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ABSTRACT

This paper, describes methods of cost-effectivehHigfinition

3DTV[14] and stereoscopic[l] content compositing Using a
single camera (photographic and/or HD-Video), andtemal

generated from various 3D environments. It explait&riation of
stereo pair and depth [13] creation tools and tegles, from 2D
video content, matte generation, 2D photographd,3ahmodels,
without the need of Stereo Cameras[12].

Also, this paper will discuss the creation methgatential

applications, and further development possibilitéstereoscopic
36Q0panorama as a by-product of this research.

Categories and Subject Descriptors

1.3.6 [Computer Graphics]: Methodology and Techniques !
Graphic data structures and data typek3.7 [Computer

Graphics]: Three-Dimensional Graphics and Realism

Animation, Color, shading, shadowing, and textukértual

reality; 1.4.8 [Image Processing and Computer Visioh Scene

Analysis ! Depth cues,Photometry, Shape, Stereo, Tracking

[.6.5 [Simulation and Modeling]: Model Development !
Modeling methodologiesH.5.1 [Information Interfaces and
Presentation]: Multimedia Information Systems KAnimations,
Video (e.g. tape, disk, DY)

General Terms
Algorithms, Measurement, Documentation, Performaiessign,
Experimentation, Standardization.

Keywords

2D to 3D conversion, Stereo view, Stereoscopy, Adg 3DTV
content creation, 3D compositing, Bullet-time, 2Bepth, virtual
camera, modeling, animation, multi-layer depth, 3mDage
capture, motion capture, keying.

1. INTRODUCTION

The objectives of the final project since the poer papéerhave
changed, not in essence, but in the methodologyd use

! See <Objectives Report> "Content creation methéuois
stereoscopic / 3DTV compositing in a 3D environmemtd a
multi-purpose camera array acquisition system foultim
viewpoint video.# from the same author.

composite stereoscopic content, in order to accsma better
time and recourses allocation. There is a balaeteden costs;
quality and time spend, as required from the manigustry
nowadays. Henceforth this paper will only refer ttee new
methodologies and techniques researched, avoibdm@uthor to
repeat himself.

2. AIMS

The goals of the project are accomplished via multi
layer/viewpoint depth compositing and 3D Visualdeffs creation
methods; by means of a virtual 3D camera envirottraeing a
mixture of professional editing, 3D modeling, anmnpositing
softwaré in order to camera-match and composite 2D spaiteks
3D models as seamlessly as possible.

A by-product which concluded from the research, 8&0
stereoscopic panorama creation method, is discussedeparate
paragraph along with its potential applicationseotthan the one
used here.

3. OBJECTIVES

a) Experiment, analyze and criticize the steredascopmpositing
methods used,

b) Critically evaluate the software applicationsdis

c) Research and investigate the use of 3D virtogirenments as
a Stereo-3D compositing system.

4. METHODOLOGY

A variety of media sources is combined, includinge laction

videos, animated 3D objects, 2D photos, and parnasam

The research results are demonstrated chronolggtbabugh the

creation process of an experimental High Definitiateo trailer,

early stereoscopic tests, and B66tereoscopic cylindrical
mapping panoramas.

2 A) 3D Studio Max, Poser, Final Cut Studio 2 applications,
Adobe Premiere, Adobe Photoshop (University Licejse
B) Shake (NTI Leeds License), C) Nuke, 3D Photolduri
Professional (31 days trial licenses), D) VoodoomE€e
Tracker (free license).
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4.1 DELIVERY METHOD

As any other delivery method would require specald
expensive hardware (Polarizing rig, Auto-stereosf8p3DTV,
Shutter Glasses, Stereo LCD glasses, etc. plukathehat those
methods are not easily transferable[1]), the prtxlace therefore
presented in the Red/Cyan Anaglyph format[2]; nm¢ tbest
stereo separation method but certainly the mosteféective and
convenient, as the only extra accessory neededidgring is a
pair of Red/Cyan filters.

4.2 CONCEPT

The final product is inspired from the book "Arad¢tdck#, a dark
comedy by Paul GoodallIn short, the context is about giant
alien spider which attack Earth. The reason forgiere choice is
quite obvious; as a Science Fiction story it all@mough room
for Visual Effects.

The techniques will be demonstrated through a sttereoscopic
trailer, presented along with a normal 2D trailerdomparison.

The concept is to use regular photos and' ftidtage shot by a
conventional camera, and integrate it with 3D medelto a
stereoscopic composition. Because the 3D modetadyr exist
inside a 3D environment there is no difficulty tender two
virtual camera views and combine them into a steogpposition.
Nevertheless, the exact matching of the rest ofefleenents is
mostly with what this paper is concerned.

4.3 DESIGN PROCESS

Since some of the goals changed from the first &Ctjes
Report#, the current timescale (See Appendix Algded to
change (See Appendix A2) in order to accommodat@oae
realistic plan, given the allocated time.

A mind-map created (see Appendix A3) during thegieprocess
to simplify the initial complex methodology and die the
processes into more achievable tasks.

