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ABSTRACT come these dif culties, by containing the acquisition param-
The pre-production stage in a Im work ow is important to eters in a "3D safe zone”. For example th@0th rulestates
Pre-p 9 P .that"the interaxial distance should be 1/30th of the distance

save time during production. To be useful in stereoscopi . .
3-D movie-making, storyboards and previz tools need to birom the camera to the rst foreground objecff]. This rule

) . : . Is very handy for safe Iming, but very limiting in terms of
adapted in at least wo ways. First, it should be pOSSIbI%D creativity. In order to create novel 3D narrativies [9], some

to specify the desired depth values with suitable and intu; . .

. . . ; not-so-safe” con gurations should also be explored.

itive user interfaces. Second, it should be possible to pre- i _
In order to explore and test new con gurations, working

view the stereoscopic movie with a suitable screen size. In ith actual X Ci b Creati wal
this paper, we describe a novel technigue for simulating é{vr'] ?C ua te.qutllpmen IS cum ersgme. reating aln_ ac ufa
cinema projection room with arbitrary dimensions in a real->1001Ng SEL IS ime consuming and expensive, involving ot-

time game engine, while controling the camera interaxial anée" mpprtant human resources. Instead of using the agtual
convergence parameters with a gamepad controller. Our tecfafgﬂl"'S"F'()r1_dev'ceS (cameras, rigs, actors, sets,...) and differ-
nigue has been implemented in the Blender Game Engine aigt Projection rooms (tv, 10m, 20m scr_eens) we propose to
tested during the shooting of a short movie. Qualitative expelwork.In a V|rtu.al enV|r.onment: t.he movie pre-wsuahzatl.on
imental results show that our technique overcomes the ”mita(prev!z). Prew; COI’]SIftS of a virtual enwronmgnt ‘?‘!!O,W'”g
tions of previous work in stereoscopic previz and can usefull;ﬁ)he director to literally "see his Im before shooting iC[11]

complement traditional storyboards during pre-production o y creating simpli ed 3D mod'els of the Scene, and generat-
stereoscopic 3-D movies. Ing computer-generated versions of the movie shot by shot.

_ It is widely used in the pre-production phase of Im-making.
Index Terms— 3D video capture and 3D-TV, Scene mod- |t gives directors the opportunity to easily explore novel and

elling, Pre-visualization. original shooting con gurations, without the high cost of an
actual shooting test. Moreover, previz can also be very helpful
1. INTRODUCTION for teaching movie-making, as students can interactively play

with camera parameters and see the effects of their choices.

Stereoscopic movie-making process is a complex task involv-  Existing previz tools adressed a subset of these stereo-
ing mainly two stages: the acquisition and the projection. Irscopic shooting problems. We built on them to provide a new
the acquisition stage, two cameras are mounted in a sterepreviz tool that supports two crucial characteristics:
scopic rig. The rig allows to control the distance between the Real-time dynamic manipulation of the scene and cam-
cameras (interaxial) and their relative angle. This angle wilera controls with a physical device:existing tools are either
de ne the convergence distance. In the projection stage, thetatic or provide an animation based on keyframes, that are
two acquired images are projected onto the same screen fomatomatically interpolated. However an operator would like
spectator to watch them. to rehearse as if he was on-set. In particular, dynamic shots

The director and the stereographer face an important queare dif cult to master. For example, panning shots and dolly
tion: how to set the acquisition parameters e.g., interaxial anshots are very frequent in modern movie-making, and require
convergence distance, in order to obtain the desired 3D effeatlot of preparation. Because the image content varies dramat-
in the projection room. This choice is dif cult because the re-ically during such shots, it is particularly important to con-
lationship between the 3D of the acquired scene and the perol stereoscopic parameters dynamically. Yet, existing pre-
ceived 3D in the projection room is complex. Moreover, 3Dviz tools offer limited control of interaxial and convergence
perception during the projection stage includes physiologicadlistance dynamics. As a result, some directors and stereogra-
constraints thay may cause visual fatiguel [13], due to, e.gphers tend to adopt conservative values that can be kept con-
ocular divergence or convergence/focus dissociation. stant for the entire shot, even in previz. Real-time control of

In recent years, expert directors and stereoographers hagamera interaxial and convergence distance is needed to re-
proposed some useful rules of thumb that can be used to ovdrearse this more complex shots in previz.



