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In 1999, American commerce seemed to be
movingtothelnternet. A misanthropecould buy gro-
ceries, books, furniture, and pay hisutilitiesonline—
all without the trouble of interpersonal interaction.
Companieswerejumping onthe bandwagon, affixing
theletter “€” to every serviceor product that could be
sold over thelnternet. Yet despitethiscraze, few of
these new venturesweretruly novel, and looking back-
ward from therubbleof the painful dot-bomb of 2001,
even fewer weregood ideas.

The rare success stories of the e-explosion
arethosethat merely extended servicesreadily avail-
ablein other formstotheonlinearena. Amazon.com
iscata ogue shopping, Priceline.comisan automated
travel agency, and AOL only remains profitable be-
causeit used itsmassive capitalization to moveinto
more mainstream mediaby through acquisitions. One
of thefew exceptionsistheareaof Internet film—a
genrethat isdelivering original content that would not
(at leastin America) otherwise have anaudienceor a
cregtiveforcedrivingit.

What isInternet Film? The most difficult task in un-
dergtanding Internet filmisdefining it by itsscopeand
content. Any experienced web user isprobably fa-
miliar with animation incorporatedinto pagessuch as
theinfamous* Punch the Monkey and Win” promo-
tion, yet would hardly congder such navigationa tools
and advertisementsafilm. Surprisingly, however, the
sametoolsdesigned to make buttonslight upwhena
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user moveshismouseover themhavebeenreimagined
to create animationson par with traditional pen-and-
ink endeavors.

It would then be reasonable to classify an
Internet film asapiecethat can be (but not necessar-
ily) appreciated outside of the context of anindividual
webpage. Thisdoesopen the door for some adver-
tisementsto be considered I nternet films, but given
the blurred line between self promotion and artistic
expression onthelnternet, thisambiguity isaneces-
sayevil.

In order to understand how content fitsinto
thedefinition of anInternet film, consider theexample
of books. Both Kate Chopin’s The Awakening and
Steven King'sRidethe Bullet arereadily available
online, theformer from Project Gutenberg and thell at-
ter from Amazon.com. Whereastheformer isavail-
ablein print form and has probably been read more
often using traditional means, thelatter issolely (asof
thiswriting) availableonthelnternet. 1t wouldthenbe
reasonableto assumethat RidetheBulletisan* Internet
book” becauseitsprimary modeof distributionisover
theweb.

Internet filmsoffer somenuancesof transmis-
sion, however, that are absent in the printed word.
Whereabook isaseriesof characters, easily encoded
viadigital methods, amovieismoredifficult toclas-
sfy. Isabootlegged filmavailableonly onthelnternet
dill anonlinefilm? Whileit hasthe same scenes, script,

and actorsastheoriginal, the audi-

‘ Fl.lllg THE MONKEY AND WIN 520!

ence as well asthe technology in-
volved in displaying it are forever

Figure 1: Internet Ads as Movies? m

changed: gradientsare more abrupt,
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motionislesssmooth, and it isnow watched on com-
puter monitors. A new film converted fromtraditiona
sources— bootlegged from atheater, ripped from a
DV D whose encryption has been broken, or acar-
toon captured from TV —iseasly recognizableinits
new form.

With the exception of theater bootlegging, the
critica differencefromtheoriginal liesinthetechnol-
ogy used to send them over thelimited bandwidth of
thelnternet. The codec, or agorithm that compresses
amultimediafile, istheprimary arbiter of whether a
filmisanunwatchabledigital transcription or atrue
Internet film. Thelogical conclusion, then, isthat the
evolution of Internet film isdependent upon codec
development — progress and development inoneis
contingent on thegrowthintheother and viceversa.

Buzzwordslike* adgptive’ and*“evolutionary”
haveinvaded everyday parlance, and litter busted dot-
commission gatements- fdlout from aworld attempt-
ingto seeminnovativeand freshwithout actudly being
either. Such misuse behoovesusthenrigorously to
construct meaningsfor theseterms. | would argue
that an evol utionary medium isonewhose modes of
distribution areinflux, asensibledefinition giventhe
inherent changeinvolvedin®evolution.”

Yet none of our mediaoutletsare static - new
movie houses with better sound systems and more
screens are popping up everywhere (1), and cable
and satellite systems deluge the viewer with more
choicesthan ever before. Yet theworld of television
andcinemais, at least at most levels, still thesameas
itwasforty yearsago. Hour-long movieshyped and
produced by giganticfilm studiosplay at loca theaters
with popcorninthefoyer, TV isstill dominated by
major networkswho depend on newsand situation
comediesfor thebulk of their revenue, and if ashow
issuccessful, it will reemergein syndication.

Codecs, however, haveamoreprofound im-
pact on the devel opment of Internet film, however,
making anargument for an evolutionary mediuminboth
content and infrastructure more plausible. Codecs
shapethe messagethey transmit. Other than the ob-
vioudy different visud appearancedirectly addressed
inthe quantitative aspect of this project, the propri-
etary nature of codecs al so changesthe distributed
content.

Somethingsjust ook better incertainformats.
No filmmaker in her right mind would attempt to cre-
atealiveactionfilm and then piecetheindividua mov-
iestogether in Macromedia Flash, whichisthedo-
main of animation. Moreover, someformatswork
better for action-packed sequencesthan others. Pan-
ning shots, whenimplemented, arefar lesssuited for
web delivery than stable constant shots. These con-
straintsforcethe adaptation of shooting styleaswell
asdifficult decisonswhen choosing codecs.

The proprietary nature of codecscomesinto
play because often codecsare only distributed by a
singleentity, and only oneplayer (provided by an &f -
filiated company) distributed softwareto play theme-
dia Whentheseplayersare affiliated with hardware
or OS manufacturers, often achoiceof acodecisan
implicit choiceof apreferred operating system. These
programs (called players) are happy to suggest con-
tent that viewers can watch, thusaltering theviewing
habits of thosewho usethe players, which then cre-
atesadvertisng revenuefor the content providers. The
exclugvity and technological limitationsaffect theus-
ers mediaexperience: what he sees, how he seesit,
andwhat other online programming he' [l watch.

Content creators conscious of these differ-
enceswill then choose acodec that their target audi-
encewill beableto use, and then keep thelimitations
of thecodecinmind when creatingtheir films. Thus,
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theworld of Internet film changesevery timeanew
codecisintroduced. If itistechnicaly better, and more
peoplewill beableto useit, thenit will beadopted by
theindustry. Unliketheworld of television and the-
ater, dragtic changesin ddlivery can beaccomplished
overnight - consumersdon’t need anew televisonor
theater, just anew player, and more often than not, the
supplier of the codec and the player are often onein
thesame.

voorem 1 AmiT e

QuickTime 3

* f WindorasMeda.corn

P =
= Searching).-

Fiqure 2: Media Plavers m

Introduction

Filmisasmuch about the content asthe pre-
sentation. Ornate cathedral s showcased the glamour-
ouspicturesof theroaring twentieswhiletheflat-roofed
stucco buildingsof thethirtiesreflected thetruetolife
socia realismthat emerged with nickel cinemamati-
nees. Theaudience sperceptionisshaped by theway
thefilmisddivered. Inthespirit of Marshal McCluhan,
themediumisthe message.