4.4 EARLY TESTS

Before the construction of the Final Product, itswessential to
test the project$s viability; no one wants to stgstoduct like this
(which normally would need a group of people witklie same
allocated time), only to find out that is not fdasi

4.4.1 Delphoi !Capoeira-Dance" Creation Process
For the test to work properly and according to ptemn, it was
necessary to have some 2D footage to experimamte $hat was
not possible at the time, a 3D actor was used adst€he main
purpose of the test was to determine how a 2D cter@an be
rendered and composited over a 3D environment exedvwersa.

Using "Pose¥# a 3D female model was constructed (See

Appendix B1) and animated with a combination of feyme

animation and Motion Capture[17] data[15]. Then was imported

into "3D Studio MaR# where was camera-matcheagainst a

% Not yet published

4 High Definition

5 3D character modelling application

53D modelling environment

" Process, where a 3D element is matched with tolegibaund.

photographed background (see Appendix &2) rendered using
multiple render elemerftsvith the Metal-Ray renderer, using only
one view. During that process some valuable notge formed:

The velocity maps are not rendered when using né&two
rendering, so the use of a render-farm is impossible.

The velocity element (which is very important as it
contributes to the motion-blur creation during
compositing) by itself is not usable, but if turnefd it
cannot be saved within the EXR[16] export formaaas
extra channel.

When rendering at 75% of the actual resolution (for
render-economy) and then scaled the images at 100%
during post-production, a diffusion occurred which
blended the pixels of the image in a natural (reald)

way; simultaneously saving valuable rendering time
which compensated for the problem with the Render-
Farm.

When the speed of the animation is changed, differe
samples of the motion vectors must be taken, upglati
the current velocity maps, otherwise they won$t
correspond to the actual velocity changes.

Correct measurement must be taken, not only for
matching purposes, but to get a proper intraocular
distance from the Left & Right virtual stereo caaeer

In order to match the 3D camera movement within the
3D compositing softwaf® the camera data must be
exported into the last environment. A max-scrip}[19
was used to transfer the data to Nuke.

Using Optical-Flow by altering the shutter settings to
simulate Motion-Blur concludes into a "jerky# matio

The Velocity channel produced by the EXR file needs
to be multiplied by -1 in the Y axis within Nuke b@
used as a Vector Map. The multipliers of the X ahd
channels need to be at !0.5 and the correct metfiod
calculation is "Forward# with the use of an Alphask,

as the Mental-Ray produces clipped (within the Alph
vectors only.

As this was merely a test, which although consuateslit 200hrs
of work, not enough emphasis was given to its faggbearance.
Nevertheless, given the time spend and the comelssjained, it
is submitted along with the final product for exaation. An
example of the node-layout is also given (see AdpeB3).
Theégriginal Inition[15] video of the Mo-cap prosesan be found
here*.

8 Diffuse, specular, reflection, shadows, velocydepth.
® Render Farm: Network of interconnected Computers.
10 Nuke ! Compositing software from The Foundry

™ A time-warp algorithm which uses motion vectorscadculate
the in-between frames

12 http://www.youtube.com/watch?v=XtwOxcQbvel
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4.5 TIMELINE

The best way to present the developing processhamd new
ideas contributed to the final project, is to siynptart from the
beginning of its creation and chronologically plabhe outcomes
and findings.

4.5.1 Footage Acquisition

Two different HD Cameras were used, for comparisord
convenience reasons: A Panasonic P2 AG-HVX200 aSdryy
HVR ZI. The Panasonic P2 was by far a better chagé could
acquire HD 720p footage at 50fps with 4:2:2 comaimss; a key
factor, as the product has some slow-motion scemeschroma-
keying is better achieved with a fairly losslesmpoession.

The luminance information, when acquiring DV foatag stored
in the green channel, so a green-screen backgrosed for all
the shot¥.

4.5.2 Keying[5]

As this is an experimental research compositionptier video
footage was used, apart from the one where thesashmt in the
green-screen background, with the purpose to miem with
other media.

All of the alpha mattes creation and rotoscopingfik place
within "Shaké®. The final result was copied into the alpha
channel of the original footage leaving the origidaotage
unaltered, so that it could be further processedanother
environment. Some examples can be seen here (spendip
C1).

4.5.3 Scenes and Environments
In order to speed-up the process, the scenes wempasited
regarding the content rather than their storyboandler.
Henceforth the findings and techniques
chronologically as follows.

4.5.3.1 Scene 1 # Moon to Earth

All 3D for start, rendered with Mental-Ray low setfs (for
saving valuable render time). It was compensatedhfat in post
with edge-blur, glow, light-wrap and grddeThe motion-blur
made with vector-maps saved within the 16bit hisiéf *exr
(with the process described before at the earlys)tesThe
stereoscopic intraocular distance is set to zeralfe stars and
everything is calculated from there-on. Two freeresd cameras
were created within 3DS MAX from a single targeimesa with
the help of Stereographer-Max[18] (a stereo canweation
script for 3DS Max). Then rendered individually ig multi-
pass rendering), and also the camera data weretedfi®] in a
*chan'® file to be usable in Nuke (since this is totallp there's
no need for the latest, but if one wants to addigarsystems,

13 1t is a common believe that the use of either uegreen
screen it is a matter of convenience, which mighttte case
some times, but in reality only footage shot witmfcameras
in Blue background is usable due to the naturéefitm (4:4:4
compression during capture).

