal -effeds system
to compose graphics and video into ane video stream
(e.g., composition, chroma key, picture-in-picture,



etc.), but the broadcast has only one video stream. In
contrast, a webcast may include multiple sreams and
optionally all ow the viewer to seled the streamshe
wants to watch. For example, many lecure webcasts
producetwo video streams. one stream isthe speaker
or audience and oneis the presentation material (e.g.,
transparencies, dides, VCR, etc.) being projected on a
large screen in the dassroom. We will refer to these
two streams as the speaker and content treams. This
multiple-stream feature of webcasts mitigates the
effeds of reduced quality.

The goal of the Virtual Diredor isto produce
high-quality webcasts. However, the “quality” of a
webcast is not easily defined or measured. There ae,
however, some common techniques used by
professonal diredorsto produce broadcasts judged to
be of higher qudity. In the ledure environment, the
foll owing techniques and guideli nes might be used: 1)
Different camera views should be used to keep the
broadcast interesting. Watching a dose-up of a
speaker will put most viewersto sleg, so the welcast
should be switched between different camera views
(e.g., audience @mera, stage @mera, speaker close-
up). 2) When audience menbers ask questions, the
webcast should show the person asking the question
and switch back to show the speaker’sresponse. The
detail s of these techniques, such ashow often to switch
camera views, are highly dependent on a given
diredor’sstyle andon the type of event being
broadcast. 3) Titling is used to inform viewersof the
speaker’ s name, the leduretopic, or the date.

Automating a broadcast isa difficult probdem
because of the subjedive nature of quality. In genera,
there are no hard, well -defined rules. Human diredors
rely on heuristics and experience to make broadcast
dedsions. However, some aspeds can be formally
defined. For example, the idea that recording should
be started at the beginning o a broadcast and stopped
at the end is sraight-forward and easily automated.
Similarly, therule that whatever content the speaker is
showing to the audience should also be shown to the
remote viewersis aso wel -defined and easily
automated. Indeal, automation can be used to simplify
the task of the diredor and remove the posshilit y of
error in these well -behaved situations.

The arrent version of the Virtual Diredor
automates camera switching and production of the
webcast using two medanisms. 1) abroadcast
automation serviceand 2) a question monitor service
The broadcast automation serviceallows a diredor to
define awebcast using an automation specification
language. This spedfication defines what automation
the Virtua Diredor should perform, based on a set of
rulesand constraints. An automation spedfication is
defined by aset of if-then rules. When the value of a
rule's predicae dangesto true, the action associated

with theruleisinvoked. This mechanism can be used
to provide automation of the form “when the dose-up
camera view of the speaker has been shown for 2
minutes, switch to the stage camera view.”

The question monitor service deteds questions
from the audience and switches the webcast to show
the audience member asking the question. It monitors
different microphonesin the room, analyzes the audio
to detedt when a question is being asked, and signals
the broadcast automation servicewhen aquestion is
deteded. The Virtua Diredor itself consists of the
broadcast automation service, the question monitor
service and agraphicd user interface (GUI) that ties
these two servicestogether. Figure 1 showsa
screenshot of the Virtual Diredor. vdc containsa
frame for each service The question monitor frame
contains controls to enable/disabl e the service and to
adjust audio level thresholds. The broadcast
automation frame shows the status of the webcast and
alowsthediredor to enable/disable spedfic
automation rules.
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Figure 1 - Virtual Director Screen Shot

The arrent version of the Virtual Diredor does
not do cameratracking of the speaker. Thereare
several computer vision algorithmsthat could be
employed in software [Grove 1998 Fayman 199§ to
implement thisfeature. In addition, some caneras
have a built-in tracking feature that perform quite well
[ParkerVision].

This paper describes the design and
implementation of the Virtua Diredor and



experiments performed to evaluate this technol ogy.
Theremainder of the paper is organized as foll ows.
Sedion 2 discusses other research relaied to the Virtua
Diredor and ledure capture. Sedion 3 describesthe
studio classroom and production environment. Sedion
4 presents the automation spedfication language and
gives an example of a smple broadcast spedfication.
The broadcast automation service and the Virtua
Diredor implementation of the automation
spedfication language ae described. Sedion 5
discusses the question monitor service Sedion 6
presents theresults of some experiments performed
using the Virtual Diredor. Sedion 7 dscusssinsights
gained whil e doing thisresearch and presents
diredionsfor future work. Sedion 8 summarizesthe
reseach contributions.

2. Related Work

Many research groups and companies are
developing systemsto produceledure webcasts. Some
groups focus on the @pture asped, with varying levels
of detail captured [Abowd 1999 Brotherton 1998,
Virage]. Other systems focus on automated production
of webcast matrial, either throughpost -production
editing o the catured streams [Gleicher 2000,
Mukhaopadhyay 1999 or by making production
dedsions during the live broadcast [AutoAuditorium,
Kameda 199, Parwatikar 2000, Karp 1993, Drucker
1999. Still other groups provide automated control of
the equipment in studio clasgoom to assig the speaker
[Franklin 2000, Hirsh 199, Franklin 1999]

The Virtud Diredor differsfrom these systems. It
deals with producing multiple-stream broadcasts. The
Virtual Diredor focuses on the automated production
of live webcasts, but the automation can be shaped by
individual diredors. It isan extensible system,
providing integration of independent services, which
allowsit to be used in many different production
environments. The Virtual Diredor also automatically
deteds and reactsto audiencequestions. Itis
important to note that the Virtual Diredor isan integral
part of afull -function lecure webcasting system that
includes other production services (e.g., broadcast
management [Wu 1999, recrding and playback,
spedal effeds, floor contral, etc.).

A paper published recently by Microsoft [Liu
2007 presents a system very similar to the Virtual
Diredor. This gygem also provides automation of a
broadcast, with full speaker tracking and audience
guestion detedion. In addition, they have also done a
user study to evaluate the dfedivenessof their system,
which we have not done. The Virtua Diredor differs
because it uses a broadcast spedfication to define the
automation rules, instead of using fixed heuristics.
Anocther differenceisthat the Microsoft system deals

only with camera management, while the Virtual
Diredor fully automates a broadcast, including tasks
such as control of recording equipment, spedal effeds,
etc.

3. Production Environment

This sedion describes the production environment
and the Diredor’ s Console infrastructure on which the
Virtual Diredor is based.