Much likethe development of video cassette
and urban cine-plexes, the mediaindustry isundergo-
ing aparadigm shift (2). Themusicindustry hasal-
ready seenitstraditional distribution modesundercut
by the development of web alternatives, but the es-
sence of the mediaremains unchanged - peoplestill
usespeakerstolistentomusicthat isidentical to con-
ventiona counterpartsin quality and content.

Unlike music, thequality of Internet-distrib-
uted content isnot on par with traditional sources. A
greater emphasisisplaced onmediathat iseasly com-
pressed - like animation and computer-generated im-
ages. Moreover, rather than feature length films, the
primary content produced by web-focused produc-
ersisonrelatively short filmsthat apped specificaly
tonichemarketsfrom Star Warsfansto gaysandles-
bians (3). Such direct distribution methods are
“orient[ed] towardsthe needsof theaudience,” unlike
traditiond media(4). Henry Jenkinsof theMIT Tech-
nology Review specul atesthat homebrew filmswill
underminetraditiond outletsand usher inanew digital
renai ssance unencumbered by market concerns.

Likemusic, filmisfacing the samethreat of
piracy andintdlectud property dissolutionfrominternet
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communitieswherefilesare shared without regard to
copyright laws. Whilefilmsrequireagreater infra-
structure than the much hyped mp3 revolution, the
development of broadband I nternet delivery viaagents
like Gnutellaisasmuch acausefor darmfor thefilm
industry asNapster wasfor themusic community (5).
Current filmandysisisdtill focusngontraditiond film
venues- whenit doeslook at filmsdesigned for the
web, such asthewildly popular Lucasin Love, the
filmisoften removed from the context whereit gar-
nereditssuccess(2). Thelnternet filmrevolutionis
still seen asan oddity - aglitzy modern paracinema
that isaconglomeration of art-housefilmsand deaze.
Whilesomeindustry ingderssuch asDreamworksare
embracing technology, most fear it. Oncean Internet
film breaksout, copiesare sent to university depart-
mentsand criticson traditional media, thuschanging
the way the movie was meant to be viewed. The
I nternet isseen asatertiary medium - abridgeto more
lucrativeoutlets(6).

Thetechnical aspects, however, play avita
roleinwhat thefina imagelookslike. At somepoint
inthetransmission of analog dataover theInternet, a
guantanization must be madeto convert the continu-
ousdataof thesourceinto discreteinformation. Even
when the source dataisdiscrete and compressed, such
aswith DVD quality MPEG-2 or digital video, the
datarateisfar tooinfrastructure-intensivefor current
networksto handle. Wewill ignorelosslesscompres-
sondrategies, astheseareirrdevant for multimedia
Instead wewill focuson compression strategiesthat
have becomethelinguafrancaof the onlineworld:
MPEG, AV, Red Video, QuickTime-affiliated codecs,
and the new Microsoft codecsderived from MPEG
(Motion Pictures Expert Group.

Chronologically, thefirst of the codecsto be ex-
amined wasdevel oped inthemid 1980sasapart of a

hardware package, but quickly moved beyonditsbe-
ginningsto becomeincorporated and amost synony-
mouswiththe AV1 video format used inwindows(7a).
The codec uses a technique called vector
guantanization, which assgnsthe changesof each pixe
(or group of pixels) toavector. Clearly, somechanges
from frameto frame are going to be more common
than others, and thistechnique assignseach of thevec-
torscorresponding to theentire pictureto smpler code
words. Morecommon vectorsarerigoroudy defined
whilethosethat occur lessfrequently aregiven broader
definitions, leading to acceptablelossof imageinfor-
meation (8).

Closaly related to Intel’sIndio codecisRadius's
Cinepak codec, which also employs vector
guantanization. Cinepak islessprocessor intensive,
however, and isoften used instead of 1ndeo because
of user hardwarelimitations (or the perception thereof).
Because of QuickTime's adoption of the Cinepak
codec early on, the Cinepak codec has seemed to be
associated with the Appl e platform while Indeo has
become more associated with the Windows platform.

The Sorenson codec, released in 1998, a so uses
vector quantani zation, but also employsmotion pre-
diction to improvethe quality of video at very low
bandwidths (Brady). Themotion predictionlooksfor
blocksof framesthat aresmilar to blocksin previous
framesand then encodestheinformation based onthe
similarity to those previous blocks by conducting a
bruteforce search of surrounding areasin subsequent
frames (CodecCentra Sorenson).

Whilethepreviousthree codecscanbeviewed
inasort of continuum of development, aparallel de-
velopment was occurring about the sametimewith
the Motion Picture Expert Group which wasdevel-
oping an international and non-proprietary ana og of
Intel’s Indeo. From 1989 to 1993, MPEG devel-
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oped astandard for digital video compression based
ontheDiscrete Cosine Transformwith frame predic-
tion which movesimagesfromthe spatia domainto
thefrequency domain, reducing redundancy and al-
lowing for eas er quantanization with lossy compres-
son (Avila). Becauseitisnot proprietary, MPEG has
become awidespread standard becausethereareno
licensing fees associated with creating hardware or
software encodersor decoders.

TheMicrosoft Video codecisderived froma
newer codec from MPEG called MPEG-4, which
builds upon their proven success. MPEG-4 employs
video obyject planes, deformabl etexture segmentation,
and quad-tree coding (9). Microsoft has adapted
MPEG-4, dthough specific changesremain unclear.
Microsoft’sembrace of MPEG-4 in their new WV
codec hasmade it amarket leader despitetherela-
tively late release and substantial software overheads
(PressPass).

The Real Media codec also employs ade-
rivativeof the Fourier transformation, but first decom-
posesthesignal into frequency bands. Thistakesad-
vantageof thetime-resolution propertiesof sgnasand
givespriority tothecrucia informationfor theimage
discrimination to be sent first, and scaleswell to set-
tingswherethereisvariable bandwidth (10). Despite
itsearly adoption acrossthe Internet (11), Real Me-
diahasfallen behind Microsoft in many areaswhere
scaability isnot asimportant asquality.
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Procedure

OO NO OIS~ WwWwDN -

Hypercam 2.0

Java 2.1

MATLAB 6

RealPlayer 8

SCIELAB Matlab Module 1.0
SPARC Solaris Workstation
Sony DCR-VX1000

Terran Cleaner 5

QuickTime 5 Pro

10. WindowsMedia Encoder

Procedure

GammaCorrection

1

Theimagewasloaded into an array with RGB vauesintherange[0, 1]. Thiswasstoredinthe
programinanarray of classesthat had threeinterna e ementsconsisting of ared, greenand blue
element. Theimage could bethought of asamatrix of 1 x 3 sub-matrices.