14 Compositing software from Apple.
15 The Author assumes that the reader is familian #iese terms
16 Nuke$s coordinate file system

are predente

footage, etc there's no need for tracking and mitehing this
way). See Appendix D1 for the node layout.

4.5.3.2 Scene 2 #London Eye Cab

This is an example of a simple 2D and 3D implentéia The
scene consists of 8 layers, 4 of them 2D and 4 Bbe
background sky (1 layer) and Thames (3 layers)thade done
with 3D compositing; meaning, that this part weaeted to a 3D
scene in Nuke and textured on to geometric objddte. camera
data from the @real@ 3D were exported from 3DS amdX
assigned to a 3D camera in Nuke. The rest (clopdsticle
clouds, London Eye cab, reflections), as they wenglered with
multi-pass from 3DS MAX along with velocity and 2juth
maps, were composited in 2D. As Thames was a fihkém from
inside a Cab, had to be converted into 3D steresmdJPhotoshop
the photo was separated into 3 layers with masies 3tbridges)
and then textured in 3 hemispheres within Nuke$sigize (pre-
post). See Appendix D2 for the node layout.

4.5.3.3 Scene 3 # London Eye & Bus

The sky and clouds are 3D renders (dual view). Odredon Eye,
as a still photo, was masked (removing the sky) gladed on a
3D-Card inside the Stereo 3D environment (Nuke) revhighs
been composited over the background. Then was &edhiaside
the 3D space, adding Motion-Blur to look as if asweal footage.
The same technique used for the Bus, but it waslered
individually to help the transition between sce®eand 4. See
Appendix D3 for the node layout.

4.5.3.4 Scene 4 # Shuttle zoom-out

After 48hrs of modeling, the author ended up usitilgs from the
renders and Hi-Res photos[20]. 3D compositing isedus
extensively to compensate. From the 7 layers (d¢tengh in
Node composite the term doesn't apply) one wash\pGi®, one
keyed footage; two were photos [20], and the rEsstllls. Some
manipulation of the animation curves of the riglaimera (for
each one of them, 7 the number), which was oritirakated in
3DS MAX and then exported to Nuke, was necessargotoect
the anaglyph effett, which now is more subtle than the previous
scenes.

By reversing the order of the anaglyph for the otsi®one wants
to appear behind the screen and at the same tifeettofg the
intraocular distance of the cameras is the righy wmafake the
effect. The latest is also necessary when fromoseeup the
camera goes to an extreme zoom-out (as in thise}cetherwise
the anaglyph cameras will go off-screen. Of coutke, mono
camera (left) might be camera-matched properlythat doesn't
mean that the right one will do the same; a framat fiits
perfectly in one plate, might have a black gap d¢eftight on the
other. In that case it$s always good to leave spaee and since
we're talking about stills, the extra resolutionewhrendering
could be usefull. See Appendix D4 for the node layo

" The two cameras need to be in parallel and theareshandled
by our brain. A common mistake, in order to achi¢ve Red-
Cyan (object behind the screen), Neutral (objecteaiter), and
Cyan-Red (object in front of the screen) offsettdscross the
cameras where the eye is suppose to focus; thaesasevere
headache and migraine if one watches more thamateni
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4.5.3.5 Scene 5 #Spaceship Entry

In order to control the motion blur, the velocitpgs from 3DS
Max had to be adjusted accordingly. Various testiees gave the
desired result, setting the velocity at 50 (astifhadn$t any
extreme acceleration). The Z-depth element usedhtoiflash of
the spaceship$s entry using animated glow valuéso, Aa

reflection/refraction pass, self-illumination paasd diffusion

pass were taken for more control during compositirtge vector
pass, in conjunction with an animated value of omtblur,

produced the warp effect along with some Glint-effim Nuke.

The stereo shift, since this is a fair close-uptleé ship, is
rendered from two cameras in 3DS Max with their eeandata
exported to Nuke. The star field is 3 High Resolutstill renders,
textured in three spheres in Nuke's 3D composispgce. Its
movement is driven from two animated cameras (thithcamera
data from the original cameras in 3DS Max). Thep stself it's

fairly detailed and many of background animatiome taking

place (various noise maps, luminance, etc.), dedtepparently
to be used in more than one scene and extreme-ugsseSee
Appendix D5 for the node layout and 3D schematics.

