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Multi-View Video Processing: IVR, Graphics Composition, and Viewer
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ABSTRACT

Multi-view video has recently gained much aftraction from academic and commercial fields because it can deliver the immersive
viewing of natural scenes. This paper presents multi-view video processing being composed of intermediate view reconstruction
(IVR), graphics composition, and multi-view video viewer, First we generate virtual views between multi-view cameras using depth
and texture images of the input videos. Then we mix graphic objects to the generated view images. The multi-view video viewer
is developed to examine the reconstructed images and composite images. As well, it can provide users with some special effects of
multi-view video. We present experimental results that validate our proposed method and show that graphic objects could become

the inalienable part of the multi-view video.
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I. INTRODUCTION

Multi-view video has recently gained much attraction
from academic and commercial fields [1, 2, 3]. The mul-
ti-view video not only provides the wide viewing of natural
scenes, but delivers immersive and realistic contents to
users, especially when combined with synthetic contents
such as computer graphics. In practice, due to the finite
number of cameras and the large inter-camera distance for

a wide view, intermediate views need to be reconstructed.
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The intermediate view reconstruction (IVR) requires accu-
rate camera calibration, depth data, and texture image.
From the texture image and depth data of camera views,
novel views can be reconstructed. One of possible techni-
ques is image-based rendering (IBR) that has attracted
much attention in the past decade [4]. IBR aims to capture
a real scene using a number of cameras. Any view of the
scene can be generated from the camera views.
Previous works for generating virtual images were aimed
at generating a novel image at any arbitrary viewpoint using
image data acquired from the cameras. An effective way to
generate virtual images is the utilization of depth and tex-
ture images [5, 6]. With depth and image data of all camera
views, it is possible to reconstruct any arbitrary views. On
the contrary, the research for mixing graphics objects into
multi-view video is relatively few. The composition of the
multi-view images being composed of camera and virtual

views with graphic objects is an important subject, because
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composite scenes can increase and deliver better immersive
perception. Furthermore, we have developed a multi-view
video viewing software to test the quality of output images
as well as the effect of special display functions.

In this paper we present multi-view video processing be-
ing composed of IVR, graphics composition, and viewer.
The structure of the multi-view video processing is given
in Fig. 1. Our approach to multi-view video composition
with graphic objects includes two main steps. First we gen-
erate a virtual texture image between base cameras using
depth and texture representation. Second we combine the
obtained texture image of a virtual view with a synthetic
graphic object. Also during the texture image generation,
we generate its depth map. The depth map is stored in
graphics Z-buffer and after image composition it is flushed.
Based on camera calibration parameters and depth data, we
reconstruct virtual intermediate images. As well, in order
to carry out the image composition, the locations of graphic
cameras are fixed to be at the identical places of the camera
and virtual cameras so that the real scene and graphic ob-
jects are correctly registered. The texture image and depth
data are obtained for both virtual and graphics views and
a final composite image is made using Z-keying. Then, the
output images are examined by a multi-view video viewer
with special display functions to enhance the immersive

perception.

Multi-View
Camera IVR
Analysis

c o Multi-View
——.| Z-Keying }———»m’—o Video

Viewer
Graphic
Objects

Fig. 1 The structure of the multi-view video processing

Multi-View
Video

Following chapter describes the intermediate view re-

construction in details. The image composition with graph-

ic objects is presented in Chapter Il. Chapter IV describes
the multi-view video viewer. Finally, Chapter V presents
experimental results performed on multi-view video fol-

lowed by the conclusion and future works of Chapter V1.

. IVR

We use three types of cameras in our method: base cam-
era, virtual camera, and graphics camera. The base camera
is a multi-view camera which captures video. With the vir-
tual camera, new intermediate views are generated between
two neighboring base cameras. The graphics camera is
used to make graphic objects. The three cameras are set
to accurately produce synthesized and composite views.
For instance, camera parameters of the base cameras are
implicitly or explicitly utilized. The position of a graphics
camera coincides with that of a corresponding base or vir-
tual camera

A distinctive feature is that we use an identical world
coordinate system (WCS) for all types of cameras. The rea-
son to use the identical WCS is the ability of full inter-
actions between a real scene and graphic objects. Occlusion
between them is automatically handled by a graphics en-
gine because their Z-values are stored in the same Z-buffer.