[""11=511=’511 [’"1c=51.:=‘5'1c
IE H " H

['rrlagrhbrl] [’“rr’g?f’bﬁ] Equation 1 m

Sincetheonly S-CIELAB implementation availableisonly the Stanford Matlab version, the
same quantani zation and gammacorrection procedurewas used so that results could be verified
to ensuretheaccuracy of theagorithm. Thisrequiresadifferent organization of thematrix eesily
achieved through afunction to change thelocation accessed by each index.

Equation 2 m
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3. Please note that the method used by Zhang in the Stanford SCIEL AB implementation, which
called for areindexing into an mx 3n matrix, was not used.

4, Thematrix wasmultiplied by ascalar, and thefloor function wasmappedtoit. Thisallowsthe
valuesto correspond with agammacorrection factor in the matrix.

[l 7 L LT
|_'|.': Al e Bl I_'r: Il*'||J-

L=le*r]=(l@*n ] €% ] (274 ]
| Pl .i'_ - i i
@] e8] 1272 ] Equation 3 m
5. The corresponding gammacorrection vauesare obtained by replacing the previousvaluewith

thelookup table val ue and putting the matrix back into the original imageform, thus mapping
linear display intensty tordlativelinear display intengty.

Edge Detection

1 Withinthe SCIEL ABImageclass, afunction to detect the edgeswithin animageafter it had been
passed to the class viathe constructor wasimplemented. A new imageiscreated, wherethe
edgesof animagearehighintensity regionsand non-edgeregionsareblack.

2. Because Javastoresinformationin aBufferedlmage asaraster, the edges- placeswherethere
aremgor color gradients- can befound by applying an appropriate convol ution transformation.
Thefollowing kernel from the Javadocumentationisapplied:

o -1 10
k=14 -1 10
oot Equation 4 m
3. After theconvolutionisapplied, itisstored in anew Bufferedl magewithinthe SCIELABImage
class.
Converting RGB valuesintoLM S g Tl g g e
1. Thedesired matrix formwasthree- r—
column, requiring following thetransfor- : I
métion: y |
2. Oncethetransformationismade, thefollow-

ing result wasobtained (whereL, M, S, R,
G, and B are column vectors):

3. Therelative absorption of each of thethree
retinal conetypescan now bedisplayed on
screen.

Theactua implementation of the color separa-

tionandimageandyssisshownin screenshot

1, whichisthelmageDisplayer class. The e i fmes s e pusen o st s e

B gt T L o o 191 Mgt o o b 2 y

figure outlines the contents of the ?:'hﬂ:n:::ll'?c Ir\-l:;r:lrr:r;{
ImageDisplayer frame. h .
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Runningthe SCIEL AB algorithm

1 A new script was created that takestwo input images, convertsRGB imagedatato LM S, and
then cdculatesthecolor error using theMatlab filesobtained from thelmaging Group at Stanford.

2. Theoutput of the a gorithm wasthen directed to output fileswhich could then beread by any
application. Because Matlabisproprietary, anew standal one program was created that would
perform the sametask even on platformswithout Matlab.

3. Theoutput filewas saved to ASCI | text and then reformatted by an additional C++ program
that read inthefileand replaced all whitespacewith carriagereturns.

M otion Deter mination

1 Becauseit wasdesired to correl ate compres-
sonquality withmation of animage, ameansof moni-
toring the motion of objectswithinapair of images
wascreated. Thegenerd outlineof theof thefigureis
shown below. A constraint whichisfedinto thepro-
gramisthe maximum distanceto searchfor aneigh-
boring edge.

2. If thealgorithm exceedsthedistancein pixels
another edge can beinthe previousimage, the search
abortsand returnsnegativeone. If the pixel inques-
tionwasnot an edgeinthefirst place, it'svalueis-2.
3. Thiscomputationiscarried out by themotion
class, whichreturnsan array of integersfor each pixe

Figure 3: SCIELAB Error gy  'ntheimage.

4.  After someinitia experimentation, “motion”
detection wasa so deemed useful inlooking at two images compressed with different codecs.
Edges should bein the same position in acompressed image asthey arein an uncompressed
image. Thus, any “motion” can be considered additional error.

DisplayingMotionand Errors

1 A method of displaying theseimageswas needed, so asimple classwithout the massive over-
head of ImageDisplayer was created for quick and dirty cal culation and viewing of imageerrors
andmotion.

2. Theimagewasturnedinto ahdf-intensity
grayscaeimage. Using theother half of
theavailableintensity range, theerror va-
uesweredisplayed using the blue channel
and motionwith green.

3. Sincethe SCIELAB errorsweresaved as
positive real numberswithout an upper
bound, an arbitrary upper bound for er-
rors(17.5) wasused asthe maximum er-
ror. Becausemost errorsarefar lessthan
thisvalue, theamount of error iseasily vi- Figure 4: Error and Motion m
sualized throughout animage.

f&: Error and Motion Detector
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Each of the edgeswas displayed with 1/4 green intensity, and the avail able quarter of thegreen
intensity wasused to diplay motionrelativeto theval ue of the* maximum distance” - thegrest-
est number of pixel sthea gorithm would ook to find another edge.

The screenshotsbel ow demonstratethisdisplay. Thefirst merely showsmotionwhilethesec-
ond showsboth error and sameimage” motion.” Thetopimagesdisplay the edgesdetectedin
theimage (compressed or previous).

MovieProcessing Procedure

1.

Film sampleswere collected using aSony DV Professiona grade camera. Carewastakento
ensurethat awiderangeof lighting conditionsand motionlevel swere observed. Approximately
oneminute of each Situation wasrecorded - the scenes collected are bel ow, withasmall image
of thefirst frame (theseimagesarefrom the uncompressed source), ashort description, and the
name associated withthemovie.

In addition two thefour live action videos, two public domain cartoonswere downloaded inthe
MacromediaFash format and converted to 30 fpsimage sequencesusing Quick TimePro5and
thentoaDV stream using Terran Cleaner 5.

The sourcetape wastransferred to astandard 30 MB/sec DV video fileand chopped into 30
second clipsusing Final Cut Pro editing software.

The sourceswere then moved into Terran Cleaner 5 and then converted new fileswith the
following codecs set at 400 x 300 pixel dimensionsat 500 kbs:

These codecswere selected because of thewide use, historic significance and clout withinthe

industry. Notableomissionsinclude MPEG - 2 and MPEG - 4 - theformer isdesigned for high band-
width settings outs dethe scope of the project and thelatter was unavailable at thetime of the encoding.

5.

10.

Individua framesof the movieswerethen extracted and saved asuncompressed TIFF imagesat
2 fpsby QuickTime Pro 5 from both the uncompressed DV fileaswell aseach file compressed
by theindividua codecswhere possible.

If QuickTimewasunableto read thefilesafter they wereencoded (Real and WindowsMedia),
afreeware program called HyperCam was used capture the moviesfrom the screen raster and
saveit to an uncompressed AV file- Quick Timewasthen used to extract theimagesfrom these
sources. Becauseof dight jitteringinthefirst few frames, new referenceframesfromthe DV
fileswere encoded for the Real and WindowsMediafiles.