The production environment isa studio classroom
at U.C. Berkdey. Itisasmall room (40 seats) with a
presentation area at thefront of the room. Figure 2
shows a floor plan of the studio clasgoom. The
audio/video equipment includes a document camera,
presentation PC, |aptop computer port, and VCR
conneded to an LCD projector through arouting
switcher. Theroom hastwo routing switchers. 1) a
composite video and stereo audio switch and 2) an
RGB switch. Video equipment isconnecid to the
composite switcher, and the PC and laptop port are
conneded to the RGB switch. Both switches have
connedionsto the LCD projedor and a scan converter
convertsthe RGB signa to acomposite video signal so
that RGB materia can be @ptured for the webcast.
Three @meras are permanently mounted in the room.
A Canon VCC3 camera, with pan, tilt, and zoom
capability, situated at therea of theroom is designated
the speaker camera. Another Canon VCC3isingtalled
at the front of the room, facingthe audience. Itis
called the audience camera. Thethird camerais
installed in area corner of theroom and provides a
view of the entire stage aea. Itis cdled the stage
camera. Thesethree caneras are mnneded to the
composite routing switcher and provide live video
sources for the webcast. Other video sourcesinclude
the VCR and scan converted images from the
presentation PC or |aptop.

The speaker canerais used to show close-up
pictures of the ledurer andto foll ow the speaker as he
moves around the presentation stage. Theuse of a
computer-controll ed pan-tilt camera means that human
input isrequired to foll ow the speaker. Many reseach
groups have devel oped tracking al gorithms based on
audio, video, and sensor detedion to track speaker
movement automatically. We experimented with some
image-based algorithms, but dedded to deploy a
commercial product, spedfically a ParkerVision
CameraMan, because it is relatively inexpensive and
performswell. Consequently, we ignore spealer
tracking in thiswork, assuming it will be implemented
by the speaker camera.

Audioisprovided by four microphmes. awireless
mic, worn by the speaker, and threeaudience mics.
The audience mics are placed in the cdling, with onein



the left, center, and right portions of the of theroom, as
shown in thefigure.

| FRONT

Audience Camera |
STie_aker

(wearingmirelessm‘F::'
O

lOverhead
:Pro;euof Audience Mic

D @I (right)

[l [ver

Audience|Mic

(left) %

CalaE
SIS

&

Wide Camera

LEFT

Figure 2 - Studio Classr oom Setup

All equipment is conneded to an AMX control
computer [Panja]. A wirdesspand al ows the speaker
to control which sourceis projeded to the audience and
to accessother room controls (e.g., lights, audio levels,
etc.). The AMX system also hasa serial port
connedion to a host computer conneded to the Internet
so that equipment can be ontroll ed remotely.
Commands are sent to the AMX which relaysthe
appropriate signal to the equipment. Several processes
run on the host computer. One process, caled amxd
[Machnicki], isresponsible for communicating with the
AMX control computer. Remote applications connect
to anxd and issue mmmands using an RPC mechanism
(TcIDP [Smith 1993]). Two vee3d processes also run
on the host computer. They communi cate through a
serid linkwith the Canon VCC3 cameras diredly, and
provide remote appli cations accessto camera controls
(e.g., pan, tilt, etc.) through the same RPC medanism.
Figure 3 shows the software and hardware achitecture
of the AMX system and host compLter.
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Camera RPC Virtual
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Figure3-AMX Control

In addition to providing remote accessto the
studio classroom equipment, the amxd processprovides
a cdl back medhanism to all ow applications to monitor
when sgnificant events ocaur. These avents, known as
AMX ewents, are signaled when an application issies a
command to amxd or when a touch panel button is
pushed by the speaker. These eventssignal tothe
production environment that a particular command,
such as“turn the lightson” or “show the laptop on the
overhead projedor” was exealted. By monitoring
these events, appli cations can monitor what is
happening in the room and system

The amxd software provides alibrary that allows
applications to monitor various AMX events.
Applicaions use an RPC mechanism to register interest
in spedfic AMX eventswith anmxd. When registering,
applications provide a @llback procedure that isto be
invoked when an AMX event ocaurs. Applications can
register several cdlbacks, and each cdlback can be
enabled or disabled. Moreover, applicaions can
associate a filter with each callback that spedfiesin
which types of eventsthe application is interested.

This medanism reduces the number of call backs
invoked which reduces overhead.

The Virtua Diredor is built on and expands the
infragtructure of the Diredor’s Console. The webcast
infragtructureis shown in Figure 4. Video sources are
routed through a matrix switch, and seleded sources
are sent to the encoding machines. Thevideo is
encoded and broadcast on a multicast sesson cdled the
studio sesson. The scope of this sesson restrictsit to
the Berkeley campus. Audiois sent through an audio
mixer to an encoding machine, which outputsthe audio
stream into the same studio sesson. dc all owsthe
diredor to seled which video sources are routed to the
encoding machines and which sreams from the studio
sesgon arerouted to a broadcast sesson sent to the
outside world. An important feature of dc isthe ability
to webcast several video streams simultaneously so the
user can pick the stream(s) he wantsto watch. dc and
vdc control the broadcast by manipulating the
equipment in theroom through serviceinterfaces.
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4. Broadcast Automation Service

Producing a webcast isa compli cated process
requiring control of cameras, recrding applications,
and broadcasting equipment. In addition to broadcast
logistics, many content dedsions are made & an
aesthetic level. For example, the diredor must dedde
which camera view should be displayed to remote
viewers, or how often to show a subtitle giving the
seminar title or speeker’ sname. While dc smplified
the logistical tasks of awebcadt, it did not addressthe
more subtle, content-related tasks of awebcast. These
tasks are left soldly to the director’ sdiscretion. The
broadcast automation service automates some of these
content dedsions. Moreover, it provides the flexibil ity
to allow individual diredorsto spedfy different
presentation styles by defining a set of rulesthat
describe how automation should be implemented.
Sedion 4.1 discussesthe general concept of alanguage
for spedfying automation of a broadcast. Sedion 4.2
gives an example of a program in the broadcast
automation language and explai ns what automation it
spedfies. Sedion 4.3 describes the Virtua Diredor
implementation of the broadcast automation service,
which interprets a broadcast spedfication and
implements automation during a webcast.

4.1. Automation Specification L anguage

Figure 5 shows a narrative description that a
human direcor might use to describe the production of
a simple webcast.

1. Before the ledure garts, show a title screen.

2. When the lecture starts, broadcast a close-up of the
speaker and the presentation dides, enable the room
audo, andfade in on the spedker.

3. Showa aubtitle with the speaker’ s name on the
speaker stream for the first minute; after that, display it
every 10 minutes for 15 seconds.

4. After showing the dose-up o the speder for 1
minute, switch to the stage view and $ow thatfor 15
seands, then switch back to the close-up. Continue
thisthroughout the lecture.

5. When the lecture finishes, disable the room audio,
stop the recorder, and sop broadaasting.

Figure5 - Description of a Typical Broadcast

This description provides details about logistica
operations (e.g., start broadcasting, start recording,
etc.) and content dedsions (e.g., switch to the stage
view every minute for 15 seaonds). Moreover, it can
be viewed as atemplate that can be applied to any
webcast of a classlecture. The description spedfies
what actions to take and what content dedsionsto
make. The automation specification language (ASL)
provides a language for diredorsto spedfy such
broadcast spedfications, or ASL programs. The
remainder of this sedion describes ASLs.