4.5.3.6 Scene 6 #Radar

A fairly manipulated photograph (of a real radar)Rhotoshop
served as a background. The rest are motion grsplooe in
Shake. Various versions were created, as it's gtwnge used
again either as a background element or stand .alme stereo
shift is unnecessary, but it$s being done anywawatzh the rest
of the sequence. See Appendix D6 for the node layou

4.5.3.7 Scene 7 # Waking-up

The shuttle's frame is a real Hi-Res photo from RABasked in
Photoshop. The highlights and the monitor screeaeseatracted
to give that electricity flickering and bring théngto to life (a
macro was build in Shake for the flickering, aswitl be used
several times from now on). See Appendix D8 for tizdle
layout. The previous radar, even not visible fownbad replaced
the central screen of the cockpit. This is thet firme that a 3D
setup made entirely in Nuke (meaning, without usiegarate
renders from 3DS Max), although the shuttle glatg's and earth
are pre-rendered stills. The rendered shuttle frantextured on a
hemisphere with its animation looping every 25 fesmThe
astronaut is textured on a 3D card, his shadowutedton a
hemisphere in the same distance with the frameyedisand the
glass. The Earth is placed on a fair Z-distanceauted on a 3D
card and the stars on a sphere further away. Aakdsis noted
until scene 4; no real world measuring took plé&oesrything was
done with the eye and Nuke$s ufiitsFrom scene 5 the
intraocular distance of the virtual cameras arectya2.5@ or
6cm®. The spaceship for example is roughly 2000X100@X25
cm. The scene has been setup with real-world distan
(astronaut, shuttle, etc), maybe not all (couldsieiulate the real
distance of earth and stars. The cameras are dreéten Nuke's
3D space and shifted accordingly for stereo viewmgart from
that, they're not moving at all. See Appendix DY tiee node
layout.

18 1t is extremely difficult to match any 3D to 2Deehents (or
vice-versa) without first taking proper measureme(ither
inches or centimeters).

19 The average human eyes distance

4.5.3.8 Scene 8 # Watching spaceship

The footage wasn't indented to be used in that wnen
acquired. So first the head turn between the twe kead to be
matched. The same looping cockpit footage, whicd baen
prepared for the previous scene, is textured gohare. Mapped
spheres with the same distance added for the shaakivonaut
reflection, cockpit reflection and glass. Againthaaind stars are
used from the previous scene. The spaceship wdsnexhin 3DS
Max, but one view only (more than enough layersilabke to
fake the intraocular distance); giving much atmtito the
position of the sun and caustics. The differentspasare
composited onto a single EXR (to avoid crashesdmiays at the
final rendering). Also, this time the spaceshipisreated position
was exported from 3DS Max (xyz-point) and imported\Nuke
where the texture was placed on a 3D card. In hesgiace the
3D card(ship) is actually passing close to thetihaind heading
to earth, making the stereoscopic illusion mord (edile the
zoom-factor is animated to match the perspectiVag Z-depth
generated from Nuke$s cameras is used to add fireudeof the
elements in relation to the camera's position, kivepthe depth-
of-field to make it more subtle. See Appendix D® foe node
layout. Supplemental: It seems that the blue padkeacockpit
are confusing the eyes by trying to jump in frohtte screen. So
they were graded to the same colour as the reékeafockpit. The
camera animation is changed giving more time to afies to
adjust to the stereo effect. Also, added flickefioghe texture of
the background reflection on the glass.

4.5.3.9 Scene 17 # Donut from bag

A subtle flickering was added to the fluoresceighis in the
background's blue channel highlights in order tendrthe
textured photo to life. The background depth isesult of the
photo mapped on a hemisphere. The shadows the sdrars the
green channel of the keyed footage is reorderedoanmded. See
Appendix D10 for the node layout.

4.5.3.10 Scene 18 # Spaceships Entry

A total of 157 spaceships are coming out of hyperepthere are
10 groups coming in every frame with 10 differeminaated
flight paths assigned between the groups. Everyydasts 12
frames and since a specific method used beforerdate the
effect, the same it$s been done here, but 10 tiReeslering from
3DS Max took 12 hours in total. Every group wasdexed
separately for the entry (12 frames each) and theomplete
rendering for each camera (left+right). Then the ré@dered
groups (with multi-pass and elements active) contgodsusing
their velocity and z-depth maps for the warp effeeind finally
placed between the stars and the full renders Appendix D11
for the node layout.

4.5.3.11 Scene 19 # Radar 2
As a previous setup was used, but with differentionographis,
no comments are needed.

4.5.3.12 Scene 20 # Letting the donut

Originally the storyboard demanded the blendinthefreal donut
with a 3D one, but since the purpose of this rete#s not to
demonstrate 3D modeling skills it was changed iimetsaving.
Unfortunately the keyed footage was shot with ayShiD at
25fps, so even retiming and optical flow enableld¢mot smooth
the result. It was tried to smooth the donut mowvetrfiest (which
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was shot backwards hanging from a green wire) hed stabilize
it, but with no luck, as it doesn't have any costirgy points that
could be used for the tracker. By keeping the fisstble frame of
the donut as a still and animating it, rotoscopimg rest, it$s been
possible to achieve a somewhat satisfactory re&pkrt from the
usual setup, the donut was animated in x,y, and z3ace in
order to achieve stereoscopic depth and make ieadaser to the
screen. The ships are rendered within 3D Studio Mgain using
2 cameras (stereo) and everything else is 2.5Dgugicameras
(stereo) in Nuke's 3D compositing space. See Aprebd2 for
the node layout.