Depth information visualization: the transformation be- The goal of 88D calculatoris to help the stereographer to
tween the real 3D in the scene and the perceived 3D in theon gure its rig (mainly the interaxial parameter), by de n-
projection room is complex. Small changes in the acquisiing the acquisition and the movie theater parameters. Those
tion stereoscopic parameters can signi cantly modify the persimulators allow to specify static depth limits in both worlds,
ceived 3D effect in the projection room. Itis highly dif cultto namelynearandfar planes. The software will compute the
visually understand how this transformation deforms the 30nteraxial parameter creating a 3D transformation between
objects. The main issue is that the size of the screen used ftre scene and the movie theater, so that objects in the shoot-
projection will in uence the perceived 3D [1]. For example, ing near plane (btw. far plane) appear in the movie theater
it is not possible to pre-visualize 3D on a laptop screen if theat the speci ed near plane (btw. far plane). As of today,
target is a movie theater with a 10 m wide screen. Other existhore than 20 differen8D calculatorsare available on the
ing methods, based on meta-data feedback (e.g., depth—budgmtﬂ The pioneers in this type of application were Inition
[4][15]) are not easy to read and lack deformation informationwith it's StereoBraiE]. and FrameForge with itRealD Pro-

In this paper, we present@ynamic Stereoscopic Previz fessional Stereo3D CaIcuIa@;rOnly theCine3D Stereogra-
(DSP) system which overcomes the above limitations. Onpheﬁ] claims to have a real-time simulation, allowing to si-
the one hand, DSP allows a real-time, direct interaction in anultaneously display the perceived depth as the Iming pa-
game engine, which makes it suitable for use by directors, cirrameters are interactively changed by the user.
ematographers and stereographers. In single user mode, DSP Although tools have proven to be very helpful to the com-
allows camera parameters to be recorded one by one, withinmaunity, they all share two important limitations. The rst
dedicated multi-track recording system. In multi-user modejmportant limitation of those approaches is its static nature.
DSP allows camera parameters to be recorded from multiplactual shots are dynamic: actors, as well as sets and camera
devices. On the other hand, we propose a novel method f@ositions can (and will) move inside one shot. None of the
simulating avirtual projection room(Sec[4) that allows see- above tools are designed to handle different settings changing
ing, not only a volume, but also the arrangement of the 3Dacross time. Each con guration has to be tested individually
elements of the scene as they will be perceived in the specind they can not be animated over time. The second limitation
ed projection room. One important property of this view is is that the calculators only allow to de ne the volume where
that it scales with the target screen size. Moreover the repréhe action will take place. However, 3D Iming involves not
sentation gives more relevant information than the often usednly the volume, but the composition and arrangement of the
depth budget elements in this volume. Those tools do not allow to set dif-

Directors and stereographers can take advantage of DSerent objects on the acquisition space, and see their relative
by recording actors movements, then camera movements, theasition and deformation as they would be perceived in the
stereoscopic parameters and review the perceived depth gifrojection room.
fects immediately on all targeted screen sizes. Ourimplemen- In the area of 3D previz, a virtual environment allows to
tation of DSP has been tested by professional Im-makers ocreate simple computer-generated shots. Among existing pre-
an actual stereoscopic short Im: Endless Night (see Sec. 5)viz tools, we can nd different approaches depending on the
target user. A rst approach focuses in the ease of use of
the creation of the 3D world, by providing big databases of
presets for actors, decors, and cameras. FrameForge Previz

