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ABSTRACT

This paper describes a real-time pre-visualization method
using augmented reality techniques for videographers. It
enables them to test camera work without real actors in a
real environment. As a substitute for real actors, virtual ones
are superimposed on a live video in real-time according to a
real camera motion and an illumination condition. The key
technique of this method is real-time motion estimation of a
camera, which can be applied to unknown complex environ-
ments including natural objects. In our method, geometric
and photometric registration problems for such unknown
environments are solved to realize the above visualization.
A prototype system demonstrates availability of the pre-
visualization method.

Fig. 1. A pre-visualized scene.

g €nvironment using a chroma key technique. Chroma key tech-
nigque is extended by using a special retro-reflective cloth to
provide director and actors with different views. This method
enables us to reduce the cost of stage decoration.

1. INTRODUCTION The last one is a pre-visualization using augmented re-
ality [3]. AR storyboard [4] provides intuitive interface for

This paper describes a novel pre-visualization method applscene composition and camera pose/motion control in the

cable to the entire videography industry using MR techniqueggal-environment. Such a technique reduces the cost of actors

which can merge real and virtual worlds. There are esserplaying in the real scene.

tially three stages in the videography: pre-production, pro- All the pre-visualization techniques described above are

duction and post-production. Realizing a system helps efdesigned for indoor scenes. In outdoor environments, it

fective shooting in the production stage by providing pre-is difficult to obtain accurate camera pose if sensors and
visualized images in the pre-production stage. In the premarkers are not available. In the last kind of real-time pre-

production stage, the most important thing is not quality buvisualization techniques [3, 4], accurate 6 DOF camera pose
cost for making video contents. Several works to reduce thenust be estimated to register virtual actors/objects in each real
cost already exist on real-time pre-visualization using MRvideo frame. However, there are not any real-time estimation
techniques. method suitable for real-time outdoor pre-visualizations.

The first is a virtual rehearsal system for camera work In this paper, we propose a real-time pre-visualization
training [1], which is a technique closer to virtual reality method for outdoor environments including complex scenes
rather than mixed reality. It enables users to test camera wokuch as natural objects, as shown in Fig. 1. Our method is
in completely virtual environments rendered by computercategorized as a pre-visualization technique using augmented
graphics according to a real camera motion. User can watafeality. It is used in the pre-production stage to confirm and
the current camera angle with a small monitor attached on thadjust camera work and position of actors. The insertion of
camera body. The camera motion is measured by a markethe virtual objects into the real world is achieved by two key
based infrared tracking system. This technique can redugechniques: real-time estimation of camera work and lighting
the cost of stage decoration and actors. environment, rendering virtual actors according to the esti-

The second one is a pre-visualization method using augnated ones. Thus, in this paper, the Section 2 describes the
mented virtuality [2]. It is designed to work in a real studio algorithm of real-time pose estimation of a camera by using a
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pre-defined 3-D environmental model. Section 3 describes ah1.2. Point-based Environmental Model

implementation of prototype pre-visualization system to ren-

der virtual actors in real-time. Finally, Section 5 summarize:fo'nt'balsed environmental ”.‘90'6' consists of feature points
the present work. called landmarks, whose positions (1) are calculated by SFM

using an omnidirectional camera [13]. Each landmark retains
additional information for robust identification. The addi-
tional information (2) can be also calculated from the result
2. REAL-TIME REGISTRATION ALGORITHM of SFM. The elements of the model are listed as follows.

(1) 3-D positionx; of landmark;
(2) Information for identification

The geometric registration in the proposed method consists ~ (A) Position of omnidirectional camena

2.1. Geometric Registration

of two stages: construction of 3-D environmental model and (B) Multi-scale image templatk;(y)
estimation of camera pose. This section first describes our ~ (C) Normal vector of image template; (y)
strategy of the geometric registration, then algorithm of each (D) Scale of image templats (y)

stage.

2.1.3. Algorithm of Camera Pose Estimation

This section describes an algorithm estimating a camera pose
2.1.1. Design Strategy of Geometric Registration Method (positiont; and orientationr;) of the current frameé using

feature landmarks described above. This algorithm assumes
The geometric registration is the basic technique that posthat the initial camera pose is estimated by another method
of a camera are estimated from each video frame in reakuch as the simple method described in Section 3. Process
time. The registration for outdoor pre-visualization requiredor the subsequent frames is improvement of our previous
not only real-time processing and high accuracy but also thevork [12] using inter-frame feature matching. Detecting fea-
following two conditions: (i) modeling environment and esti- tures from the input image and matching them with the land-
mating camera pose are separated; (ii) the method is availabieark image templates, the correspondence between landmark
in a complex environment. We discuss the necessity of abovend input image is then established. The following list shows
conditions in the following introduction of previous works on these steps.
real-time registration.