The sourcefileswere scaled down to 400 pixelsby 300 pixelsusing aB-Splinefilter.

A Unix script waswritten to process each of thefilesthat outputted the average error of each
image comparison from the source and encoded file aswell asthe motion from the previous
frameexamined.

It wasassumed that the average error for each frameisapproximately normal sinceitisaverage
of 120000 pixels(Central Limit Theorem). An ANOVA test wasrun for each of theclipsto
determinewhich codec (if any) created theleast amount of error using, rejecting thenull at 95%
confidence.

Since motion seemed to beageneral linear trend with variation about said linear trend, smple
regression model swere cal culated for each codec using error asaresponseto the motion factor.
Ther-squared factor was cons dered the most important factor, asvariation within theerror was
explained by variaionwithinthemotion.

Internet Film as an Evolutionary Medium
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Results

These are the films shot with the Sony DV camera. Each
are thirtyseconds in length, and contrast in visual com-
position.

Action
Filmed

Thisvideo wasshot at theintersection of Foothills
Boulevard and Dartmouthin Claremont, CA - just ] T
north of the Claremont Colleges. Carsare passing
through theintersection quickly inbright daylight.
Thebackgroundisrdatively static.

s o

_._..—
-

Bender
http: //www.flashkit.com

Created by Diego C. Zuberbuhler, thisanimation
featuresintense action sequencesaswell asfairly
vibrant color sequences. Thisfilmalso hasseverd
stretcheswherevery little changesfrom oneframeto
the next, which hel psto demonstrate some com-
pressionquditiesof animations. Thiswasconverted
toDV fromthe SWFfileby QuickTime.

Kids
Filmed

Asthe cameradowly pansacrossthe garden, two
small children run acrossthefield of view of the
camera. Thisfeaturessubdued color, somemotion
and moderatelight.
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Light Talk
Filmed

Thisfilmwasshot using medium light and astation-
ary camera. Theparticipatesmoved around dightly,
but were primarily stationary. Thisvideowas
designed to emulate newscasts.

Moon
Gnutella

Thismonochromeanimation wasdownloaded from
afilesharing community to emphas zethe advan-
tagesof an animation created usngasmplecolor
schemeaswedll asvery dight motion asthemoon
movesacrossthesky. Thisfilm, like“Bender” was
convertedto DV from Flash by QuickTime.

Out
Filmed

Also shot on the Scrippscampusinabrightly it
open garden, thisslowly pansacrossascenewith
limeted color depth but bright colors. Littleis
moving or changing except theframeitsalf.

Internet Film as an Evolutionary Medium
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Results

After each of the clipshad been processed using the SCIEL AB agorithm, the output wasfed into
MINITAB, astatistical anadysisprogram, wherethe best codec for each clip wasdetermined using an
ANOVA test. A summarry of theresultsarebelow. The completeinformationisavailablein theappendix.
A short summarry of theinformation intheappendix isontheright.

Clip Codec Error Mean S.D. Comments

Action WM 8.0 12.978 3. 825 The MPEG4 standard was designed
to handlelargeamountsof motion -
thisresultisconsstent with those
dams

Bender WM 8.0 7.313 1.400 Thiscartoon aso had many instances
of quick moving scenes, thusgiving
the edgeto Mircosoft’s codec.

Kids Indeo 3.448 1.239 Therewasno clear codec withthe
lowest error - Cinepack, Indeo, and
Sorenson had overlapping confi-
denceintervals. Thelimited color
range hel ped these codecs.

Moon Cinepak 0. 8433 0.0778 WindowsM edia sconfidenceinterva
alsooverlappedfor thissmple
animation.

Light Tak Cinepak 0.737 0. 107 Indeo’sconfidenceinterva aso
overlapped. Thesetwo codecs
performingwell isconsstent with
their evolution from teleconferencing
codecs.

Out Cinepak 9.731 1.135 WindowsM edia sconfidenceinterval
also overlapped.

WindowsMedia had four clips where it was the leading codec
(Action, Bender, Moon, and Out), as did Cinepak (Kids, Moon,
LightTalk and Out). Despite equivalent performance, there
seems to be a definite preference for WindowsMedia within the
market.
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Frame 9, 55

As the frame
washes out or
decreases color
depth, the error
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While very few pixels are -20
moving, my algorithm Frame #
picks up the sharp out-
line of the moving “mouth”
and assigns a high mo- Motion Intensity
tion value.
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Codec Errors with Confidence Intervals e N Yy
Frame #
Mean Error ‘—Q—Average Motion per Pixel ‘
Leyel N Mean St Dev
befder 59 .66 4.758 (-*-)
bender _a 59 16.16 3.507 -*-) ANOVA
bender _qg 60 16.32 3.601 -*-)
bender _m 60 23.99 5.740 (-*-)
bender _w 30 7.313 1.400 (-*—
bender _r 30 15.76 3.531 e Codec with least
SCIELAB error
Pool ed StDev = 4. 201 6.0 12.0 18.0 24.0
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Results

The R-squared adjusted values for each of the linear regressions (Error vs. Motion) is below. Those codecs with R-squared
adjusted values above 5.0% are shaded.

Sorenson Indeo Cinepak Real W MPEG
Action oo 00, 2.2 oo oo 20
Bender 2.0 07 oo oo oo ]
Kids 5. 1 956 294 0o 147 301
Moon 00 0.0 0o 0o 0o 03
Light Talk | G0 0.0 oo 2.3 0o oo
Out 10.5 22.2 7.8 0o oo 453

Thetwo moviesthat had panning shotsand the M PEG codec showed high R-squared val ues, thus
implying that shotswherethe entirefield isin motion or those encoded with the M PEG codec will likely
havehigher error.
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The sprawling corporationsthat were created
during the seventiesand eightieswere unlikeanything
that international corporate culture had ever seen be-
fore. Not only werethere gargantuan corporations
straddling the globe, but these companieswere aso
highly centralized and coordinated, withintricate sup-
ply chainsdictating the course of everyday affairs.
Consequently, ademand was created for means of
communication that would alow every aspect of the
corporation to be able to communicate across conti-
nents.

Therewereaready methodsto communicate
acrosslargedistances, but ascompaniesrealized that
visual communicationwasnot just possible, but actu-
ally feasible, asubstantia effort waslaunchedto cre-
atereliableand cheap visua communication over ex-
isting networks. Theresult wasthe H.261 codec de-
signed for transmission of imagesthat didn’t change
much from one frame to the next. Unlike modern
codecs, this was designed for data rates that were
multiplesof 64 kB/sec, relatively inflexiblefor modern
use, where bandwidthscan vary without warning (12).

Despite hype about video phones, therewas
little possibility for thistechnology to cometo home
usersfor sometime. Theseapplicationsrequiredthe
devel opment of dedicated linesand aunified standard
for interoperability. Evenwith the development of
faster and faster connections, theresidentia dial-up
accesswasstill limited to 14.4 kbsuntil 1994 (13),
andwithmaost computer usersunwillingto makealegp
to using multimedia- they were till figuring out the
basics.