4.5.3.13 Scene 21 # Floating Donut
The donut is an animated still, floating in 3D spat the Z-axis,

were shot vertically, clockwise, with manual segtr(f2.8 s:1/8 at
35mm) with the tripod head tilted vertically 90 degs for the
right eye measuring the distance of the centehefléns from a
reference point. Then the same happened for theylefmatching
the lens distance, degrees, and leveling of trs¢ $inot with the
tripod head tilted vertically -90 degrees. It'sieasctually if the
camera has the mounting hole at the center ofehg (the one
used did not, making the process more difficulthe 12 photos
had 30 degrees difference with each other and ritracicular
distance was 12cm for the stereo effect (instea@tof that is the
optimal), overlapping by about 15% (where a 30%hés optimal
for the barrel distortion calculation). The panosamas stitched
with Photoshop's photo-merge tool, and cropped fualyefor

each set of shots. Then Shake used to add a flickar the Blue

hence why it looks to come closer to the screen. channel, creating a 25 frame High Resolution lcsge(Appendix
The ships are a result of 3 phases: a) 2 multi-pass renderings fror@lg)' and the anaglyph inside Nuke$s 3D environmwéete the

3DS Max (one for each eye), b) a separate compgsiti Nuke
where the diffuse, specular, self-illumination,leefion, shadow,
velocity and Z-depth came together with added géowl grade
treatment, and c) the final compositing with thst ref the layers,
which a previous setup was used. For the refleatiorthe glass
some originally cut footage was used.

4.5.3.14 Scene 22 # Catching Donut

This time the background was treated more carefllhe blue
channel was separated in Shake, masking-out sogas,aandom
flickering was added in the brightness node andh ttee blue
channel was copied back to the photo replacingtignal one.
This way a 25 frame loop was created with a sub#éural
flickering on the fluorescent lights and surrouridiareas only.
The same method as before used for the donut ¢apowy); the
footage thought was shot normally and not backwasisthe
previous one. The last frame of the donut before dhtch was
used to animate in 3D space and give stereo deptlit, draws
away from the screen and into the actor$s handrenheomes
within the same depth with the actor.

4.5.3.15 Stereoscopic Panoramas

The researcher was faced with a dilemma: To mdaeentire 3D
environment for the next scenes (impossible giventime left)
or use already 3D stereo images to match the kiymdge and
3D models. Since all of the following scenes weidrig place in
the same environment and one of the scenes reqaitetis@
camera movement, another approach was needed.

4.5.3.15.1 Concept

It is a common practice [10] in the compositingqass to stitch
images together for use as a background plate. Whatot
common however, is to use 3BBanoramas for the same reason;
and in this case, 3D stereo panoramas. Officialtyy NASA had
created an anaglyph panorama of Mars from the fdgusband
Hill[21], along with some hobbyist enthusiasts[2&$ it requires

a step motor-driven tripod head and a fairly expens
photographic equipment.

The idea was simple in concept, but a serious iriskime if it
didn$t work; fortunately it didJ

4.5.3.15.2 Creation Process

The technique requires some photography experiesmddigital
camera with manual settings, patience, and a gopddt with
spirit level and horizontal/vertical angle indicetoTwelve photos

texture videos now were mapped onto 2 cylindersh eaeating a
3600panorama (see Appendix D14). This way one haséuitrol

over the virtual cameras (of course the same thary be done
with 3DS Max) and can pant/tilt, zoom, change lemd move the
camera wherever one want. Of course some shiftifjigsaments
had to be made rotating the Right-Eye cylinderhia Y-axis for
the stereo effect to work, in order to match witke tother
elements. If a parabolic mirror used instead tgpsaghoto for
each eye instantly, the very High Resolution of 282545

pixels would not be achieved (see Appendix D15)rthHear

research is required though if one wants to purauenore
convenient method than this Gfe

4.5.3.15.3 Further Development and Applications
Using masking techniques, the stereo panoramasedirther
treated to be used as layers within layers for gameilm
compositing purposes, but only as layered backgieufue to
their "flat# nature. They can be used though fotktheough
QTVR[23] panoramas to enhance the viewing expeédefite
further step would be to capture linear video stgpanoramas,
simulating a multi-viewpoint environment [24], bdbr that
further research is required.

4.5.3.16 ScenelO - Cleaning

The footage for this shot was supposed to be deirga jib.