It is basically possible to estimate camera pose of eacﬁtep
frame only from video data by several real-time registration
methods [5, 6], which is called simultaneous localization and
mapping (SLAM). The SLAM is similar to our approach in
the sense of application of a structure-from-motion (SFM)
technique, which is used to construct a 3-D model of the en-
vironment. The difference with our method is that the SFM
is performed in online process, therefore SLAM does not sat- camera pose of in the franfé— 1).

1 lhe ondlon () s Sheraclerls o nt sUlable 1Step 2 clclate tertatve camera pos€amerapose s
P calculated from the inter-frame correspondences by ro-

vironment is difficult before mo.delm.g. bust estimation. We apply RANSAC [14] approach to
Many separate types of registration method have beenalso  solve the minimization problem of sum of re-projection

developed. In most of them, artificial 3-D polygons are used errors.

as environmental models [7-10]. It is assumed that the envistep 3: select landmarksThis process selects landmarks

ronment is combination of simple objects such as planes and  ysed for the final camera pose estimation (Step 6) from

1: find inter-frame correspondencesCorrespondences
to inlier landmarks (described below) used for the pre-
vious frame are searched in the current frarbg tem-
plate matching. The template matching is performed
only at the observed feature points in a window whose
center is predicted position of landmarks in the frame
i. The predicted position of landmaykare calculated
as projected positions of 3-D position; by using a

straight lines. Itis difficult to apply those methods to complex the database. The selection criterions are designed so

outdoor scenes inClUding unknown natural ObjeCtS. that the camera pos”nm can be close to the position
On the other hand, there are some separate types of regis- y where the selected landmark was captured with the

tration methods [11, 12] using a point-based 3-D model gen- omnidirectional camera. We use the camera position

erated by SFM in offline process. These methods satisfy the t(;—1) of the previous frame in place of the current one.
two conditions described above. In order to separate two prdstep 5: find corresponding landmarks Each landmark se-
cesses (modeling and estimating camera pose), appearance lected above step is compared with observed feature
and illumination changes of feature points should be consid- points by template matching. Template matching re-
ered. Since robust identification methods are applied to find quires rectification of image templalg(y) using its
correspondences of feature points in these methods, real-time  normal vectom,(y) and scales;(y). The rectification
processing is not achieved. Therefore we improve this type of improves template matching even if two positions
registration method to realize real-time processing. andy are different. We also use normalized correlation



in this step to improve template matching for illumina- landmarks. In the estimation of camera pose, the initial cam-
tion change. era pose was given by setting the handy camera on a tripod.
Step 6: calculate final camera poseThis step is basically The camera pose on the tripod was estimated from 10 corre-
the same as Step 2. The landmarks used for in this stegpondences between observed feature point clicked manually
are called inlier landmarks. and landmark in advance. For the photometric registration,

) ) resolution of shadow map was 26856 pixels.
In Step 1 and 5, Harris operator [15] is used to detect feature ag g result, we achieve 12.5 Hz update of position of vir-

points because this operator can be computed faster than mqygy actors. Rendering rate of fighting motion of the actors
distinctive operators such as SIFT [16]. was approximate 30 fps. Update rate of shadow map is ap-
proximate 10 fps. We could check the positions of virtual ac-
2.2. Photometric Registration tors and our camera work in a real environment in real-time.
However, the average re-projection error sometimes became
Photometric registration in general augmented reality igpproximate 4 pixels. That means virtual actors are super-
solved to improve quality of displayed images. Howeverjmposed with a little jitter at that time. In the pre-production

photometric quality of presented images is not important tGtage, such jitter of this level is not major problem to test cam-
confirm camera work in real-time pre-visualization. In ourerz works.

work, the purpose of the photometric registration is repre-

sentation of physical relationship between virtual object and

real environment. For this purpose, important photometric 4. SUMMERY

property is cast shaddw . _ . o
The approach of our photometric registration is based off? IS paper, we propose a novel real-time pre-visualization

the image based shadowing [17]. In this method, cast shadpethod for videographer. The method_ls applicable to out-

ows on a known surface are simulated by using a simplifiedC0r Scenes where there are natural objects such as trees and

light environment acquired with a wide field-of-view camera.’0Cks. The key technique to satisfy the above characteristic is