Asquoted in Wired M agazine, the president

Discussion

of RealNetworks, then called Progressive, wasfo-
cusngonaudio:

“There was an overwhelming impedance mismatch between
the existing consumer-infrastructure 486-based PCs and 14.4
modems and the requirements of video.” (14)

Neither thecomputer hardware nor the band-
widthwasin place. Whileteleconferencinginthecor-
porateworld wastaking off, theseinitiativeswereus-
ing specidized hardwarelikethat usedintelevisionto
broadcast and encode their message. The PCsin
homesweredesigned for clerical tasks, not multime-
dia

With the adoption and support of 56k mo-
dems, aswell astherelease of Windows 95, which
caught upto Appl€ ssupport for multimedia, thetech-
nology wasin placein 1996 for aprovider to develop
online content for streaming. Real Networks, which
had aready established itsdlf hasadigtributor of Internet
radio entered the field with the fairly adaptable
Red Video codec. Claming*“newscast” quaity video
(15a), RealNetworkslined up severa major content
distributersmonthsafter the announcement of itsstan-
dardin 1997 (15Db).

When RealNetworks premiered in 1997, it
showcased short films by director SpikeLee, alive
actionfilmfeaturing atap dancer talking about hisshoes
inacloseup shotsand arelatively short cartoon. Al-
reedy, thetrendsof s mplifying content and color depth
werein play - thetap dancer only briefly danced, and
L ee predominately employed closeups of hisshoes
and face, cutting the scenesrather than panning. The
cartoon - animation hastraditionally been the strong
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point of RealVideo - wasaso rather smplistic. Still,
the effort was derided by many of thecriticspresent,
who called Real Video content “teensy, grainy, jerky
pictures’ (14).

I nternet broadcasting becametrendy, with the
Rolling Stonesand Mg or League Baseball gettingon
the bandwagon, but thetechnological limitationspre-
vented all but afew content providersfrom sending
out quality content. For severa years, theonly mgjor
form of Internet broadcasting available were news-
castsfrom CNN and M SNBC, who directly converted
their television content to Real Video and streamed it
over thelnternet.

The emphasis on news broadcasting is not
surprising, considering the strong performance of the
Indeo codec—the oldest of the bunch—for shotswith
limited motion and color depth. The low quality
worked for information pushers, who had asubstan-
tial user base that could transition easily from the
streaming radio broadcastswhich were dready popu-
lar, but thelow quality scared off themainstream dial-
up user.

Themagority of Internet filmsthat were made
just after therel ease of Redl Video wereether excru-
ciatingly long MPEGSthat forced usersto download
theentirefile beforeviewing - adistribution strategy
that only redly took off intheadult entertainment arena
- or animationsthat took advantage of their visua sm-
plicity. It wasthisnichemarket wherethemajority of
onlinefilm growth would emerge, straining thebound-
ariesof technology.

MacromediaFlash, atoolkit designedtofa-
cilitatetheincorporation of multimediainto webpages,
wascrested mainly for buttonsandrolloversfor HTML
navigation, but certainly not for longer movies. Yet,
giventhewesk performanceof the pre-existing codecs
for animation, peoplethinking about breskingintothe

world of onlineanimation thought that something bet-
ter could bedone.

| spoketo Lawrence Marvit, who created an
onlinefilm called Cupidsfor Thrave.com, about his
involvement with Internet animation. Helikened the
processof adapting Flash for animation and moviesto
using turntablesfor DJ* scratching,” creating anew
musi cal form by altering how traditiond vinyl records
areplayed. Flash animation hasbecomeincreasingly
popular, with games and cartoon seriesmoving onto
theweb. Thetechnology alowsanimatorsto stretch
their wingswithinstant user feedback andinteraction
intheanimation process.

Because Flash storesinformation about the
individual layersof colored shapesand their motion
acrossthescreen, theanimationissgnificantly smdler
than most codecs could offer - without degradationin
quality. EvenwhentheFlashfilesarerendered, they
takeup significantly less spacethan their live-action
counterparts. Sowhilethedifficultiesof Internet film
had been solved for animation and workable alterna
tives had been found for newscasts, abroader solu-
tion had not been found that would work for any type
of media- the explosion in animation could not be
duplicated, despite numerousattempts.

With therel ease of the WindowsMediafor-
mat in 1999 along with the continual improvements
offered by Cinepak and Sorenson, a new wave of
Internet film was made possible asthese codecsdid
not have high correlation of error to movement - un-
like MPEG - and d so had relatively lower error than
Sorenson and Cinepak for liveaction. AtomFIms, a
Sesttle company, began airing short filmson theweb.
MediaTrip.comfollowed upwiththesmash hitsLucas
in Love and 409, which quickly brought onlinefilm
theattention of thegenera public. Theintroduction of
the Microsoft codecs based on the MPEG-4 stan-
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dard hasalowed the creation of content that worked
well regardlessof thetypeof film being compressed.

Nevertheless, theworld of Internet Film has
been primarily focused on filmswhich do not stress
thetechnology. Nusshaumand Levy’sGeorgeLucas
in Love, atongue-in-cheek parody of the Star Wars
director’s college days, featured
tight close-upsto convey facia ex-
pression, often cutting off thetop of
theforehead and chinintheir shots.
Panning wasdonedowly, if at al,

nection can nolonger support quaity images. Two of
the more popular animationson AtomFilmswere A
Letter from the Western Front and The Periwig
Maker, which both used extensve narrativesto over-
lay the film'simages. A Letter from the Western
Front aso used only still imageswith dight animation

and the numerous visual gagswere over thetop - a
vaudeville approach to ensure that the movie' smes-
sagegot past the codecs. Whilefew action filmsbe-
comepopular inonlinefilm- whichisseverely domi-
nated by dramaand comedy - action filmslike 405,
about amotorist caught in the path of alanding air-
liner, don't rely onintense action sequencesto convey
the story. Bruce Branit and Jeremy Hunt only em-
ployed two scenesthat had significant motion, therest
was building up of suspenseor implied action.
Additionally, aspoken narrative has become
acentra aspect of many of themoresuccessful online
films. Apart fromhepingtoquickly establishthemood
of ashort film (adictate of the viewing environment -
mainstream viewersdon’ t want to spend hourssquint-
ing at their computer monitors), the narrative helpsto
supplant thevisua imagesof thefilm when the con-

Figure 5: Wong Kar Wai Online and Off m

The scenes from In the Mood for Love (left)
and The Follow (above) both concern the dis-
cussion of an illicit affair. Despite similar mo-
tifs in each film: close observations of hands,
choreography of actors following each other,
etc., the director employs vastly different cam-
era shots in analogous pivotal moments.

for flickeringlightsor drifting clouds, cresting haunting
Imagesthat aren’ t disrupted by swift changesor mo-
tionwithinascene.