An ASL iscomposed of severd basic abstractions,
rulesfor defining how these abstractionsinteract, and a
graphical user interfacethat al ows manual intervention
by adiredor. The basic abstractionsare:

1. Strean—an audio o video stream

2. Source—an audio/video sourcethat can be used
in a broadcast

3. Global Clock —the master clock for the
broadcast system



4, Services— abstractionsfor various media and
control services

A stream hasthe following properties. source
broadcadt, and duration. The stream properties are
valuesthat can be used in broadcast automation rules.
These particular values are ones we beli eve are useful
for spedfying automation. The source property
spedfieswhat media sourceis currently being encoded
and broadcast. The broadcast property isaBoolean
value indicating whether the stream is currently being
sent out to remote viewersin the broadcast sesson.
The duration property isa clock value that spedfies
how many seconds this strean has been transmitting
the aurrrent source Changing the sourceresetsthe
durationto zero. The duration of a stream is defined
aszeroif broadcast isfalsg, i.e., the streamis not
currently being broadcast. Streams might have
additional properties such asvolume level (e.g., audio)
or subtitles (e.g., video). The stream abstraction allows
the writer of a broadcast spedfication to ignore how a
given media stream is produced (e.g., which machine is
encoding the video). Note that stream propertiesare
generic to any stream, they do not dictate any particular
implementation of how the stream is created or how the
sourceis switched.

The globd clock abstraction represents the global
clock for the production. It has only one property, the
current value. The global clock can be used to make
automation dedsionsrelating to absolute or relative
time. For example, the duration a particular sourcehas
been tranamitting can determinewhen the source
should be dhanged.

The source abstraction represents all the different
media sources that can be routed to a stream for
broadcast. Examplesinclude cameras, microphone
audio, computer screens, or sored material. Different
production environments have different sources.

A serviceisthe abstraction for processes or
equipment that implement a function for the broadcast,
theroom, or astream. For example, arecrder service
isan abstraction for arecrding device (e.g., digita
archiver or analog tape ded). Operationson this
service might indlude the usual VCR commands (e.g.,
record, pause, stop, etc.). Thereare a \ariety of other
available services, and new services can be defined to
deal with different types of equipment and ooftware.

An ASL program spedfiesingances of these
abstractionsand a set of rules. ASL rulesare similar to
NSync rules[Bail ey 1998, but use a different
implementation. Each rule hasa predicate and an
action. The predicateis a statament with aBodlean
value. When the value of a predicate dhanges from
falseto true, the asociated action is exeauted. For
example, the diredor may spedfy arule such as

when {(source(spkr) = “speakerCamera” AND
(duration(spkr) >= 60)} {

source(spkr) = “stageCamera” #
broadcast stage camera on speaker stream

}

Thisrule saysthat the speaker stream, spedfied by the
variable spkr , should be switched from the speaker
camera, denoted by the mnstant “speakerCamera ",
to the stage amera if the speaker sream has been
showing the speaker camerafor more than 60 seands.

An ASL program also defines a GUI
component that is embedded in the Virtua Diredor.
Buttonsin the GUI can be used to invoke actions
diredly. Thediredor can also enable/disable
individual rulesusing the GUI. When aruleisdefined
in the ASL program, the “- checkbox ” can be used to
display a chedkbox in the GUI that can be used to
enable/disable therule. The user interface @nalso
display the status of various objects, such aswhich
sourcea particular stream isbroadcasting or how long
it has been broadcasting.

The Virtua Diredor ASL isimplemented as
Tcl/Tk commands and OTcl objedsin the Open Mash
todkit [McCanne 1997. Theuse of Tcl/Tk provides
an efficient way to prototype and test the dfediveness
of thelanguage and system.

4.2. Broadcast Specification Example

This sedion shows how to convert the human
description presented above in Figure5into a
broadcast spedfication for use by the broadcast
automation service Asaimethat there aetwo video
encoding machines available. One machine encodes
the dides or other content the speaker is presenting.
We all thisstream the content stream. The other
stream, cdl ed the speaker stream, shows the speaker or
audiencemembers. Figure6 listsan ASL program that
might be used to automate such awebcast. 2 The GU
that wil | be displayed for thisprogramis siown in the
“Broadcast Automation” frame of vdc in Figure 1.

2 Tdl/Tk syntax has been simplified to make the
example more readable.



1. # create a button to start the webcast, define proc to call on push
button .start —text “start” —command “startPush”

2

3.

4. # create a button to end the webcast, define proc to call on push
5. button .end —text “end” —command “endPush”
6
7
8
9

. # assign speaker and content streams to video encoding machines
. spkr=1[n ew Stream “encodingMachinel”]
. content = [new Stream “encodingMachine2]

11. # define actions to take when start button is pushed
12. proc startPush {} {
13. source(spkr) = speakerCamera # route speaker camera to speaker stream

14. source( content) = presPC # route presentation PC to content stream
15. speakerCamera fadeln # fade in on speaker (camera service)

16. broadcast(spkr) = true # start broadcasting speaker stream

17. broadcast(content) = true # start broadcasting content stream
18. broadcast(audio) = true # start broadcasting room audio

19. recorder start # start recording service

20. startTime = globalClock # record time of start of lecture

21. startPushed = true # set startPushed variable to true

22. text(spkr) = “Henry Rollins”  # show speaker’s name on speaker stream

23.}

24.

25. # define actions to take when end button is pushed
26. proc endPush {} {

27. recorder stop # stop recording

28. broadcast(spkr) = false # stop broadcasting speaker stream

29. broadcast(content) = false # stop broadcasting content stream

30. broadcast(audio) = false # stop broadcasting audi o}

31.}

32.

33. #rules to cover Step 3 — “show speaker’s name on speaker stream for first minute;

34.# after that, display it every 10 minutes for 15 seconds.”

35. when —checkbox {(startPushed) AND ((globalClock — startTime) > 60)} {

36. text(spk =" # remove display of speaker's name

37.

38. when —checkbox {(startPushed) AND ((globalClock - startTime) > 60) AND
(((globalClock — startTime) % 600) = 0)} {

39. text(spkr) = “Henry Rollins” # displa y speaker’s name

40.}

41. when —checkbox {(startPushed) AND ((globalClock - startTime) > 60) AND
(textDuration(spkr) > 15)} {

42. text(spkr) =*" # remove display of speaker's name

43.}

44. # rules to cover Step 4 — “show close - up for 1 minute, stage view 15 secs”

45. when —checkbox {(source(spkr) = “speakerCamera”) AND (duration(spkr) > 60)} {

46. source(spkr) = “stageCamera” # switch to show the stage camera

47.