Camera calibration parameters consist of two matrices:
an intrinsic matrix K, which describes perspective projec-
tion and an extrinsic matrix [R | t], which describes camera
orientation and position with respect to a world coordinate
system [7]. A camera projects a 3-D world point to a 2-D
point in an image. If the world and image points are repre-
sented by homogeneous vectors, then the mapping between

their homogeneous coordinates can be expressed as
x = MX M

where X represents a world point by the homogeneous vec-



BESTHI=EA 20073 A12A A4z

tor (X, Y, Z, )T, and x represents an image point as a
homogeneous vector.

The projection matrix M is expressed by

M=KI[RIt] (2)
where
v sf X0
0 0 1

and f is focal length, y is aspect ratio, s is skew, and (Xo,
Vo) is an image center.

A point x = (u, v) in an image can correspond to many
3-D points in the world. The ambiguity in determining the
correct 3-D point can be resolved by using depth z of the
pixel x, which is the distance along the principal axis from
the camera center C to the 3-D point X which projects to
x. Given depth z for every pixel x = (u, v) and the calibra-
tion matrix M, the corresponding 3-D point X can be given
by the

X =0C+Mx o
where X represents the 3-D point for the pixel x = (u, v),
z is depth value corresponding to the pixel x, x is pixel
homogenous coordinate (u, v, 1), M' is the pseudo inverse
of camera projection matrix M such that MM' = I, and C

is the camera center coordinate.

(b)

Fig. 2 Two virtual images are obtained (a) from the base camera 1 and (b) from the base camera 2. The final image is shown in (c).
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Now we present how we determine the virtual camera
positions and orientations. To place any virtual camera in
a proper position between selected base cameras, we have
used information from these base cameras about how they
are disposed in the space and in what direction they look.
From camera extrinsic matrices of neighboring base cam-
eras, we specify a camera extrinsic matrix [R | t] for a vir-
tual camera to set its orientation and position. In case of
parallel setup of the base cameras, a rotation matrix for any
virtual camera should be identity matrix and we only need
to specify a translation vector to set a virtual camera posi-
tion between two chosen base cameras. For arc setup, we
also need to specify a rotation matrix for any virtual cam-
era to aim it in a proper direction, corresponding to view-
ing directions of the neighboring base cameras. First we
compute a translation vector for every virtual camera. We
simply compute delta (difference) between x coordinates of
neighboring base cameras and do the same for z
coordinates. Then we divide the delta into equal intervals
according to a specified number of virtual views. And fi-
nally we set virtual camera centers at the joints of the
intervals. The derivation of a rotation matrix is similarly
carried out.
An algorithm to generate a texture image of a virtual
camera is carried out as follows:
1) Specify two base cameras; base cameras 1 and 2 (see
Fig. 2)

2) Project pixels from the base camera 1 back to 3-D
space. For every pixel, its associated 3-D point is esti-
mated by Eq. (4).
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3) Project all 3-D points reconstructed in 2) in virtual
camera direction and obtain a new image.
4) Repeat 2) and 3) for the base camera 2 and update

the new image.

The example in Fig. 2 illustrates the virtual views ob-
tained from the proposed method. Fig. 2 (a) shows a virtual
image obtained fromthe base camera 1. The black region
contains pixels occluded from the base camera 1. The im-
age in Fig. 2 (b) is a virtual view made from the base cam-
era 2. Also, the black region occluded by the camera 2 is
observed. The image in Fig. 2 (c) is the final image. Most
of occluded pixels are solved. A red synthetic object is
mixed according to a method described in the next chapter.

Ili. Graphics Composition

After obtaining texture and depth images of virtual
views, we proceed to an image composition. The composi-
tion is identically applied to both camera and virtual view,
Real-world Z-value is stored in the graphics Z-buffer so
that when we insert a graphic object, occlusion between re-
al scene and graphic objects is automatically resolved.

