SENSITIVITY OF IMAGE-BASED AND TEXTURE-BASED MULTI-VIEW CODING
TO MODEL ACCURACY

Marcus Magnor and Bernd Girod

Computer Graphics Laboratory / Information Systems L aboratory
Stanford University

ABSTRACT

Multi-view image coding benefits from knowledge of
the depicted scene’s 3-D geometry. To exploit geometry
information for compression, two different approaches can
be distinguished. In texture-based coding, images are con-
verted to texture maps prior to compression. Inimage-based
predictive coding, geometry is used for disparity compensa-
tion and occlusion detection between images. Coding per-
formance of both approaches depends on the accuracy of
the available geometry model. In this paper, texture-based
and image-based coding are compared with regard to the
influence of geometry accuracy on coding efficiency. The
results are theoretically explained. Experiments with natu-
ral as well as synthetic image sets show that texture-based
coding is more sensitive to small geometry inaccuracies
than image-based coding. For approximate geometry mod-
els, image-based coding performs best, while texture-based
coding yields superior coding results if scene geometry is
exactly known.

1. INTRODUCTION

Simultaneous views of a scene, recorded from many differ-
ent viewpoints, constitute the basis of image-based render-
ing (IBR) techniques[1, 2, 3, 4]. Rendering quality thereby
depends on the number of scene images available. Typ-
ically, many hundreds to thousands of images are neces-
sary to obtain good rendering results. To store and trans-
mit the large amount of multi-view image data, a number
of compression schemes have been specifically developed
for IBR [5, 6, 7]. Based on dtill-image or video coding
techniques, these codecs vary in decoding complexity and
achieve compression ratios ranging from 20:1 to 2000:1.
Coding efficiency, decoding speed, and rendering qual-
ity can be increased if 3-D scene geometry information is
available[8, 9]. To exploit geometry information for multi-
view coding, two different approaches can be distinguished.
In texture-based coding, scene geometry is used to convert
images to view-dependent texture maps prior to compres-
sion [10]. Because disparity-induced differences are elim-
inated, texture maps exhibit greater inter-map correlation
than the original images. |n image-based predictive coding,
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on the other hand, the images are successively estimated,
and the prediction error is encoded [11]. With 3-D scene
geometry available, disparity compensation and occlusion
detection can be performed for prediction.

Coding efficiency of both texture-based and image-
based predictive coding depends on model accuracy [8].
This paper investigates the influence of scene geometry ac-
curacy on both approaches coding performance. In the
following, texture-based and image-based coding are out-
lined, and coding results for real-world image sets are pre-
sented. Experiments with synthetic image sets show that
while texture-based coding yields superior results for exact
geometry, image-based predictive coding is less suscepti-
ble to model inaccuracies. The results are theoretically ex-
plained by examining the approximation-induced disparity
compensation error for both coding approaches.

2. MULTI-VIEW COMPRESSION

Fig. 1 depicts the hemispherical arrangement of image
recording positions around the scene used throughout this
paper. Each multi-view image set consists of 257 calibrated
RGB-images. Real-world objects are recorded using a cam-
era on a computer-controlled lever arm and a turntable. A
volumetric reconstruction algorithm is used to obtain a 3-D
model of the scene [12]. For encoding, the reconstructed
voxel model is converted to a triangle-mesh surface repre-
sentation [10].

2.1. Image-based Predictive Coding

The predictive coding scheme outlined in the following is
adapted from the model-aided coder described in more de-
tail in [11]. First, the image closest to the pole of the hemi-
sphere in Fig. 1 and four images spaced evenly around the
equator are intra-encoded, dividing the hemisphere into 4
guadrants. The center image of each quadrant is predicted
by warping the corner images of the respective quadrant.
To do so, the geometry model is first rendered for the cen-
tral image position. Each image pixel is assigned its cor-
responding geometry triangle and relative position within
the triangle. The geometry model is then rendered for the



Fig. 1. Multi-view image recording: Image positions are
arranged on a hemisphere around the scene.

corner images. For each pixel in the center image, the corre-
sponding pixelsin the reference images are identified from
triangle index and relative position. Pixels that are not visi-
ble in areference image are automatically detected. A par-
tially occluded image region is predicted only from those
reference images that show the respective region. Because
several referenceimagesare used for prediction, the amount
of completely occluded regions is minimal, while multiple
pixel predictions are averaged. Completely occluded areas
arefilled by interpolation using a resolution pyramid of the
predicted image. After prediction, the remaining error is
DCT-encoded. Next, the images in the middle of the quad-
rant’s sides are predicted likewise using the just-encoded
center image and the two closest corner images asreference.
Each quadrant is then subdivided into four sub-quadrants
whose center and mid-side images are predicted from the
already-encoded sub-quadrant’s corner images. Quadrant
subdivision continues until all images are encoded.

As al images are predicted from previously encoded
images, amulti-level hierarchy is established among theim-
age set. The hierarchical coding order provides short pre-
diction distances while keeping the entireimage set quickly
accessible.