48. when —checkbox {(source(spkr) = “st ageCamera”) AND (duration(spkr) > 15)} {

49. source(spkr) = “speakerCamera” # switch to show the speaker close up

50.}

51.

52. # specify any initial actions

53. source(content) = “titleScreen” # broadcast title screen until

54. broadcast(cont ent) = true # lecture starts

55. startPushed = “false” # initialize startPushed variable

Figure 6 - Broadcast Specification File

Step 1 of the cecriptionfrom Figure 5 is covered accomplished by line 22 in combination with rules 3, 4,
by the initial actions spedfied on lines52-55. Step 2 is and 5. Line 22 causes the speaker stream to show the
covered by the diredor pushing the start button. This speaker’ s name when theledure starts. Lines 35-37
input event causes the startPush procedureto be clled, spedfy that 60 seconds after the ledure has started, the
which routes the video sources to the encoding subtitle should be removed. Therules spedfiedin
machines, adds the speaker and audio streamsto the lines 38-40 and 41-43 are only active after thefirst
broadcast, and startstherecorder. Step 3 is minute of theledure, and satisfy the “after that, display



it every 10 minutesfor 15 seconds’ phrase of step 3.
Lines 38-40 spedfy that if the current timeisa
multiple of 10 minutes from the start of the ledure, the
speaker’ s name should be displayed. Lines41-43
spedfy that if the subtitle has been displayed for more
than 15 semnds, remove it. It isimportant to note that
the actions associated with the when rules are only
exeauted when the predicate' s value transitions from
falseto true. Otherwise, lines 35-37 would prevent the
text from being displayed.

Note that the start and end buttons were used to
spedfy trandtions between segments of the webcast.
The start button is used to signal the transition from the
“ready” segment to the “active ledure” segment.

Fall owing the active ledure segment, there might be a
“Q&A" segment, where the speaker stream is wsed to
show the speaker and the content stream is switched to
show theaudience Theend button here just endsthe
broadcast, but one @uld imagine ashort “closing
credits’ video being played before the broadcast ends.
Trangti ons between these segments might be
automated, either by using astrict time schedule, or by
trying to infer trangtions (e.g., by examining audio
levels).

One apparent shortcoming o thisimplementation
isthe neal for the startPushed and startTime variables.
These variables are needed because we would like to
synchronize actions with resped to the start of the
ledure, which is signaled by the push of the start
button. An ided language might have implicit
attributes asociated with buttons and ather objeds,
similar to SMIL 2.0 [Smil 2.0]. Theuse of Tcl/Tk for
the implementation means that we must explicitly
provide this synchronization.

4.3. Virtual Director Broadcast Automation Service

The broadcast automation service (BA) provides
the interpretation of an ASL program likethe example
described in the previous sedion. The BA service
reads a program, evaluate rules, and performs actions
asnecessry. Thissedion describes the
implementation of this service

The BA service parsesthe program and creates a
table antaining all therules, the state associated with
the rules (enabled/disabled), and the actions to take
when therule evaluatesto true. Itisalsoresponsible
for maintaining the global clock. The global clock is
actually just a counter that isincremented once a
second. The Tcl “after” command is used to invoke a
call back procedure every second. The allback is
responsible for incrementing the arrent clock value,
evaluating therules, and exeaiting any necessary
actions. Because the global clock isonly an
approximation, thisimplementation isnot sufficient for
synchronization with events or processes outside of the
broadcast automation service It issufficient, however,

to synchronize esents and actions within a program.
Note that each of therulesisreevaluated every second.
A more dficient implementation based on a4-vaued
predictive logic is used by NSync. Rulesevaluateto
“true”, “false”, “will befalseat time X”, and “will be
true d time X’. Inthe latter two cases, the rule is not
evaluated until the spedfied time, thereby saving CPU
cycles. We used the inefficient implementation
because NSync does not work with Open Mash and we
wanted to experiment with the gplication, not port the
NSync aode.

In addition to providing the basic framework for
implementing the ASL, the BA service provides
implementations of a few different stream and service
abstractions. Two subclasses of the stream abstraction,
notably RvcSream and Real NetworksStream, that
further refine the stream abstraction are used.
RvcStreamistied to an Open Mash remote vic
application, which encodes video sourcesto produce
RTP streams. The Real NetworksStream provides a
Real Networks stream [Fitz 2001]. Changing the
source property of these strean oljectstrandatesinto
RPC commands to anxd that change the mnnedions
within the video routing switcher. Callback eventsare
used to keep the states of the RvcStrean and
Real NetworksStrean objects synchronized with the
actual video routing switch configuration. Each stream
objed registersa cdl back with amxd. When the source
routed to the encoding machine associated with that
stream object changes, the @llback isinvoked, and the
source attribute of the stream object is updated to
refled the change. Callbacks are necessary because the
video routing switch configuration may be canged by
an external applicaion, not just by changing a stream
objed’s source attribute. For example, the human
diredor may dedde to manually switch a stream’s
source using the Diredor’s Console, or the speaker
may change the presentation content. The use of
call backs ensures that the stream object’s source
property is corred and makes the system more robust.

The BA service abstractions provide interfaces to
other generic servicesthat are used in awebcast. One
example of thisisthe player service which providesan
interfaceto the MARS archive system [Schuett 1998].
Theinterfaceto the Virtua Diredor itsdf, whichis
used to enable/disabl e the question monitor service, is
an example of a service spedfic to a particular
production environment.

5. Question Monitor

This sedion describes the architecture and
implementation of the question monitor (QM) service.
The question monitor service monitors microphone
volume levels and dete¢swhen an audience member
has asked a question and wherethey are sitting in the



room. Thisinformation isused to switch cameras, if
spedfied by the BA service, to show an audience
member asking a question.

Recall that the speaker uses awirelessmic and that
threeceiling mics are used to capture audience
guestions. An audience question can be spatially
located in the room by comparing the signal strengths
from the threeaudience mics. Unfortunately, no depth
information can beinferred because themicsarein a
line parall € to the front of theroom. Instead, theroom
isdivided into 3sedions (l€ft, center, right), and the
guestioner isidentified as being in one of these
sedions. Theaudience canera pansto show that
sedion of theroom.

The QM systemarchitectureis shown in Figure 7.
Each mic provides araw volume level which is passa
throughafilter and fed to asdeaor agorithm. The
seledor identifies the dominant mic, based on the
current state and filtered levels from each microphone.
The dominart mic is passed to a state machine that
deddes on the next state which determines who the
QM service Lelieves is spesking and which camera
view should be shown. If the QM servicedecides an
audience member is asking a question, the speaker
stream is switched to the audience @mera and the
camerais moved to show the mrred sedion of the
room. If, on the other hand, the QM service deddes
that the speaker istalking and the speaker strean
sourceis not the speaker or stage canera, the stream is
switched back to the spesker.