The dif culty of planning 3D cinematography has motivated studio[12] with itsStereo Editioris a commercially available
research in the related areas of 3D calculators, 3D previz too%re\’iZ tool aIIQWing to easily plan stereoscopic shols [5]. This
and onset 3D production tools (sometimes called durviz tools§Vironment is also able to handle dynamic shots. The user
In the area of 3D production tools, we nd 3ality Tech- tan con gure the scene at different Keyfrgmes and the pro-
nica’s "Stereo Image Processor”, Franhaufer's "Stereoscopi ram W|II_ a_utoma'ucall_y create the animations. However, in
Analyzer’ (STAN) described in [15], Binocle's "TaggerMovie"t is tool it is not p035|_ble to gontrol_ the camera moyements
and "TaggerLive” and the "Computational Stereo Camera Sygy mtt_eractlvely changing their settings with a physical de-
tem with Programmable Control Loop” from Heinzle etl.[4]. V'C\i’ like fgr ex?mé’(;‘? th?hogt Cut & PIgyCQam(;(SJ. Irr]w
Those products allow the stereographer to have on-set feetl- lewer-Centric |tlor or teregscoplc inerfig tec -
back on how their acquisition images will look like in the niques for stereoscopic shot planning and post-production are

projection room. The main constraint of those tools is théarowded. Their method requires rough takes of the scene

need_Of actual acql_Jisition equipment: they reqUire_ an acufal Ihttp://www.stereo-3d-info.de/3d-calculator.html
3-D rig complete with cameras, actors, and a full-size movie 2http://www.inition.co.uk/opinion/

set.Under those circumstances, the test of exploratory shattgreobrain-calculator

becomes quickly expensive and time consuming. Cinemato%ho':]tg?ﬁmw'framemrgeg’d'°°m/ Products/
raphy students with novel ideas cannot "see their movie be=aqp /aww.stereographer.chi

fore shooting it” as proposed by Profefes[11]. StereographerSiteEN/index.php
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v 3.1. Stereoscopic controls

o DSP lets users take control of all camera parameters, includ-
convergence / \ ing the two stereoscopic controls of professional rigs : inter-
distance H , \ axial, noted a® and convergence distance, noted-agsee

/ \ Fig. [1). We assume a perfectly calibrated rig, with the seg-
/ \ ment joining both optical centers (baseline) being parallel to
/ \ the projection planes. We consider that the convergence is
’ \ done by shifting the optical centers of the cameras along their
/ \ baseline. By doing so, keystone artefacts are avoided and zero

disparity (corresponding to screen depth) can be set at any
distance.
N A interaxial b

left camera right camera 3.2. Multitrack recording

Fig. 1. Top view of a stereoscopic setting showing two pa-We provide a multitrack recording feature allowing to sequen-
rameters: interaxial and convergence distance tially record the different parameters of a stereoscopic camera

rig. Users can choose different roles to take control of differ-
ent parameters. In the camera operator role, the user controls

and/or still images. In contrast, we use 3D models of thd@": titte and zoom parameters. In the stereographer role, the

scene. Their editor features a bird's eye view of the scenkSer controls interaxial and convergence. In the Dolly assis-

showing the perceived screen edge depths and the proscenil@!t role, the user controls camera translation, etc.
arch. In contrast, we offer a simulated view of the scene as Multi-track recording allows to replay previously recorded
perceived in the projection room. tracks while recording novel tracks controlled by one or more

Another related work is the Mixed Reality Pre-visualization oo > t"?‘k'”g different roles. Once they are recorded, t.he user
tool for Filmmaking presented ifi[6]. They aim the produc_can switch to another role and control its corresponding pa-

tion of shots composed of virtual characters on a real Se{ameters. The time-line allows to navigate temporally and

which are very challenging for the camera operator. Withd'Splay the values of all the parameters at each instant. At

real-time tracking techniques they align the virtual action oY time the user can record again any track, exploring new

the actors on the acquired images. This allows the camera OEQSSIbHItIQS and con gurations. Previous recordings can be

erator to rehearse the camera movements that would best eD;an;;;):n]plaerlzﬁﬂ'a annina shot is shown in 2 Given
the animation. In its stereoscopic extension of the papeéer [1Ozln actor's mF())vement IF;] the Set (a woman entgr%.th.e room)
they automatically set the rig parameters, interaxial and “Othe user can rst select the Camera Operator role to controll
vergence, with th&/30thrule, in order to be in the safe zone.