2.2. Texture-based Coding

The second approach to exploit 3-D scene geometry for
multi-view coding consists of converting the image set to
multiple view-dependent texture maps. The texture-based
coder implementation investigated in this paper is identi-
cal to the model-based coder described more thoroughly
in[1Q]. Intrinsically, texture-based coding can encode only
image regions within the projected model silhouette. To
convert all images to texture maps, a suitable mapping must
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Fig. 2. Texturemap generation: Model surface must be suit-
ably parameterized to be mappable onto a planar rectangle.

be found that projects model surface onto a texture plane
(Fig. 2). For objectswith sphere-like topol ogy, a contiguous
model -to-plane mapping can be derived based on octahedral
geometry [10]. To convert the imagesinto texture maps, the
geometry model is rendered, and each pixel inside the pro-
jected model silhouette is assigned its corresponding geom-
etry triangle and the relative coordinates within the trian-
gle. Triangle number and coordinates determinethe texel to
which the color value of theimage pixel is copied. By map-
ping image pixels onto the texture plane, the texture map
is only sparsely filled and must be suitably interpolated [7].
Theinterpolated texture-map array is then decomposed into
4-D subbands, and the wavel et coefficients are progressively
encoded [10].

3. EXPERIMENTAL EVALUATION

To evaluate the performance of image-based and texture-
based coding, three real-world image sets depicting stuffed
toy animals are recorded. Object geometry must be re-

Fig. 3. Synthetic image sets Sphereand Star.
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Fig. 4. Rate-distortion curves of image-based (IB) and texture-based coding (TB) for three real-world image sets, encoded
with reconstructed approximate geometry (Fig. @), and two synthetic image sets using exact geometry and deliberately ap-

proximated models (Figs. b,c).

constructed directly from the images, so the models ex-
hibit only finite precision. In addition, two synthetic image
sets are rendered using geometry models of a sphere and
a star (Fig. 3). For encoding the synthetic image sets, ex-
act 3-D geometry is available. Fig. 4 depicts rate-distortion
performance of image-based and texture-based coding for
al image sets. Reconstruction quality is measured as the
mean PSNR of all object pixels, while bit rate is expressed
in bits per object pixel (bpop). For the real-world objects
(Fig. 4a), the predictive coder yields up to 40 % better com-
pression than the texture-based coder. The synthetic image
sets (Figs. 4b,4c), however, are much more efficiently en-
coded using the texture-based coder.

To examineif the coders' different performancefor syn-
thetic and real-world images originates from inaccurate ge-
ometry, the synthetic image sets are encoded again after the
vertices of the exact geometry models have been randomly
displaced in radia direction. Figs. 4b,4c illustrate coding
performance for different mean radial deviations (MRD) of
the vertices, expressed in relation to distance from the cen-
ter. Texture-based coding performance decreases rapidly
with increasing model inaccuracy. |mage-based predictive
coding, however, is much less susceptible to approximate
scene geometry. Minute alterations of the exact geometry
are aready sufficient for texture-based coding performance
to fall below the corresponding RD-curves of the predictive
coder. The experimental results indicate that the real-world
image sets' only approximately reconstructable geometry is
responsible for their inferior texture-based coding perfor-
mance.

4. DISPARITY ANALYSIS

The observed experimental results can be theoretically un-
derstood by regarding the amount of texture mismatch and
prediction error caused by approximate scene geometry. For
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the sake of simplicity, we consider a planar object on the
floor of the hemispherical dome of image recording posi-
tions, as depicted in Fig. 5a. Let the geometry model for
the object be a parallel plane, displaced by a distance Az.
Assuming orthographic projection, Fig. 5b illustrates that
the mismatch on the surface of the geometry modd Adrg
depends on the angle o between viewing direction and the
normal of the plane:
sin «

AdTtp Az tana = Az

)

cosa’

In image-based predictive coding, reference images are
disparity-compensated to yield an estimate of the prediction
image. The displacement-induced disparity compensation
error Adyg in Fig. 5b depends also on the angular distance
0 between reference and prediction image:

sin 8
z—.
cos

Adip

A

= @)
Because of the hierarchical image coding order employed,
the prediction distance 3 is smaller or at most equal to the
viewing angle . (2) therefore yields always an equal or
smaller error than (1).

Fig. 5c depicts mean texture and disparity mismatch,
averaged over al 257 image recording positions. Plane
displacement Az is expressed in units of texel extend ds
(Fig. 5b). Image pixdl size is set equal to texel size, match-
ing image and texture resolution. With increasing plane dis-
placement, texture mismatch increases much more rapidly
than disparity compensation error. Displacing the model
plane by one pixel resultsin amean disparity compensation
error of 0.5 pixels, whereas the generated texture maps are
misaligned by morethan 1.6 texels, on average. Greater tex-
ture mismatch causes a decrease in correl ation between tex-
ture maps, deteriorating texture-based coding performance
for approximate geometry models.



Geometry-Induced Disparity Compensation Error
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Fig. 5. Multi-view coding of a planar object (Fig. a): Displacing the planeby Az (Fig. b) resultsin atexture mismatch Adrp
that depends on viewing angle «.. The disparity compensation error Adp inimage-based prediction is additionally dependent
on the angular distance between reference and prediction image 3. Averaged over all recording positions, texture mismatch
increases considerably faster with increasing plane offset than the disparity-compensation error (Fig. ).

5. SUMMARY

In this paper, the influence of model accuracy on geometry-
based coding performanceis examined. Two different cod-
ing approaches are experimentally and theoretically eval-
uated. Coding experiments with real-world and synthetic
image sets show that for approximate geometry models,
image-based predictive coding is more efficient, while
texture-based coding is superior if exact geometry is avail-
able. The results are theoretically explained by consid-
ering approximation-induced disparity compensation error
and texture mismatch. Geometry inaccuracies are shown
to have a large impact on texture generation, whereas hier-
archical image-based prediction is rather insensitive to ap-
proximate geometry.
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