Microphones Filter

D=

Filter
Levels

Figure 7 - Question Monitor Block Diagram

The audio level filter isnecessary due to the
characteristics of human speed. Human speed is
marked by pauses and varying vdume levels, so
making adedsion on one data point wil | not work.
Thefilter used hereis athreshold filter with threshold
and history parameters. Thefilter counts how many of
the last history samples were above the threshold level.
The output of thefilter isknown asthefilter level. The
threshold level of a mic determines how sensitive the
QM service is to thatmic. A higher threshold means
that the QM service is lesssensitive to themic.

State
M achine

Audience Video
Camera M atrix
Switch

Threshdd levels can be used to adjust for noisein
individual mics. The history parameter determines
how much “memory” thefilter has. A higher higory
value means that the filter level is determined by more
microphone samples.

The sampling rate for theraw mic levelsis 20 ms,
so thefiltered autput levels are updated every 20 ms.
The sdledor agorithm isinvoked every time_dice ms.
The sdedor identifies the dominant mic at the current
timewhich theoreticdly indicateswho is speaking. By
experimentation, it was determined that atime dice of
250ms was more than sufficient to catch valid
questions.

The sdledor agorithm chooses the dominart mic
by examining the various mic filter levels. To begin
seledion of the dominant mic, thefilter level of the
current mic (e.g., speaker, left, etc) isincreased by
current_mic_bodast to hiasthe algorithm to stay with
the aurrent mic. This heuristic allows audience
membersto pause dightly without losing the focus of
the question monitor. The sdledion of the dominant
mic proceeds by finding the mic with the maximum
filter level.

If the mic with the highest filter level isan
audiencemic, itsfilter level iscompared with the filter
level of the speaker mic. The audiencemic’slevel
must be greaer than the speaker mic’'slevel by at least
spkr_offset_threshold for the audience microphoneto
override the spe&er mic. If the audience mt does not
passthe spkr_offset_threshold test, the speaker micis
seleded asthe dominant mic. Theideahereistotryto
prevent fal se positi ves that may occur because the QM
service deteds a question when it is actually the
speaker voice eciting the audience mic.

Thefilter level of the dominant micisthen
compared against the active level which isaminimum
level that must be reached before any action istaken.
Filter levels below this active level are deaned to be
background noise. If the dominant micisactive, the
state machineis call ed with the dominart mic asan
input.

The dedsion made by the state machine is based
on the current state and the dominant mic chosen by
the sdledor agorithm. The gate diagram isshown in
Figure 8.
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Figure 8- QM State Machine

There are two basic types of states: discusson and
recaet. A recent state signifiesthat the canera view
hasjust changed. A discusdon state signifiesthat the
current camera view has been shown for at least
min_view_time secnds, and that active microphones
can cause transitions. States can be further
differentiated by their mode, which determines which
microphone is asciated with that state. The modes
are speaker, audenceleft, audence enter, and
audenceright. Each mode also determineswhat
cameraview isshown in that state. Note that only
transitionsto recent states cause the cameraview to
change.

Not all states are shown in the sate diagram in
Figure8. TheVirtua Diredor does not have the
remote states, but has audience center and audience
right states analogous to the audience | eft states. As
you can seg each leg of the state machineis similar to
the other legs. Infact, the whole state diagram is
symmetric with the exception that discusgon timeouts
fall back to the default speaker state. Any number of
audio inputs and corresponding states can be
incorporated into the QM service, theoreticaly
allowing it to seled among sedions in the room and
remote viewers.

The state machine startsin the discusson speaker
state. Trangitions ocaur either because a timeout
expires or because a dominant mic became active.
Activemic inputs can cause the state to change when
the arrent dateisadiscusson date. Active micsare
ignored when the aurrent stateisa recent state. This
design guaranteesthat the caneraviews are not
switched too quickly, which isdistracting to viewers.

none

There are two types of timeouts. A recent timeout
occurs min_view_time seands after arecent stateis
entered. It causesthe state machine to trangition to the
assciated discusgon sate. Thereisno aher transition
out of arecent state. Sincethe caneraview only
changeson atrangtion to arecent sate, the recent
timeout ensures that the canera view isnot switched
too frequently. More predsdly, it ensures that the
guestion monitor will show every cameraview for a
minimum of min_view_time seands. We found that
threeseconds was a good min_view_time.

A discussontimeout causes atrangtion from a
discusson state to the default stateif there has been no
active micin thelast max_idle_time semnds. This
guarantees that a amera does not stay on an audience
member if for some reason the speeker does not forcea
trangition by talking. Inpractice, thistimeout isrardy
used because the speaker typicall y respondsto the
audience questions, which causes a state transtion.
Note that while in a discussgon state, an active mic
input associated with the current state will causethe
discusgon timeout to reset.

An active mic not associated with the arrent Sate
causes a state trangtion to arecent state. The state
machine will stay in the recent state until the recent
timeout occurs. At this point, the state machine wil |
trangition to the associated discusson gate. Oncein a
discusgon state, the state machine staysin that state
until an active mic input causes atransition or a
discusgon timeout ocaurs.

For example, asaume the state machineisin the
discusson speaker state. If the audienceleft micis
seleded as active, the state machine trangtionsto the
recant audence left state. When the transition occurs,
the speaker stream switches to show the audience
camera and the canera pansto show the left sedion of
theroom. At thispoint, we aein therecent Sate, so
active micinputs areignored. After min_view_time
seconds, the state machine transitions to the audence
left discusson gate. Aslong asthe audience member
keepstalking, the dominant mic will be the audience
left mic, causing the state to remain discusson
audence left. When the speaker responds, the speaker
mic will become dominant and forceatransition to the
recant speaker state. When thistrandtion occaurs, the
speaker stream is switched to show the spealer camera.

It isimportant to note that the state machine does
not change each time period. Itisonly stepped whena
micisactive. If no micsare active, the default action
isto stay in the same date, as marked by the “none”
pseudo-inputs to the discusson states. Thereason for
this heuristic isthat audience questions may not always
cause amicto be active mntinuoudy. The state
machine therefore asaumes that until the spegker micis
activated, the audiencemember is gtill talking,
regardlessof thelevel of the audiencemic. Thisdesign
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makes the QM service more robust to variations in the
speaking volume of audiencemembers. In practice we
found it dramaticall y improved the QM’s abil ity to
maintain focus on audience members until their
questions were ampl eted.

Figure 10 summarizesthe different parameters that
affed the kehavior of the QM service

The next sedion wil | present the results of
experiments that were performed with this algorithm.

6. Experimental Results

This sedion presents results from experiments
performed with the Virtual Diredor. Sedion 6.1
examines the performance of the question monitor
servicein areal ledure environment. Sedion 6.2
describes theresults of an experiment in which we
compared the actions of a professonal diredor to those
of the Virtual Diredor.