Unfortunately only the crane was 3m in length, aiding the
tripod base goes up to 4.5m, and that would nothft green-
screen room. So instead, a fly-cam (steady-canangrvas used
to get the shot by hand. This involved a stabitizin keying >

destabilizing > smooth-cam technique in Shake tbagesable
result. Thanks to the panorama background, mowiegvirtual

camera in 3D space wasn't an issue. However, nmatcthie

movement with the keyed footage was. Since thesemarks
were meshed during the aforementioned process akeShany
tracking method failed to match the keyed footagith vthe

background; it had to be done by hand. As withdtheer scenes,
it was hard enough to match the stereo perspeatieethe 3D
depth with the background, especially for the skagjdut on top
of that the camera was movingJ One cannot possitagine the
amount of time spend in that particular issue. Hhmadows
problem was solved, discovering through the proteststhey are

20 with this method it is not possible to capturetansly the
stereo pair, so only fairly static environments barshot.
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the most difficult element to match in stereo pecsive. Usually
the common practice is to reorder the blue chargralle it, blur
it and then corner-pin it to match the actor; amglas the
composition is in 2D. The shadow needed to be inamly the

same perspective as the ground, but to match gxtwdl stereo
distance of the ground, otherwise it would lookifag was for

example correct at the actor's feet, but liftecdbugown compared
to the ground. A solution was found by tilting/pammn the

shadows in the 3D space and not corner-pinniridrifortunately

that required a lot of key-framing to work propem®ynother issue
was that the actor could not have the same stdéstande from
head to feet. Since the keyed footage was alreasigd a 3D
composite space, the main camera and the footageapéed in a
second scene-node; animating the values of Z-ootaftbr the

keyed footage. Then the rule of not crossing tleeest cameras
was broken (causes headache) to get the desiredt, rey

animating the values of Y-rotation for the Rightreza, and only
for the specific footage, as the background hasws stereo
effect. See Appendix D16 for the node layout.

4.5.3.17 Scene 11 # Ship landing

The background needed to match with some 3D prigstiin
order to get the shadows and reflections. So aalasrapshot of
the Leeds Metropolitan University was copied fromoGle Earth
as a guide in the top view of the scene inside BS, recreating
the 3D environment using primitives. Every primijvand the
ship itself, have an object based deflector attd¢beéhem, bound
with a Particle cloud system. A wind force is lidkender the
ship which causes the particles to flow naturalgtween the
buildings and the ship (See Appendix D17). Thisetithe multi-
pass rendering just got more crowtledut it was essential in
order to be able to control all of the elementshie scene. Since
an already stereo-pair version used as a backgrdbedstereo
composite methodology had to change entirely. Tiig control
on the background is the intraocular distance, witihout the
ability to change the depth of individual elemets.a result, the
job became harder as it needed to match not oelypénspective
of the elements in the scene, but the stereo distahthe objects
compared to the background stereo position. Fomela& The
actor's perspective is placed correctly in the scdut if the
intraocular distance is wrong it will look as if leas floating
behind or in front of the screen compared to thekgeound. See
Appendices D18 & D19 for the node layout and 3D posite
space.

4.5.3.18 Scene 12 # Hatch opens

The layers in Nuke go as follows: Background magéjp's

reflections on the background, Ship's shadows erbitkground,
Actor's shadows* on the background, Keyed smokéeiip's
diffuse/ specular/ self-illumination/ reflectionshadows, Keyed
smoke2, Keyed actor, Ship's shadows* on actor, Heyypoke3.
*There are 2 sets of shadows in the scene whidhibked the
researcher for two days. It was simply impossiblenatch them,
even in 2D, imagine in 3D StereoJ Nothing of thencmn

practices worked so another solution was found tmetbest, but
it seemed to work: Inside 3D Studio Max a 1280xpR@ls plane
was created (just for the proportions) which weadured with the

2L Diffuse, Specular, self-illumination, reflectioafraction,

lighting, shadows, velocity, Z-Depth.

keyed footage using its alpha as a transparency @fpourse
the procedure of matching the camera movement feke

(camera data can be exported from 3DS to Nuke,nbttthe

opposite). Then the plane was matched to the 3Deseed the
background. Using Ray-traced Shadows some usaatioegls for
the keyed actor were taken (See Appendix D20). Jdwd thing

from this shadow creation method was that it wasneed to
match their stereo 3D depth; the only matching edeslas with
the background and the ship. Of course the diffipat was to
match the keyed footage with the correct steretanée to look
about in the middle of the ship and match it with mewfound
shadow. Need to be added here that before the 3phigs
revolution, the author was (and still is) a grean fof

special/practical effects. If real smoke is avdéalt will be used.
With a fairly cheap smoke machine and a green-ac(elack is
actually better) 3 layers of smoke were shot. Thieeorder to
give depth, as they are placed in different 3Dadises. The un-
avoided rotoscoping took place (if one thinks akiguhat hasn't
changed for the last 50 years, just the way ofgldintwice, since
two channels are present. See Appendix D21 fondlge layout.

4.5.3.19 Scene 13 # Spider appears

Originally, the model and the texture were suppdsedaptured
from a toy spider, or a stuffed one, using 3DSOMORB} (a
photo based software 3D modeler). Unfortunately shéware
authors didn't provide an unlocked trial version tee model
could not be exported into 3DS Max; See Appendix2D2
demonstrating the process. The basic setup washa®gp from
various angles rotating the spider with the regigin marks, 4
from a higher position, and one from the top. Thecpss takes
some time and it needs some effort, but the resrksgreat;
especially if a high resolution camera is used.