Riding high onthewave of thedot-comrevo-
lution, various | nternet film housesemerged, offering
varied content. PlanetOut and AtomFilmsboth of -
fered alarge selection of gay and lesbian films, which
had heretofore been confined to thefestival circuit.
Likewise, Sandrine Cassidy of USC saidthatin De-
cember of 1999, shewas* recelving phonecdlsevery
tenminutes’ to put their content online. After signing
an agreement with USC, AtomFImsbegan streaming
USC’sfilmsinthe WindowsMediaand Real Video
formats.
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Discussion

Codecshavea so enabled piracy toflourish.
Just asthemp3 codec dlowed musicto betransferred
onlinewith ease, video codecs have created alarge
piracy community comparableto themoreinfamous
Napster in depth if not breadth of files exchanged.
Likethemoreconventiona Internet film community,
pirates have moved with each major codec rel ease.
Whiletheearly daysof videofiletrading weremostly
pornographic MPEGs minuteslong, Real Video has
alowed massvearchivesof The Smpsonstofindthelr
way online, and the WindowsM ediacodec - beitin
the hacked DivX ;) form - hasallowed for the major
Hollywood blockbustersto emergeonline. Inan at-
tempt to stemthetide, the mgor studioswill soonrall
out andterndivetopiracy - essentidly thesamemovies
encoded inthesameway - for limited rental.

Internet Relay Chat, or IRC, grew asaway
that people could talk to each other without connect-
ing to centralized servers. A user would connecttoa
central server, which servesasonly adirectory for the
rooms that users have created on their computers.
Onceauser createsaroom and other people connect
toit, theroleof theserver isfinished. Onceinaroom,
the people can talk to each other - such chat rooms
becametheforumsof Internet discussion asconnec-
tivity spread acrossthe nation.

People used the IRC and mIRC (adight de-
rivative) softwareto discusstheir favorite programs,
and oncefile sharing was added to the software, the
samerevolutionary programsand hardwarethat en-
abled moviemakersto godigitd with just ahome PC
adsodlowed homeuserstorecord programsfromtele-
visionor videocassettesjust aseasly asthey had done

withVCRs. Rather thanjust talking about the shows
inthe chatrooms, people began sharing the shows.

Such meansbecametheonly reasonableway
for peopleoutside of the united statesto watch popu-
lar American programs, asmany nationsonly canwetch
US showsafter they’ vegoneinto syndication. Like-
wise, East coast users can put out atelevision pro-
gramtwo and ahdf hoursbeforefansintheMountain
and Pacifictime zonescould watchit legdly.

The concept of IRCisstill the primary means
of distributing pirated materid - but it hasbecomemuch
more decentralized and more accessibleto thetech-
nologica neophyte. Just like Napster created apopu-
larization of themp3format and music piracy, thereis
now acritical massof users populating the distributed
filesharing systemsof Gnutella, dlowing userstoshare
filesover thelnternet ingantly, but unlikeNapgter, there
isno centralized agency that can be held responsible
for theactionsof the usersof the system.

Firacy, however, presentsanintriguing way of
analyzing which codecs users prefer to use. Often,
multipleuserswill createversionsof apopular televi-
sion program for trading online - when usersdown-
load awork, they too becomedistributors. Userscan
now download the samefilefromthem aslong asthey
havethere Gnutellaprogram running. Thus, demand
instantly createssupply, resulting inthe most popular
format becoming readily available.

Moreover, we need not worry about therela-
tivepricesor availability of codecs, asthe peoplein-
volved obvioudy havelittleregard for intellectud prop-
erty. SinceInternet piratesarerelatively unencum-
bered by the constraintsof licensing costsaswell as
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distribution annoyances (they are creating content for
themselves more than others - sharing is an after-
thought), thoseinterested in codec adoption have an
opportunity to seewhichformatsare preferred by the
community asawhole.

Itisperhapsnaiveto overlook factorssuch as
ease of use during the encoding process, but many
encoders support multipleformats seamlessly (such
as Terran’sCleaner), and theencodersavailablefrom
the top codec makers are all fairly easy to use for
someonesavvy enoughtounlock aDV D usng DeCSS
or acapture card.

Codec Gnutella Hits
Microsoft, including DivX ;) 230
MPEG 47
Red 36
Indeo 14
QuickTime 7

TheCiritic, an acerbic animated comedy
starring Jon Lovitz, hasbeen picked up by ABC,
Fox, and Comedy Central beforefindly findinga
new lifeonthelnternet. Here, it hasmovedto
shorter formatswith fewer characters, yet till
mai ntai ning itsscathing parodiesof popular films.
Thelnternet hasgiven anew lifeto afranchisethat
was- to all observers- dead for thethirdtime. Yet
with the decreased costs of production and distribu-
tion, the Internet might be ableto createamedia
itemthat couldn’t exist beforethe Internet.

But theimpact of digitd filmisfet far
beyond thecomputer. Thepopular, if critically
panned, The Blair Witch Project capitalized on all

Based upon aquick survey to support anover-
whelming trend that has been reported by countless
Gnutdllausers, animated mediaseemsto overwhelm-
ingly use Real Video for encoding, short clipsmake
useof Cinepak, AV I, and mpeg encoding, and longer
full-length action movies use Microsoft’s more ad-
vanced codecsor derivatives. A tablesummarizing
the resultsis below, which supportsthe trendsdis-
cussedintheresultssection: WindowsMediahandles
action and animationwell, whilemoviesrequiring less
motion have abroader range of codecs.

Fiqure 5: Error and Motion m

A Gnutella search for “Simpsons,” a popular pirated tele-
vision series, revealed the following distribution of
codecs, consistent with the quality analysis.

Discussion

that thenew digital agehad to offer. Filmmakers
Dan Myrick and Eduardo Sanchez shot and edited
their film oninexpens ve computer equipment and
generated val uableword of mouth advertising onthe
Internet, whichtrandatedintoabig releaseby a
major motion picturestudio (22).

Lucasin Lovecreated aninstant hypein
onlinecommunities, dl whileworkingwithinthe
confinesof Apple' sCinepak codec. Subsequently,
thefilm moved onto Amazon.comwhereit wassold
asacassetteand DV D, moving away fromits
Internet rootsand landing itscreator ajob withinthe
traditional movielndustry. Withtheessentidly free
nature of making and distributingamovietothe
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world, itispossibleto bypassthetraditional avenues
of film production and promotion, whichisoutside
the scope of thisproject - the crucial aspect isthat
credtivetadent isemerging behind Internet film.

Moreover, Internet filmisbeingredized asa
marketing tool by big money aswell asbig names.
LucasFilm hasadeptly fostered “ FanFlicks,” short,
not for profit filmsthat encroach on copyrightsbut
ultimately createinterestinthe Star Warsuniverse.
BMW Films, however, hasrolled out thebig gunsin
for onlinefilm, bankrolling Guy Richie, AngLee, and
Wong Kar Wai to producefilmsthat star Clive
Owensasaprofessional driver (of BMW cars) for
hire

Despite being the epitome of consumerism -
television adsand product placement encourage
viewersto watch aseven minute car commercial
while banner adsflash at thetop of their screen - it
has created professiond filmsfrom professiona sthat
have permeated the medium, aswell asovercoming
thelimitationsof codecs. Thefilmslook wonderful
inboth QuickTime and WindowsMedia, and take
advantage of proprietary technology to crestea
DVD-Likeexperience(23).