6.1. Question M onitor Effectiveness

The Virtual Diredor was used to automate the
production of several Berkeley Multimedia, Interfaces,
and Graphics (MIG) Seminar webcastsin order to
measure the df ectivenessof the QM service Theraw
mic inputs were recorded for each ledure. These
inputs were fed into the QM service and the actions
taken wererearded. To rate the dfediveressof the
system, we looked at two metrics: recall and predsion.
Recall measures what percentage of actual questions
were @rredly identified. Thereall measurement can
be further broken down. When a question is asked,
there are threepossble responses by the QM: 1) the
guestion can be arredly identified, 2) no question is
identified (i.e., missed question), or 3) a question may
be identified, but the sedion of theroom isincorredly
identified. For our analysis, responses 2 and 3 have
been grouped together as being incorred. Precision
measures how many times the question monitor
identified a question, when there was no question (i.e,
false positives). This can hgppen, for example, when
the door to theroom isopered or closed. These
metrics are defined as foll ows:

Recall = Number Questions Corred / Total
Number Questions

Predsion = Number Questions Corred / Number
Questions I dentified

Both metrics have avalue of 1 in theideal situation,
when all questions asked are crredly identified and
there are no false positives.

The main parameter used to aff ect the QM service
behavior isthemic threshold, which can be
individually adjusted. Thisadjustment affects the

threshold filt er, which determines how easily the mic
can be sdleded asthe dominant mic. We examined the
eff eds of varying the audience mic thresholds whil e
keeping the spegker mic threshold constant at 40. The
history size of the filter and the time_dice of the QM
algorithm were fixed at 50 samples and 250 ms,
respedivey. In this system with many independent
variablesthat are not linealy relaked, we reedd to fix
some of the parametersto find the df ects of the other
parameters.

Figure 9, showsthe dfect of changing the
audience mic thresholds, while keeping the speaker
mic threshold, filter history size, andtime _dlice
constant.

Ratio
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Audience Micrrophone Thresholds

Figure 9 - Question Monitor Effectiveness

Asyou can see therecl and predsion metrics are
inversely proportional. Toincreaserecll, themic
filters must be made more sensitive to noise by
deaeasing the threshold. However, this causesthe
number of false positivesto increase, thus deaeasing
predsion.

The thoiceof aparticular threshold levd is
dependent on the relative value given to corredly
identifying questions versustrying to reducethe
number of false positives. Fortunately, theledure
broadcast environment is one where absolute
corrednessis not required. Missng afew questions
just means that the spealer is shown while aquestion is
being asked. Whilethiserror isnot idedl, itisin no
way “incorred” and does not seriously redwethe
quality of the webcast. Similarly, an occasiona false
positive is acceptable. Indeed, occasionally showing
the audience makes the webcast more interesting to
remote viewers. QM effectiveressonly becomes
significant at the extremes, whereall questionsare
missed, or wherethe audienceis shown every 10
seconds dueto alarge number of false positives. As
long as the thresholds can be dhosen to avoid these
extremes, the QM serviceis an effective tool.

11
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Parameter Name Where Used Description Value Used

threshold mic filter determines how sensitive QM serviceisto |speaker = 40,
this mic audience= 60

history mic filter determines how many of the last samples |50 samples

are used in thefilter level

spkr_offset_threshold seledor algorithm

amount by which audiencefilter level must (8
exceeal speaker filter leve for audience mic
to be dominant

activeleve sdledor algorithm  [filter level that must be reached for micto |10
cause atransition
time dice sdedor algorithm |how often thefilter levelsare dedked 250ms

current_mic_bocst seledor algorithm

amount by which filter level of current mic |5
isbocsted before being compared to filter
levels of other mics

min_view_time state machine

minimum time a @meraview can be shown|3 sec

max_idle time state machine

maximum time in adiscusson state with no|7 sec
active mics before transiti oning to default
speaker state

Figure 10 - Question Monitor Parameters

It should ke noted that seledion of the various mic
thresholdsis a highly experimenta task. Variaionsin
theroom configuration (e.g., air conditioning, projedor
noise, echoes, etc.) influence system effectiveness
Moreover, individual mics may be different, so
thresholds must be separately tuned for each one. The
studio classroom we used had many of these problems.
The overhead projedor iscloseto the center
microphone, so the sensitivity of that microphoneis
much lower than that of the left and right microphones.
Another problem that shows the sensitivity of the
system to outside forces was theinstallation of
equipment in a doset in the adjoining room. Thelow
level vibration caused theright microphoneto be
activated erroneoudly. Thisunexpeded error reduced
the dfectivenessof the right microphone. Inded,
when questions are broken up into different parts of the
room, asin Figure 11, you can seethat the different
mics have significent differences. Theleft mic
performsthe best. The enter mic hasarecdl and
predsion of 0, because none of the center questions
were rredly identified by the QM servicd What
usually happened isthat a center question would be
identified asaleft or right question. For this reason,
the mmeraviews were set up to overlap at the edges.
The externd excitation of the right microphone can be
seen in the poor predsion curve of the right mic.
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Figure 11 - QM Effectiveness by Section

The question monitor did perform fairly well for
the left sedion of theroom however, showing that the
QM algorithm issound. Improvementsin room
configuration aswell as more sophigticaed filtering
would also improve system effectiveness Sedion 7
discusses some of these improvements.

6.2. Human Director Comparison

An experiment was performed to compare webcast
content dedsions made by a professonal direcor and
the Virtual Diredor. The professonal diredor (Vince
Casalaina) haswon alocal Emmy, and has years of
experiencein thetelevision production industry. We
designed a mock ledure that lasted 15 minutes that
incorporated most kinds of interesting events that



might take place during areal edure. These eents
include questions from the audience from diff erent
sedions of the room, writing on the whiteboard, and
changing sources on the overhead projedor. The
human diredor produced awebcast of the mock ledure
and the results were recorded, induding the raw
microphone inputs. We then fed the microphone inpus
to the Virtua Diredor and generated a shot seledion
list using the heuristics shown in Figure 12.