An obvious limitation of both methods for our purpose is tha thheecjsn;?r?aaotsrgi?]nai%drz)cifrv(\j’ ti?se nTg\Xeer;n:nr;tsosfetcngIC:irﬁqsesé
they require a full-size studio during rehearsals. '

) i ) _ . Once the framing is satisfactory the user switches to Stere-
None of the previously cited previz tools provides a Vi- ;g apher role, to control the Interaxial and the Convergence
sualization of how the shot would look like in the projection distance. All these parameters can, as in an actual shooting,
room. be changed dynamically during the scene. The recording or-
der of the parameters is not constrained. The user can explore

the possibilities at will. Moreover, at any moment, the user is
3. REAL TIME CAMERA CONTROL able to record again any track.

DSP consists of python scripts and OpenGL shaders running 4. VIRTUAL PROJECTION ROOM

in the Blender Game Engine, which is multiplatform (Linux,

Windows and OsX), and makes it easy to create 3D modelgne of the main dif culties when shooting stereoscopic footage
for the sets, characters and props required in @ movie pres the fact that the result depends on the geometry of the pro-
visualization. Moreover, a large online community providesjection room. The artist needs to decide for which target
free access to a large database of online models and animgreen size the images will be shot.

tions. An additional benet of the Blender Game Engine

is that a large majority of USB devices, e.g., commercially4.1' Parameters

available focus and aperture pullers, can be connected with

the real-time OSC protocal [14]. In our implementation weWe give the possibility to the artist to con gure the virtual
used a USB game-pad controller. projection room by setting the following parameteBtreen
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Fig. 2. First row (Adjusting frame):the user in Camera Operator role, controls the frame of the camera interactively, and
follows the woman as she enters the room. The parameters of the camera, Pan and Tilt, are recorded (marked with a green
box). Second row (Adjusting stereodnce the frame has been recorded, the user switches to Stereographer role and controls
the interaxial and convergence distance interactively. The parameters of the camera, Pan and Tilt, are replayed (marked with a
gray box) while Convergence and Interaxial are recorded (marked with a green box). The yellow semitransparent rectangle in
the images shows the stereoscopic convergence plane in the scene.

sizeis the width of the target scree8pectator positionisthe  over, some 3D deformations of the scene are acceptable when
position of the spectator in the projection rooNear plane  perceived by the spectatér [8]. Despite its limitations, the vir-
alert is a depth. Any object in front of the near plane will tual projection room provides vital information about the 3D
raise an alertFar plane alert is a depth. Any object behind deformations created by the current shooting and projection
the far plane will raise an alert. The user can freely move iton gurations.

in the projection room, in order to see the deformations of the

projected scene. See Fid. 41o 8 for examples. 4.3. Simulation

) In our DSP tool we proposevartual projection room simula-
4.2. Transformation tion. It allows seeing at a very early stage, how the scene will

Given the shooting con guration and the projection con gu- 100K like when projected on the target screen. _
ration, previous work 2] has shown that a non-linear geomet- Ve explain the computation with a simple example. While
ric 3D transformation exists from the 3D world into the pro- W€ are acquiring the scene presented in|Fig. 4 (a woman and
jection room. This transformation is complex for most com-fWO SPheres), the operator can set the interaxial and the con-
mon con gurations, making it dif cult for the director teee ~ VErgence distance at will. We draw the corresponding con-
how the 3D shot will look like in the projection room. vergence window as shown in Fig} 4. This window depends
Using the notation detailed in Fi] 3, the relationship be-On the focal of the camera and the convergence distance. In
tween the true depth in the 3D scene and the perceived de .[§ we show different V|ews_of the virtual projection room.
in the projection room can be written as: Th_ey present the 3D perception of 'ghe spectator of the ac-
quired images. For the rst con guration we selected the di-

o HO mensions of the projection room to exactly match those of
2= 1 Wbz~ 3" (1) the acquisition set. With this con guratiotb = H*H =
L H%W = W9, the eq[ L becomea®= Z. No deformations