The flow of our method is as follows. (1) Acquired image of @ geometric registration using a pre-constructed point-based

each frame is mapped onto a sphere surface, assuming posiP Model and feature point matching between the model

tions of light sources are located at infinity. (2) Each frame2nd observed ones. We realized the proposed method as a

of the acquired image is then binarized and labeled to obPrototype pre-visualization system which can display virtual

tain a dominant light source with maximum ar@a (3) Di- objects superimposed into a reaI_wdeo at near video rate of

rection of the dominant light source is calculated from the? Nandy camera. The visualized images of virtual actors en-

center of gravity of the are@. (4) Hard shadow by parallel aPled us to confirm our camera works.

lights is rendered on a flat plane by using the shadow map
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\

720x 480, 15fps, progressive scan
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CPU:Intel Core 2 Extreme 2.9Ghz, RAM:2GB

CPU:Intel Core 2 Duo 2GHz, RAM:2GB
NVIDIA GeForce Go 7600

fixed camera

action models display for visualization

USB2.0
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mobile camera Windows PC
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Fig. 2. Configuration of prototyped pre-visualization system.

[5] A. J. Davison, “Real-time simultaneous localisation and[12] M. Oe, T. Sato, and N. Yokoya, “Estimating camera po-

(6]

(7]

(8]

El

[10]

[11]

mapping with a single camera,” iaroc. 9th IEEE Int.
Conf. on Computer Visiqr2003, vol. 2, pp. 1403-1410.

D. Nistér, O. Naroditsky, and J. Bergen, “Visual odom-

etry,” in Proc. 2004 IEEE Computer Society Conf. on[13]

Computer Vision and Pattern Recognitj@904, vol. 2,
pp. 964-971.

Al Comport,E. Marchand, and F. Chaumette, “A real-
time tracker for markerless augmented reality, Piroc.

2nd IEEE and ACM Int. Symp. on Mixed and Augmented14]

Reality, 2003, pp. 36-45.

L. Vacchetti, V. Lepetit, and P. Fua, “Combining edge
and texture information for real-time accurate 3D cam-

era tracking,” inProc. 3rd IEEE and ACM Int. Symp. on [15]

Mixed and Augmented Realit®004, pp. 48-57.

H. Wuest, F. Vial, and D. Stricker, “Adaptive line track-

ing with multiple hypotheses for augmented reality,” in [16]

Proc. 4th IEEE and ACM Int. Symp. on Mixed and Aug-
mented Reality2005, pp. 62—69.

E. Rosten and T. Drummond, “Fusing points and IineJﬂ]

for high performance tracking,” iRroc. 10th IEEE Int.
Conf. on Computer Visigr2005, vol. 2, pp. 1508-1515.

I. Gordon and D. G. Lowe, “Scene modelling, recogni-
tion and tracking with invariant image features,’Hroc.
3rd IEEE and ACM Int. Symp. on Mixed and Augmented
Reality; 2004, pp. 110-119.

sition and posture by using feature landmark database,”
in Proc. 14th Scandinavian Conf. on Image Analysis
2005, pp. 171-181.

T. Sato, S. lkeda, and N. Yokoya, “Extrinsic camera
parameter recovery from multiple image sequences cap-
tured by an omni-directional multi-camera system,” in
Proc. European Conf. on Computer Visj@904, vol. 2,

pp. 326—-340.

M. A. Fischler and R. C. Bolles, “Random sample con-
sensus: A pradigm for model fitting with applications to
image analysis and automated cartograpBgmmuni-
cations of the ACMvol. 24, no. 6, pp. 381-395, 1981.

C. Harris and M. Stephens, “A combined corner and
edge detector,” irProc. 4th Alvey Vision Confl1988,
pp. 147-151.

D. G. Lowe, “Distinctive image features from scale-
invariant keypoints,international Journal of Computer
Vision vol. 60, no. 2, pp. 91-110, 2004.

P. Supan, I. Stuppacher, and M. Haller, “Image based
shadowing in real-time augmented realitirit. Journal
of Virtual Reality vol. 5, no. 3, pp. 1-7, 2006.

[18] L. Williams, “Casting curved shadows on curved sur-

faces,” inProc. of SIGGRAPH’781978, pp. 270-274.