The mixing of the 3-D real-image-based scene and
graphic objects is performed by Z-keying that compares
pixelwise depth information [8]. To maintain the con-
sistency between the real space and the graphics space, we
need to use a unified set of camera parameters. Thus the
parameters of the camera are used as the reference. We first
use the camera parameters to set up a multi-view camera.
In mixing graphics objects into the real scene, one of the
important technical issues is the registration between
graphic objects and the real scenes. To provide a natu-
ral-looking image, the exact position of the real camera
must be known to place the objects correctly in the scene.

Now we present how we determine the graphics camera

positions and orientations. To place any graphics camera
in a proper position coinciding with selected base or virtual
camera, we adopt their intrinsic and extrinsic camera ma-
trices for the graphics camera and then we convert that ma-
trices to the form, which is acceptable for the graphics
engine.

To generate a graphic image, we first derive a relation-
ship between base/virtual camera and graphics camera.
Then, from the graphics camera corresponding to its asso-
ciated base or virtual camera, a graphic image is made. For
this we need to convert the intrinsic camera matrix K and
the extrinsic camera matrix [R | t] of a base camera to the
graphics projection matrix P and the graphics viewing ma-
trix V accordingly. Remind that the base camera projection
matrix M is M = K [R | t]. This matrix completely de-
termines how 3-D world point described in the world coor-
dinate system projects to 2-D point in the image plane.

We derive an analogous projection matrix for the
graphics. First we convert [R | t] to the viewing matrix V
by adding [0 0 0 1] to the bottom row.

V:( R ’] (s)
0 0 01

The next step is to convert K into a 4 x 4 projection
matrix P as follows [9].

R+L

0 0
R-L R-L
0 2N T+B 0
P= T-B T-B (6)
0 —(F+N) -2FN
F-N F-N
0 0 -1 0

where N is near plane, F is far plane, R is right plane, L
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is left plane, B is bottom plane, and T is top plane of a
view volume (e.g., frustrum).

For consistency, we set N equal to a focal length f. Other
parameters are set automatically when we specify a vertical

view angle and an aspect ratio as follows:

T=Netan(———ViewAngle/ 2),B=—T,R=T dspectRato.L=R (1)
180

P puts a view volume (frustum) into the canonical view
volume (cube) with all dimensions from -1 to 1. Graphics
camera projection matrix G is the product of a projection

matrix P and a viewing matrix V, and expressed by
G=PV (8)

Then, the projection of a 3-D world point X in homoge-
neous coordinate system to 3-D point Y in homogeneous

camera coordinates is given by
Y=GX (9

The base camera projects a 3-D point in the world coor-
dinate system to a 2-D point in the image coordinate
system. Essentially, depth information is lost in this
process. In homogeneous coordinate system, M is a 3 x
4 matrix, which maps a 3-D point to a 2-D point. Graphics
camera projection is identical to base camera projection. In
addition, the graphics camera projection also stores depth
in normalized form, which is used in hidden surface elimi-
nation (e.g., z-buffer algorithm). Since a 3-D point is map-
ped to another 3-D point in the homogeneous coordinates,
G is a 4 x 4 matrix. Taking into account the features of
base and graphics cameras, the reason why we convert the
camera matrix from the base camera to the graphics camera
is that z-coordinate of 3-D point is stored in the z-buffer,
since graphics camera projects a 3-D point to a 3-D point

in contrast to base camera that maps a 3-D point to a 2-D
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point.

Z-keying method implies that on the input we have tex-
ture data for real and graphics images, and also we have
depth data for them. Merging real and graphics texture im-
ages is done on comparing z-values of pixels from depth

data of real and graphics images.

V. Multi-View Video Viewer

The multi-view video viewer in Fig. 3 provides a tool
to test the quality of the reconstructed images as well as
the effect of graphics composition. Besides these, special
effects could be tested for enhanced viewing of multi-view
videos. Fi(j) denotes the jth frame of the ith view. The main
functions of the multi-view video viewer are introduced as

follows.