The proposedirtual projection roomrelies on a purely of the space are introduced.
geometric transformation. It doesn't take into account other Let us change the virtual projection room con guration
well known 2D depth cues, like for examplégght and shade by making the screen bigger (10m) and moving the spectator
or theRelative sizef objects (smaller objects are farther away}o a viewing distance of 10m. Now the perceived 3D scene
These factors are well know encodethe depth in a 2D rep- reveals important deformations, as shown in Fip. 6. Notice
resentation and are not taken into account in this work. Morethe complex deformation arising in the perceived depth in-



Fig. 4. Acquisition view of the Toy Scene. Left: perspective

[_Symbol | Shooting | MovieTheater | ey, Right: top orthogonal view. The woman is at 2.5m of
Ci, Cr camera optical center | eye optical center | the camera, and the woman's shoulders are 0.5m wide. The
P physical point of the scen¢ _perceived 3D point|  gpheres have a diameter of 0.5m. The blue one is 0.5m in
Mi, M image points oP screen points front of the woman, and the red one 1m behind. Bottom row:
b interaxial humain eye distance 0 jnteraxial is set to 6.5cm. The convergence distance is set
\'/_'v C(;?:/\g;geilceep?:;:l?fe Scsnz?eneglztiigce af[ 2.5m of the camera (the depth gf the woman). A window is
Z real depth verceived depth displayed to help the operator validate the parameters.
d left-right disparity (as a fraction oV)

Fig. 3. Parameters describing the shooting geometry and t
movie theater con guration (reproduced from [2].

troduced only by changing the screen size and the spectator
position. We would like to draw the reader’s attention to com-ig 5, vjisualization of the virtual projection room for the im-

pare the right images on Fig] 5 and F[g. 6. In the rst, theages acquired with the con guration of Fif] 4. The interoc-
screen is 2.5 m wide, and in the second it is 10m wide, agjar petween the eyes of the spectator is 6.5cm, the screen is
shown by the smaller size of the spectator. Once the operatorsm wide and the spectator is centered in the room at a 2.5m
perceives the problem, he can change the acquisition paramgstance of the screen. Because the virtual projection room
ters in order to obtain the desired result. In this case, by onlygn guration matches the acquisition con guration from Fig.
decreasing the interaxial parameter, the perceived 3D can E no 3D deformation is introduced. The 3D transformation

improved as shown in Fid.] 7. The user can, at any momenfg the |dentity transformation. Left: perspective view. Right:
freely move the viewpoints in the acquisition scene and they orthogonal view.

virtual projection room, as shown in Fig] 8. This ability al-

lows the user to explore and better understand the perceived

3D scene. for ten shots of the movie, two of which are presented in this
In this example we chose to minimize 3D deformation insection, and in the supplementary videos.

the projection room. In other cases, the deformation of the DSP takes as input an annotated storyboard such &|Fig. 9

scene can be a narrative tool for the director. With this simpl@nd10. For each shot the storyboard provides the rst and the

example we show the power of the feedback provided by thiast frames, together with oor-plan view drawings of the de-

virtual projection room, which allows the director to quickly sired camera and actors movements and a written annotation

understand the complex 3D transformations involved with th@n the desired mise-en-scene (shallow or deep shot, in front

projection and interactively adjust the acquisition parameter®r at the back of the screen).

5. EXPERIMENTAL RESULTS 5-1. Panning & Dolly Shots

In order to show the dif culty of the stereoscopic parameter
We tested our DSP tool during the shooting of a short sterecsetting, we focus on two dynamic shots: a panning shot and
scopic movie. This short movie (Endless Night) takes placa dolly shot. In the panning shot the actress comes out from
in an apartment, which we re-created in Blender 3D. Basethe room and enters the hall. The storyboard drawings are
on the director's storyboards, we created previz animationshown in Fig.[9. In the Dolly shot the woman simply walks
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Fig. 6. Visualization of the virtual projection room for the
images acquired with the con guration of Fif] 4. The inte- T
rocular between the eyes of the spectator is 6.5cm, the screen
is 10m wide and the spectator is centered in the room at a

10m distance of the screen. Important deformations of the

perceived 3D scene are introduced. Left: perspective view.