1. If the close-up view has been shown for more than
120seconds, switch to the next view [ next viewis
“stage” thefirst and secondtime, “ audience’ the third
time, cycling back to “ stage” after the third switch]

2. If the stage view hasbeen shown for more than 3
semnds, switch to close-up view

3. If the audience view has been shoan for more than
30 seconds, switch to close-up view

4. Fade-in on the speaker when starting

5. Fade-out on the speaker when ending

6. If the content streamisnat showingwhat is on the
projector, switch the cntent source to be the same as
the projector source

Figure 12 - Original Virtual Director Heuristics

The @mera sdedions made by the human direcor
and software automation are shown in Figure 13.
Remember that our webcast model consi sts of two
streams: the speaker stream that shows the speaker or
audience, and the content stream that showsthe
presentation content (e.g., dides, video, etc.). Only the
speaker stream is shown in the figure,

[] Speaker Camera ¥4 Audience Camera

B stage Camera [77] Actual Questions
a. Professional Director

b. VD - original

c. VD - revised

Figure 13 - Human Test Shot Selection

Thefirg thing we noticeis that the human diredor
started the ledure with the stage ameraand then
switched to the spe&ker camera close-up about 10
secondsinto the broadcast. The Virtual Diredor
started with the close-up speaker shot and faded in.
Another observation isthat the human diredor tended
to stay on individual cameraviewsfor shorter time

periods. Thetypical pattern wasto show the dose-up
of the speaker for approximately 45 seands, then show
the stage ameraview for about 15 seconds. In
contrast, the Virtual Diredor showed the dose-up of
the speaker for 2 minutes, then the stage ameraview
was shown for 30 sewnds. The heuristics also
spedfied that every third switch from the spedker
camera went to the audience @merawhich then
panned over the audience The human diredor never
used audience @mera panning. This content dedsion
may have been because the room was relatively empty
or because the human direcdor was unfamiliar with the
tods. Similar to the opening, the human diredor
switched to the sage canera & the end of the ledureto
end the broadcagt. The Virtual Diredor heuristics
spedfied that the dose-up of the speaker should be
shown and the camera faded out to end the broadcast.

The mock ledureincluded an example of the
lecurer switching the overhead projector to show the
presentation PC insteal of the laptop. The speaker
projeded dides from alaptop computer, and aher
online material was projected from the presentation
PC, which had Internet connedivity. When the source
to the projedor was switched, the human diredor
switched to the stage view for about 5 seands before
returning to the close-up view of the spe&er. This
type of heuristic was not incorporated in the Virtual
Diredor’ s broadcast spedfication.

Anocther interesting diff erence was the delay when
switching the content stream. When the ledurer
changed the projector to display the presentation PC,
the video source of the content stream needed to be
changed. The human diredor, on the average, took
amost 7 seconds to update the content stream. vdc, on
the other hand, propagated the change in lessthan a
second.

The professional diredor andthe Virtual Diredor
also handled questions differently. The human diredor
switched the antent stream to show the audience
instead of the ledure di des when the presentation was
finished. |.e., thetwo streams $howed the audience
member asking a question and the speaker answering
the question side by side. The Virtual Diredor has no
medhanism for deteding this situation and switching
the streans to show these two views. Adding this
capabil ity requires human intervention to remgnize an
extended period of questions during which the
presentation material being projeded is unimportant.
Automating this detedion may require more sensors
(e.g., reaognizing when a speaker uses a pointer on the
projeded image) or more sophisticated heuristics.
Anocther difference between the professonal diredor
and vdc involved the handing of long audience
guestions. When the audience menber askeda
relatively long question, the human diredor switched
to show the speder listening to the question for afew



seconds, and then switched back to the audience
member until the question was completed. The
question monitor currently does not have thistype of
heurigtic, though it could be implemented by using
timeouts in the audience discusson states.

As expeded, the human diredor did a better job of
deteding questions and switching the speaker stream to
show the audience The QM service orredly identified
about half of the questions, and missed the other half,
givingarecl of 0.5. There were two fal se positi ves,
so the predsion was 0.71. The professonal diredor
corredly identified all but one question, though itis
hard to diredly compare the human and Virtua
Diredor becuse the human diredor used the content
stream to show the audience d the end of the ledure.
Asaiming that the human diredor would have caredly
identified the last few questions, hisreall was 0.9, and
hispredsion was 1.0.

The lecurer writing on the whiteboard produced
some interesting observations. When the ledurer wrote
on the board, the human diredor zoomed in onthe
whiteboard so remote viewers could seewhat was
being written. When the ledurer had finished and was
summarizing what was written on the board, the human
diredor switched to the sage caneraview. The
Virtual Diredor currently hasno way of knowing that
the speaker iswriting on the board, so heuristics can
not be spedfied to deal with thissituation. Adding
simple mmputer vision analysis or awhiteboard
recording tod like aMimo [Virtud Ink Corporation]
might yield more information and enable more
compli cated heurigtics to ded with these types of
Situations.

In terms of shot seledion, many of the differences,
such asdurations of cameraviews, were aused by the
fact that the heurigtics used by the human diredor did
not maich the Virtual Diredor heuristics. Werewrote
the heuristics to match the heuristics observed from the
human diredor (seeFigure 14). Figure 13 ¢ showsthe
results of producing a webcast with these revised
heurigtics.

1. If the dose-up view has been shown for more than
45 secondks, switch to next view [next view is “stage”
the first and second time, “ audence’ the third time,
cyclingback to “ stage” after the third switch]

2. If the stage view hasbeen shown for more than 5
semnds, switch to close-up view

3. If the audience view has been shown for more than
15 seconds, switch to close-up view

4. Shav stage @merawhen starting

5. Shav stage @amerawhen ading

6. If the content streamisnat showingwhat is on the
projector, switch the cntent source to be the same as
the projector source

Figure 14 - Revised Virtual Director Heuristics

As you can see the shot seledion dedsions closdly
match the style of the human diredor. Thetranstions
between camera views are more frequent, and the
opening/closing usesthe stage canera. However, these
heurigtics produce very regular behavior, which isnot
like a human diredor. Randomnesscould be used to
make the Virtual Diredor behave more similar to the
human direcor. For example, the durationof the stage
camera could be spedfied as 15 seands, plus or minus
arandom time of 0to 5semnds. Thisexample

ill ugtrates the flexihil ity of the broadcast automation
serviceto allow each diredor to tail or the style of
webcast content dedsions.

7. Experience and Future Work

The Virtua Diredor has been used to webcast
several Berkeley MIG Seminars. Thissedion explains
what worked well, what did not work well, and dffers
some posshle solutions to improve vdc. 1t then
discussestwo diredions for future work.

The Virtua Diredor was clealy useful when
automating simple, straight-forward logistical tasks.
For example, the startup of a webcast was reduced to
the push of asimple “start” button which automated the
actions of turning on the “on air” warning light outside
of the classroom, starting the recorder, initiating
broadcast of the speaker and content streans, and
fadingin on the dose-up of the speaker to begin the
seminar. All these actions occurred almost
instantaneously and the use of the Virtual Diredor
removed the posshility of a human diredor forgetting
to do ane of them, as has happened in the past.

While the use of buttonsin the BA servicewas
amost always beneficial, the dfedivenessof therules-
based automation was not asclea. Someruleswere
simple and producel predictable results. One example
isthe “content stream foll ows projector” rule which
guarantees that whatever video sourceisdisplayed on
the projedor to the local audienceisalso broadcast to
remote viewers. Without this rule, the director must
pay attention to thelecture and manualy switch the
video source being fed to the content stream when the
ledurer changes the projector input.