Fig. 3 Multi-view video viewer

A) 2D/3D display: The viewer supports 2D and 3D ster-
eoscopic video. In the 2D mode, a single view is rendered.
The interlaced image of Fi(j) and Fi(j) is displayed in the
3D mode. The value of k can be varied based upon the
depth control.

B) Depth Control: 1t is possible to control the degree of

stereoscopic depth. For instance, a pair of stereoscopic im-
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age can be made from {F(j), Fiu(j)}, {Fi(G), Fa(G)}, -,
or {Fi(j), Fi(j)}. The larger the frame interval, n is, the
larger depth is perceived.

C) Special effects: The following three effects are pro-

vided:

1) View switching: Users are able to switch flexibly
from one view to another as the video continues along
time.

2) Frozen-moment and rotate: In the frozen-moment and
rotate, time is frozen and the camera view rotates
about a given point. One example is that users can
view frames Fi(j), Fa(j), **+, Fu(j) back and forth at the
Jjth frame of time instant. This effect is suitable for
a convergent camera setup.

3) View sweeping: It involves sweeping through ad-
Jacent view direction while the time is still moving.
It allows the user to view the event from different
view direction. One example is that a user can view
frames Fi(j), F2(+1), -, Fu(j+n-1) starting at the jth

frame of the 1st view.

Texture image and depth

Graphic objects and depth

Composite image

(a)

V. Experimental Results

In this chapter, we present experimental results that
prove our proposed method and show that a graphic object
becomes the inalienable part of a natural scene. For vali-
dation of our method, we have used a breakdancing mul-
ti-view sequence provided by Microsoft Research (MSR)
as well as an aerobic multi-view sequence provided by
ETRI. MSR provides camera calibration parameters of
eight base cameras and 100 frames of video along with
depth data [9]. Similarly, ETRI provides the necessary
camera data. The number of cameras is eight and 300
frames are provided for each camera view.

The graphics objects are rendered in Open Graphics
Library (OpenGL) environment [10]. In OpenGL, a texture
image and its corresponding depth image are obtained from
the front-color and depth buffer.

Fig. 4 shows two examples of graphics composition. Fig.
4 (a) shows mixing a graphic object into one of break-
dancing images. Similar resuits of ETRI sequence are

shown in Fig. 4 (b). Srowman and hula-hoop were used

Texture image and depth

Aty

Graphic objects and depth

Composite image

((b)

Fig. 4 Composite images of (a) MSR sequence and (b) ETRI sequence
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for graphics objects, respectively.

Fig. 5 shows six composite views captured from a video
that was made from camera 4 position. The graphic object
snowman is designed in a manner that it moves around the
dancer in order to show the performance of the proposed
method and Z-keying. As we observe, our synthesized
graphic object becomes the integral part of the scene,

Fig. 5 The six successive images combined with a synthetic graphic
object snowman
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since any occlusion between graphic and real objects are
successfully resolved by our algorithm.

Fig. 6 shows the eight composite images chosen from
the ETRI frames, Fa(1), F2(20), Fx(40), Fa(60), F»(80),
F2(100), F»(120), F2(140), F»(160), and F»(180).

V. Conclusion and Future Works

In this paper we have presented multi-view video proc-
essing being composed of the synthesis of virtual inter-
mediate views, the composition of graphic objects given
multi-view sequences, and a multi-view video viewer. For
virtual images, 3-D depth and texture information of base
cameras is utilized. As well, for the accurate registration
of real scene and 3-D graphics data, the theoretical relation-
ship between them was derived. The multi-view video
viewer is designed to test the quality of output images as
well as special multi-view effects. Experimental results
have shown that our method enables to generate high-qual-
ity synthesized images using information only from two
neighboring base cameras so that graphic objects could be-
come an inalienable part of immersive scenes. Furthermore,

the occlusion between real and graphics objects is success-

Fig. 6 The eight composite images combined with a graphic object hula-hoop
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fully resolved. Our method is expected to deliver more im-
mersive and realistic multi-view contents, especially when

viewed in 3-D monitors.
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