Right: top orthogonal view.

.......

Fig. 9. Traditional storyboards are useful for placing actors
and cameras, but provide little support for stereoscopic 3-D.
We use them as input for previz. Top: Storyboard input for a
panning shot. Bottom: Floor-plan view with director's anno-
tations showing camera and actors displacements.

Fig. 7. First Row (Acquisition of the Toy Scene ): the inter-

axial is set to 2cm. The convergence distance is set at 2.5m

the camera (the depth of the woman). Second Row (Visualize
tion of the virtual projection room): The interocular between
the eyes of the spectator is 6.5 cm, the screen is 10m wide ai
the spectator is centered in the room at a 10m distance of tt
screen. The modi cation in the acquisition device allows to
avoid the important 3D deformations of Figd. 6.

Fig. 8. A different viewpoint of the acquisition (left) and vir- Fig- 10. Top: Storyboard input for a Dolly shot. Bottom:

tual projection room (right) corresponding to the con gura- Floor-plan vi_ew with director's annotation showing camera
tions of Fig[7. and actors displacements.



across the hall and the camera moves backwards. Its story- Image and Geometry Processing for 3-D Cinematogra-
board drawings are shown in F[g.]10. phy, pages 11-51. Springer Berlin Heidelberg, 2010.
Those shots are challenging because the motion of th
camera introduces important changes on the acquired scen
volume. The movement of the female actor also gives mul-
tiple choices to set the convergence distance. Several stereo-
scopic choices are possible depending on the desired 3D eff4] Simon Heinzle, Pierre Greisen, David Gallup, Christine
fect. DSP allows to play with different stereoscopic con g- Chen, Daniel Saner, Aljoscha Smolic, Andreas Burg,
urations, by dynamically changing the convergence distance  \wojciech Matusik, and Markus Gross. Computational
and the interaxial parameters. In Fig] 11 infl 12 we show the  stereo camera system with programmable control loop.

action recorded by DSP, as well as the actual rushes from a  Transaction on Graphics30:94:1-94:10, August 2011.
test shooting of the scene.

] Xavier Gouchet, Remi Quittard, and Nicolas Serikoff.
Scp camera.Proc. of SIGGRAPH emerging technolo-
gies page 16, 2007.

[5] Jay. Holben. Frameforge 3d studio simpli es storyboard
process.American Cinematographer Magazingages
5.2. Augmented storyboards 101106, October 2003,

Traditional storyboards such as Figs. 9 10 cannot be use
to convey stereoscopic depth effects and mise-en-scene, e 6]
cept for a written description of the expected 3D. After previz,

we can enrich this description with a top view of the virtual X X
projection room (see Sdd 4). With this visual information, the work authoring and action rehearsait. J. Virtual Re-
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Ryosuke Ichikari, Ryuhei Tenmoku, Fumihisa Shibata,
Toshikazu Ohshima, and Hideyuki Tamura. Mixed re-
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and camera operators). B. Ressler, and A. Colburn. A viewer-centric editor for
3d moviesComputer Graphics and Applications, IEEE
6. CONCLUSION 31(1):20 35, jan.-feb. 2011.
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t=1 t=2 t=3 t=4

2D Actual Shot 2D PreViz Shot Virt. Proj. Room Aquisition View

Fig. 11 Previz results for a panning shot. Columns show different times in the shot, arranged chronologically from left to right.
First row: shooting set; second row: projection room; third row: previz results; bottom row: actual rushes. The stereoscopic
parameters are adjusted across the shot to adjust the stereoscopic effect.

t=1 t=2 t=3 t=4

2D Actual Shot 2D PreViz Shot Virt. Proj. Room Aquisition View

Fig. 12 Previz results for a Dolly shot. The actor moves away from the furniture across the room. The dif culty of this shot is
to handle the increasing volume of the scene, as the actor moves farther away from the back wall. Moreover, the distance of the
actor to the camera decreases as she walks.