The movement of a real Tarantula (arachnids, fanuly
Theraphosidae) that a friend has as a pet, wagdttol animate
the movement, minus two legs from the original ofoe
convenience (don't forget, it's a giant spider frgpace so it has
some differences\). The deformations aren't greltit they were
adequate for what was needed. The stereo setupedeeasy at
first, but then again as with the previous scerathing is simple
as it looks. The process here was to take the rerfdethe Left
and Right camera from the stereo panorama looptteamd match
the Left and Right cameras within 3DS Max sepayatbbth
cameras had to be perfectly aligned, otherwise3iemodels
could appear behind or in-front of their relativasjtion compared
to the background. The shadows were another isstleeanight of
the photo-shoot for the panoramas; a car was pankedte the
ship was supposed to land. As the car casts itsshwdows, and
they were already in Stereo, a shadow/matte mateaic to be
added in the scene and roughly model the car ierdalget the
supplemental shadow-cast from the ship. Again, egerbtereo
match was essential, as the existing shadows fhenrcar could
betray the effect. See Appendix D23.

4.5.3.20 Scene 14 # Cleaner$s Quote

The actor, Paul Goodall and author of Arac-Attabkd quit
smoking for some time now, so at the time of shgptie didn't
want a lit cigarette. But the script required in&ke from a lit
cigarette was shot instead against a black backdrod tracker
was used to stabilize the cigarette and then theftthe cigarette
that the actor was holding was tracked and matcheghdo the lit
cigarette. The actor was going back and forth, thad was a

MSc Creative Technology, Innovation North ! Leedgtvbpolitan University 2008



Pan. Vafeiadis ! 33177083 "Design methods for Sisoepic Visual Effects composites using a singleera, and stereo- 7

panorama construction techniques.#

challenge; to match he's 3D distance from the caniére stereo
depth is animated, playing between behind anddntfiof the
screen, as well and the smoke from the cigaretiéchwis subtle
though for @political correct@ reasons. See Apm2dlifor the
node layout.

4.5.3.21 Scenel5

Some issues were faced with the fur, both modeliisg- and
composite-wise. First the dynamic simulation jusind want to
work properly at that speed so it was turned offe the Mental
Ray renderer does something weird and producespaa ahich
extends inside the body of the spider. The probkems solved by
getting a self-illumination element (the eyes hawene anyway,
plus that it$s used to add some glow during cortipgsiwhich
gives a clean alpha, but without the fur. Aftervgarduring
compositing the two alpha channels were joinedjrftathe self-
illumination alpha pass over the beauty pass ameesing the
self-illumination over the last one. The motion bhgain was
added during compositing using a velocity pass fBI% Max.

"I still remember the feeling | had watching mysfilstereoscopic
movie in the cinema. It was the @Friday the 13tHA \fiew
Beginning@, back at Friday the 13th of some manttO&b;
Anyway, in that scene “ason (the character) firesoasbow and
the arrow comes straight into my left eye; | assure, everyone
in the theatre jumpedJ#

The reason for that was because the Red filtehefanaglyph
glasses is much stronger than the Cyan, plus tiieHat in close
distance, the human eyes cannot focus correctlyeifiRed colour.
Since the filter for the left eye is Red, the réssilobvious. Of
course if polarizing filters were used instead, ¢ffect would not
be that strong. The purpose here was to make theevijump.
It$s been tested during a seminar that it was dieen the author
during a Masters class; it definitely workedJ Sempeéndix D25
for the node layout.

4.5.3.22 Scene 16A # Actor$s reaction
The only thing to add here is that the stereo disteof the actor
is animated; the rest of the setup is the same sseine 14.

4.5.3.23 Scene 16B # Bullet Time Effect

The specific scene was planned carefully from tbgirming and
was taken into consideration during the shootirfye Tootage of
the actor was shot against a green background fas Shly*>
The actor was faking the slow motion, being supgbrit his
back, while the camera was mounted on a Fly-canpatp
system. During the keying process (see Appendixtid xamera
movement was smoothed both in translation andiootagnd a
second render was taken including the green scwdtn the
cross-marks to assist in the matching process., Alsiog Shake$s
Optical Flow retiming, the frame-rate was doubledicé;
producing 400frames which later could be time-wedrpehen the
footage was tracked in Voodoo camera tracker. Thekéd
camera script for 3DS MAX needed some correctiopskéy-
framing the errors from the tracker. A pair of stecameras was
created from the Voodoo Camera with the data egdomto
Nuke. The stereo panorama$s intraocular distance thven

22 Faking the bullet-time effect requires either aray of cameras
or a High-Speed camera on a motor-driven rig shgott
speeds of more than 120fps or with 3D models.