Other rules produced goad automationin the
general case, but caused problemsin afew, rare
instances. A good example of thistype of situation is
therule-driven camera switching. Therules spedfy a
maximum duration for a given camera, and which
camerato switch to at the end of that duration. Inthe
general case, this produces a professonal looking
video, with perspedive dangesto keg the webcast
interesting. Moreover, the use of customizable rules
allows each diredor to tail or the content dedsionsto
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match hisdireding style. The problem isthat the
camera switching heurigtics are completely time-based,
and do ot incorporate significant eventsin the lecure
itself. For example, consider the ase wherealedure
isgiven by two people, with thefirst lecturer speaking
for 30 minutes, and then turning the microphone over
to the next speaker. When the s@nd lecturer begins
to talk, the webcast should show a close-up of the
speaker with a subtitle giving his name, or atleast
show a stage view during the transition. However, it
may be that the Virtua Diredor happensto be showing
the audience when the trangtion occurs and the new
speaker beginsto talk. To properly automate canera
seledion in this situation, the system must know that
the speaker has changed.

On the whole, we found that the BA service
provides a powerful mechanism for spedfying
automation tasksin asimple manner. Indeed, the
Virtual Diredor originally consisted of severa
additional services, which were later incorporated into
the broadcast spedfication. The “content stream
follows projedor” ruleis one of them. There was
originally a separate servicethat was responsble for
implementing the “content stream foll ows projector”
heurigic. Later, we redized that this application could
be expressed in asimple ASL rule, such asthe
following:

if {source(content) != source(projector)}

source(content) = source(projector)

}

All that was needed was an abstraction for the projector
that provided the aurrent input source Theentire
content foll ower servicewas then reduced to 3 lines of
Tcl/Tk in the broadcast spedfication.

Although the spedfication of rules-based
automation provides a great deal of flexihili ty, the
definition of the rulesthemselvesis fixed throughout
the webcast. Thisrigidnesscen lead to problems.
Consider the amera-switching rule used in the
Berkdey MIG seminar:

if {(source(spkr) = “speakerCamera”) AND
(duration(spkr) > 120)} {

source(spkr) = [next]
}

where “next” seledsthe next camera from thelist:
stage canera, stage canera, and audience amera. This
rule saysthat after the speaker has been shown for two
minutes, switch to the next cameraview. Thenext
camera view isthe sage canerathe first and second
time, and the audience @merathe third time, after
which, the processrepeats. However, the direcor may
noticethat the classroom isunusualy empty and
dedde that the audience view should not be shown.

Unfortunately, this change cannot be made
dynamically in the current framework. Individual rules
can be enabled or disabled but they cannot be
modified. The obvious solutionis to support a dialog
box to change the “next camera’ list, but the arrent
system cannot do it.

The QM servicewas lesssuccessful than the BA
service It performed acceptably for an automated
webcast, but was clealy not as effective as ahuman
diredor. Some problemswere causedby the audio
problemsinherent in our particular studio classroom.
On the other hand, questions from the left sedion of
the room were identified quite well. Given the
simplicity of the algorithm and the low cost of
computation, theresulting performarceis not
surprising. Using more mmplexaralysis of the audio
data, such as speed detection, frequency filtering, and
edo cancdlation of the projedor noise culd
significantly improve performance

Diredionsfor future work can be broken into two
broad categories. 1) improve the existing systemand
2) extend the functionality of the Virtual Diredor. One
posshili ty for improving system performanceis
advanced audio processing, such as speechdetedion
and frequency band filt ering to improve the QM
effediveness The automation spedfication language
could also beimproved by providing more abstractions
and amore powerful set of basic objed properties. For
example, thereis currently no way to diredly say
“threeminutes after the button is pushed, do this....”
Ideally, buttons would have a“push time” associated
with them, and this property would be inherent in the
language itsdlf. Theimplementation of the BA service
could be improved by using a mnstraint system smilar
to NSync.

The interaction of the QM service and the BA
servicealso nealsto be further examined. The aurrent
version of the Virtua Diredor does not addressthis
interaction. Both services have some @ntrol over the
audience @mera and the seledion of sourcesfor the
speaker strean. However, they currently operate
independently, with the only interaction being that the
BA service @n disable and enablethe QM service.
Research neealsto be done to seewhat constraints and
interfaces are nealed to prevent problems such as rapid
camera switching, where a given cameraview is shown
for too short atime, and to determine which service
should dominate in the case of conflicts.

One promising diredion to extend the Virtua
Diredor isto formally study content dedsions by
human direcors and develop systemextensions and
heurigticsto mimic their behavior. In particular,
different content, such asapresidentia debate or a
town meding, will use different heuristicsthan a
university ledure.



Onegoal of vdcisto enable asingle person to
produce several webcasts simultareously. As
discussed above, the system is not perfed, so human
intervention will occasionally be needed. Management
of several simultaneous webcasts isa complicated task,
even with thehelp o the Virtual Diredor. A
framework that can asgst with this management is
needed. Theframework must dete¢ when a particular
webcast needs attention and notify the direcor. One
possble approach isto have several vdcs integrated
into asingle gplication. When a problem is detecéed,
the appropriate interfaceis displayed and the diredor is
prompted to fix the problem.

Another areain which vdc falls short is remote
viewer participation. Currently, thereislimited
support for remote viewersto ask questions. The
Virtual Diredor alrealy contains most of the
infragtructurerequired. Remate viewers can transmit
audio and, optionally, video into the studio sesgon.
The audio could be given as another input to the
question monitor service, and the appropriate video
stream could be displayed when the remote viewer asks
aquestion. Of course, afloor control monitor is
reguired to prevent mischievous viewersfrom
disrupting the webcast at will.

8. Conclusion

This paper described the design and
implementation of the Virtua Diredor, asystem
composed of abroadcast automation service and a
guestion monitor service, that can be used to produce
automated webcasts. Whil e we did not aim to replace
the human diredor in the production environment, the
system reduces the number of tasks requiring human
intervention, and smplifies the webcast production
process The ultimate goal isto have one person
produce several webcasts at the sametime.

The broadcast automation service automates some
mundane, logisticd aspeds of awebcast and reduces
the complexity of the production process Thisservice
uses customizable heuristics to switch between
cameras which resultsin semi-profesgonal looking
webcasts. We performed an experiment to compare the
actions of a professonal diredor to the actions taken
by the Virtual Diredor. The aitomated system
performed adequately but can ill be improved.

The question monitor, though not perfea, did
perform acceptably in aledure stuation. We
examined the performance of the system, lodking at
recall and predsion, and discussed how they are
inversdly proportional, which requires diredorsto
weigh the tradeoff s between reducing fal se positi ves
and increasing recall. We dso discussed the impact of
the performance of the question monitor, arguing that a

few false positi ves or missed questions are not harmful
to the quality of a webcast.

Our experiencehas shown that the Virtual Diredor
isavaluabletod in the production of university lecure
webcasts.
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