Despitetheimplosion of the dot-com craze,
Internet film continuesto beagrowth area. The
initiativeto create onlinemovierentalsisgrowing,
just asKorean film makersattempt to use the
I nternet to securefunding for ambitious projects
(24). Internet film, withitslow entry costsand wide
visibility, remainsan excdlent way for filmsto
achievewidevishility dmostingtantly, makingit the
routeof choicefor activistsand ambitiousauteurs
dike.

Unfortunately, thedevel opment of intellec-
tual property rightsontheInternet obfusified,
preventing smooth development of themedium.

Lawrence Marvit expressed concernsthat hefelt
weretypical of mediaauthorsduring thedot-com
craze—therewere so many peopletryingto get as
much content as possible onto the I nternet that often
thetraditional contractsthat would have been used
inmoretraditional sphereswere overlooked.

Thelegd ambiguity inherentinafieldthatis
imperfectly handled by our copyright systemisonly
exacerbated by the growing problem of piracy
online—trading of illegal fileshasbecomeamost
ubiquitous, but the dichotomy of an overly harsh
legal penalty a ong side non-existent enforcement
has created an atmosphere of free-reigninthe
underground community tinged withfear. The
DMCA, passed by Congressin 1999, has created
an atmosphere of suspicion strong enough to prevent
opennessin the bootleg community, but hasnot been
enforced enoughto curb theaarming trends.

Asthisproject demonstrated, codecs
performdifferently for varying genresof video
content. Asaresult, abitter turf war isbrewing
between themajor suppliersof codecs. Despitethe
Redmond originsof Glaser, thefounder of Progres-
siveNetworks, and Microsoft’sinvestment,
Microsoft hasrepeatedly tried to edge out compet-
ingmultimediaprovidersfromtheir Internet Explorer
Browser, most recently by attempting to remove
“Netscapestyle’ plug-insfromtheir upcoming
version of their browser (25).

Because of the growing Ba kanization of
onlinevideo, usersmust elther install ahandful of
plug-insfor their browser from Microsoft,
RealMedia, and Appleto successfully browsethe
web or pick and choose content from those that
support their chosen plug-in. Asaresult, severd
groups have attempted to hijack Microsoft’sadap-
tation of the MPEG-4 standard. DivX ;), acodec

22

Jordan Boyd-Graber



that uses Microsoft encoding for video and the ever-
popular MP3format for sound, hasgained signifi-
cant ground in the bootleg community because of its
high quality, illega nature (accompanied by appro-
priately subversive dogma), and ease of modifica-
tion.

Thetrends of codec adoption would seem
to suggest that given Microsoft’ sdua domination of
both quality and marketing presence, thefuture of
onlineMultimediaistheirs, sincestandardsare
quickly adopted when rel eased and dropped when
surpassed technologically. Whileasingle provider

Thisstudy only considered mainstream
codecsat asinglebitrate. Because many codecs
aredesigned for aspecific bandwidthrange, a
refinement of thisstudy would certainly need the
scaling of the codecstowork over rangesthat
would betypical of Internet transmission. This
would be especidly critical asemphasisisplaced on
the devel opment of codecseffectivefor wireless
appliancesthat would typicaly have bandwidths
consistent with early modems.

The quantitative aspect of thisresearchaso
neglected many codecsthat are currently onthe
periphery, focusing on the mainstream codecsthat
have dominated theindustry. Therearemany
competing codecsout there, and perhapstheir
limited penetration isdue moreto marketing thanto
technological brilliance. A morerobust investigation
wouldincludeabroader array of codecs, especially
thosethat differed substantialy inbasic principles
fromtheonesinvestigated here.

A gresater refinement of thequalitative

of encoding would prevent asegmentation of the

[ nternet film community, many would be concerned
about thefuture of amedium controlled by
Microsoft.

While Microsoft hasgained asuperior
codec at fairly largetransfer rates, themoveto
handheld devices createsanew opportunity for
superior codecsat smaller datarates—such as
Sorenson and Flash —that would change thefocus
from quality to that of compressibility, asit wasat
thedawn of Internet multimedia.

Discussion

agorithmisalsowarranted. The SCIELAB cdcula
tions, whiletaking color depth and viewing angleinto
account, are designed for staticimagesand do not
consider theeffectsof rapidly shifting color fields-
whileacheckerboard patternin animagewould
have ahigh error rating when compared with asolid
color field, arapidly shifting checkerboard pattern
would appear similar to that of the static color field.

Of course, thisisaplastic arena, and the
technology aswell astheplayersinvolved are
constantly changing. Theauthor feesthat the
growing emphasisonlow bandwidth, comparatively
less sophisticated handheld systemswould bean
interesting direction for thisresearch to explore
further, tackling the new movetoward sprite-based
multimediasystemsthat would take considerably
lessoverhead than existing systems - encoding the
information oneelement at atime, and the corre-
sponding impact thiswould have on the content
created.
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Lucas in Love really
isn't an origina filmin any re-
spect, but intaking itsreferences
from so many sources and com-
bining theminanovel fashion, it
emerged as the first real suc-

- cessin the Internet film arena.
The film works on the same
premise as Shakespearein Love

- abrilliant writer only gets hisbig inspiration when he

findshistruelove.

As George Lucas meets his muse, who bears
a striking resemblance to Princess Leia, the viewer
meets his friends who inspire the Star Wars universe.
As the film opens, the music we hear bears a striking
resemblance to Warbeck’s score with Lucas pounding
on histypewriter in hisUSC dorm room. We'reimme-
diately introduced to his stoner roommate who is ex-
pounding his theory of a “cosmic force” that is pro-
duced by all living things and his towering asthmatic
neighbor clad in ablack cape who shows off his newly
completed script.

After Lucasisconfused by hisdiminutive pro-
fessor who uses inverted syntax,
we' retreated to one Star Warsref-
erence after another. Lucas de-
velops his plot further, with the
assistance of his new companion,
only to realize at the close of the
movie that she'shissister.

From the AtomFilms website:

Deep in the trenches of Belleau Wood,
France, love confronts death. A young soldier
strugglesto finish what may
be hisfinal dispatchto his
beloved wife. Will hispen
finish prior to hiscompany’s
march across “no-man’s
land?’ Find out in this state-of -
the-art, award-winning anima-
tion.

A Letter From the Western Front was pro-
duced using Adobe PhotoShop, Adobe AfterEftects,
and good old-fashioned Winsor & Newton watercol or

Appendix

paints. Director Daniel Kanemoto scanned hisoriginal
paintingsinto the computer, and then used the software
to composite and transform each element into the unique
“multiplane” environment of the story. A 25-piece or-
chestraperformed the origina score, composed by Ryan
Shore.