matched to the imported camera data and a tempomeader was
taken from both cameras with the actor over th&dpamnd. The
temp-renders were then used to match the 3D mauite[serly,

with some tweaking of the right camera inside 3D&xMA

problem which occurred, and usually been dealt ndurihe

shooting of the footage, was the shadow-cast osfhiger on to
the actor. The rest of the shadows could be deéh the

primitives and matte/shadows, but this needed derdifit

treatment as it could betray the effect. A dummys waodeled
and key-framed to match the actor$s movement (anahake

things more difficult, during post the actor wasnaated as if he
was falling) covering a fair amount of his body. tivia

matte/shadow material applied and a big amount ifférdnt

render passes the scene was ready for composseiegAppendix
D26). During the composite process the actor$saaliged as a
mask for the alpha channel from the shadows takem fthe

dummy. So far the LightWrap node was used basddmimance

values to simulate the Light wrapping that natyrakcurs when
a subject is seen against a bright background.hls tase
saturation values where used instead, along withc#tmerging

of the shadows over the actor; in order to be neatatorrectly

with the existing ones. By rotoscoping the actaifha channel,
the spider$s legs which were occluded (as the r§sidayer was
under the actor$s) were revealed. The stereo degiveen the
background, the background$s shadows, the acteradtor$s
shadow from the spider and the spider, should maectectly but

unfortunately it did not on every frame. Using aated transform
2D & 3D nodes the match was successful. Finallg,ttme was
altered inside Shake using a time-warp curve toeraakirregular
slope, decelerating drastically for the first 108nfies and then
slightly accelerating. See Appendix D27 for the eéayout.

4.5.3.24 Stereo Titles

As everything was 3D, the titles could not be lefide. They
were animated in 3D space having highlights frora gmoke
effects affecting their alpha channel and at thenesaime
distorting the geometry with the smoke$s luminaralees. See
Appendix D28 for the node layout.

4.5.3.25 Editing

Apart from cutting the compositions in Final CubPfilmgrain

was added and they were graded and tinted for enber The
stereo version was the most difficult one as tHartm® of grading
could destroy the stereo effect. More weight wagigito that end
using a higher gamma, as any monitor can be easdilysted to
reduce its brightness.

4.5.3.26 Score

As this was not part of the research, not much kteigas given.
Nevertheless, a trailer which advertizes VisuakEf§ techniques
cannot stand without at least a score. QuickTrdokdPremiere
Pro[25] was used to compile the music tracks.

4.5.3.27 DVD Authoring

As the content is delivered in 720p HD format, D¢idio Pro
was used for the authoring, creating an HD-DVD framegular
DVD-R[26], which can only be played back thoughaamodern
Apple Mac.
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5. CONCLUSIONS

With regard to the project$s goals, which were enafd and
proved through the research process, it is condluteat
stereoscopic content can be composited from aesitaghera with
a combination of 3D modeling and 3D compositingiemments,

but with a valuable cost in time. The design method

demonstrated here are not suggested to be usedeptaeement
of an expensive stereo camera, but instead asesupptal tools
wherever only one camera was used for a stereo @sitigm. The

common practices were used as a guideline but ghrabis

research journey were evolved and adapted to tcarastances
and problems faced.

5.1 SOFTWARE EVALUATION

3D Studio Max is an established 3D modeling sofevarth

many capabilities but only some basic compositieatdres. Its
dynamic simulations are lacking the quality that fitm industry
needs. It is more Game-development friendly takiimgo

consideration that whatever is produced will be thgassed in an
interactive environment. Maybe Maya would be adyetpproach
in the future.

Shake is a more stable, superior in quality, noasebt
compositing system, hence why it$s been used lfasf ghe
keying, masks and Optical flow retiming work. Itea@tback is
that it$s not a true 3D compositing system andowuitBupport for
stereo anaglyphs.

Nuke form the other hand is more user-friendly vilib best of
both worlds. True 3D compositing, 3D primitives, saanline
renderer, embedded stereoscopic/ multi-view suppestly made
Gizmos to use and advanced scripting featureacksl on quality
and stability though. Sometimes the nodes just tdomht to
work, so one has to delete them and re-apply theaoring

rendering someone needs to be present; it crashesthing.

We are yet to see a commercial 3D environment tiaditvely
supports stereoscopic content creation, taking amesideration
the Visual Effects compositing aspect.

5.2 EPILOGUE

Nothing can better describe the title "Creative Hrestogy# than
the greatest technique of all: to be able to "teggbetween the
two brain hemispheres; using the technology to esetive

creativity and vice versa.
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APPENDIX Al

PROJECT TIMESCALE

March

May \ June

July | August \ September \ Octaber

Storyboards / Previz

Software Development

Software Testing / Debugging

Footage Acquisition

Pre-post / Masks

3D Reconstruction / Modelling

Texturing / Edge refining

Camera/Colour Match

Character Rigging / Animatics

Render Tests / 2D+ , Stereo

Final corrections

Final Rendering

Post-Production / Editing

DVD Authoring

Show Preparation

Written Critique

PROJECT TIMESCALE

March

April

APPENDIX A2

May | June

July \ August | Septemnber \ Octaber

Storyboards / Previz

Design

Early tests

Footage Acquisition

Pre-post / Masks

3D Reconstruction / Modelling

Texturing / Edge refining

Carmera/Colour Match

Character Rigging / Animatics

Render Tests / 2D+ |, Stereo

Final corrections

Final Rendering

Post-Production / Editing

DVD Authoring

Written Critigque

Show Preparation

Cantent

APPENDIX A3
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