The Critic, starring the voice of Jon Lovitz,
started on ABC, and headed to Fox after its cancella
tion. It was later picked up by Comedy Central, who
then opted not to make original episodes. Jay Sherman,
the central character, bears a striking resemblance to
both Siskel and Ebert. Episodes usually begin by pan-
ning arecent film and then working on character devel-
opment. Al Jean and Mike Reiss are back as produc-
ers, who were at the helm of the network version and
have been affiliated with The Simpsons.

Wong Kar Wai’s The Follow, like his more
popular In the Mood for Love, concerns the question
oninfidelity anditsvisibility inthe outside community.
Clive Owen is hired to follow a movie star’s wife and
find out why she's gallivanting across the nation. A
narrative discusses the techniques of “afollow” while
we see the choreographed artistry of traffic as “the
driver” pursues hisprey. The sceneusedinfigure5is
when “the driver” is hired, comparable to the scene
used in In the Mood
for Love: the spouses
of the two having the
affair confront each
other on whether their

spousesare chesating.
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SCIEAB Errors: MPEG SCIEAB Errors: Cinepak
|
out out by
moon moon
lighttlak lighttlak
kids kids
bender bender | ‘ | P
action ‘ ‘ action ]
= . . . T
6 é 1‘0 1‘5 26 25 30 0 5 10 15 20
action | bender | kids | lighttlak | moon out action | bender | kids |lighttlak | moon out
I SCIEAB Errors |14.6507|25.2707 | 7.25868| 3.42591| 1.33509 | 9.60834 @ SCIEAB Errors |15.1746|16.3224|3.53827|0.73712|0.84329 |11.9671
SCIEAB Errors: Indeo SCIEAB Errors: Real
out out
moon moon
lighttlak lighttlak
kids kids
bender ‘ ‘ ‘I bender ‘ ‘
action P action )
6 E") iO 1‘5 2‘0 éS 30 6 é 1‘0 1‘5 26 25 36
action | bender | kids | lighttlak | moon out action | bender | kids | lighttlak | moon out
O SCIEAB Errors | 26.229 [16.1676|3.34423|0.73712(0.92746 |11.4725 [ SCIEAB Errors [21.3578|15.7597| 12.668 | 11.2162|0.94966|12.1008
SCIEAB Errors: Microsoft SCIEAB Errors: Sorenson
out out y
moon moon
lighttlak lighttlak
kids kids
bender bender ‘ | | ]
action —1 action IL D
6 é iO 1‘5 26 25 ?;O 6 E") iO 1‘5 26
action | bender | kids | lighttiak | moon out action |bender | kids |lighttlak| moon out
O SCIEAB Errors | 12.9778|7.31276|9.29694 | 10.7464| 0.87758| 9.9204 @ SCIEAB Errors |16.6815|18.6641| 3.8254 | 2.4633 |0.96901|13.5031
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Qne-vay Anal ysi s of Veriance

Anal ysi s of Veriance

Sour ce DF SS %3] F P

Fact or 5 6357.91 1271.58 134.50 0.000

Eror 288 2722.75  9.45

Total 293 9080.66
I ndi vi dual 95%Q s For Mean
Based on Pool ed St Dev

Level N  Man SDv ——————

action 60 16.682  0.954 (*-)

action_a 60 26.229 4.810 (*-)
actiong 54 15.175 0.878 (*-)

actionr 30 21.358 5.121 (-*-)

action.w 30 12.978 3.825 (-*-)
actionm 60 14.671 1.152 (*-)

Pool ed SDev = 3.075 15.0 20.0 25.0

Qne-vay Anal ysi s of Veriance

Anal ysi s of Veriance

Sour ce DF SS %3] F P

Fact or 5 599.0 1199.2 67.94 0.000

Eror 292 5153.9 17.7

Total 297 11149.8
I ndi vi dual 95%Q s For Mean
Based on Pool ed St Dev

Level N Man SDv -+—t———

bender 59 18.664  4.758 (-*-)

bender_a 59 16.168  3.507 (-*-)

bender_q 60 16.322  3.601 (-*-)

bender_m 60 23.996  5.740 (-*-

bender_ w 30 7.313 1.400 (-*-

bender r 30 15.760 3.531 (-*>
4

Pool ed StDev = 4.201 6.0 12.0 18.0 24.0

Qne-vay Anal ysi s of Veriance

Anal ysi s of Veriance
Sour ce DF SS %3] F P
Fact or 5 2978.80 595.76 286.81 0.000
Eror 294 610.70 2.08
Total 299 3589.49
I ndi vi dual 95%Q s For Mean
Based on Pool ed St Dev
Level N  Man SDv —+—t———
ki ds 60 3.845 0.985 (%)
kids_avi 60 3.448 1.239 (*-)
kids_gqtc 60 3.538 1.277 (*)

Kidsrm 30 12.668 0.972 (*-)

Kidswn 30 9.297 2.711 (-*-)

kids npg 60 8.182  1.462 *)
e

Pooled StDev = 1.441 60 9.0 120

Appendix

Qne-vay Anal ysi s of Veri ance

Anal ysi s of Veriance
Sour ce DF SS VB F P
Fact or 5 91214 1.8243 64.35 0.000
Bror 292 82775 0.0283
Total 297 17.3989
I'ndi vi dual 95%0 s For Mean
Based on Pool ed St Dev
Level N Man SDv —+—et————
noon 57 0.9690 0.1205 (=)
noon_avi 61 0.9275 0.2793 (=3
noon_gtc 60 0.8433 0.0778 (—*-)
noon.wm 30 0.8776 0.1850 (-

moon_npg 60 1.3354 0.1074 (-*
moonrm 30 0.9497 0.1611 (=

_— 4
Pool ed StDev = 0.1684 0.96 1.12 1.28

Qne-vay Anal ysi s of Veri ance

Anal ysi s of \eriance

Sour ce DF SS VB F P

Fact or 5 431856 863.71 269.68 0.000

Eror 293 938.41 3.20

Total 298 5256.97
I'ndi vi dual 95%0 s For Mean
Based on Pool ed St Dev

Level N Man SDv —+—et————

It 60 2.476  0.192 (*)

I't_avi 59 0.742 0.102 (*)

It_gc 60 0.737 0.107 (*)

ltorm 30 11.216  0.411 (-*-)

lt_wn 30 10.746 5.640 (-*-)

lt_mpg 60 3.560  0.360 *)
S S R

Pooled StDev = 1.790 35 7.0 105

Qne-vay Anal ysi s of Veri ance

Anal ysi s of \eriance

Sour ce DF SS VB F P

Fact or 5 522.95 104.59 29.76 0.000

Eror 292 1026.34  3.51

Total 297 1549.28
I'ndi vi dual 95%0 s For Mean
Based on Pool ed St Dev

Level N Man SDv —————
out 59 13.503  2.830 (=
out_avi 59 11.473  1.353 (=
out_gtc 60 11.967  1.413 (=
out_npg 60 9.731 1.135 (>
out_rm 30 12.101 2.261 (—
out_wn 30 9.920 1981 (—=*—)
—_— 4
Pooled St Dev = 1.875 10.5 12.0 13.5

Internet Film as an Evolutionary Medium
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