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Abstract
This paper addresses the problem of remote browsing of 3D
scenes. Texture and geometry information are both avail-
able at server side in the form of scalably compressed im-
ages and depth maps. We propose a framework for the
dynamic allocation of the available transmission resources
between geometry and texture. Both the transmission of new
images and the improvement of the already transmitted ones
are taken into account. We also introduce a novel strategy
for distortion-sensitive synthesis of both geometry and ren-
dered imagery at client side.

1. Introduction
Three dimensional scenes are usually associated to a huge
amount of data and their remote visualization is a new
problem posing many challenging conceptual and prac-
tical issues. An efficient interactive system requires a
scalable compression and transmission of the data and
many approaches, based both on 3D representation and
Image-Based Rendering techniques, have been developed
[1],[2],[3]. Another important conceptual issue, studied
also in [4], is how to allocate the available transmission re-
sources between texture and geometry information.

We envisage a server and a client, connected via a ban-
dlimited channel. At the client side, a user interactively de-
termines the particular view of interest. In the proposed sys-
tem the server delivers incremental contributions from two
types of pre-existing data: 1) scalably compressed images
of the scene from a collection of pre-defined views; and 2) a
scalably compressed representation of the scene surface ge-
ometry. In [5] we developed a distortion-driven framework
to decide how to combine the information from the available
images into the view of interest exploiting the available ge-
ometry information. In this work we extend this approach
to synthesize local surface geometry from a variety of view-
dependent depth maps, thus exploiting scalable image com-
pression and distribution techniques for both texture and ge-
ometry components, treating depth maps as images. JPIP
interactive communication standard [6] may readily be ex-
ploited to implement our scene browsing paradigm. It is

worth pointing out that this system can be exploited for the
browsing of a 3D model even in a single computer, when
the model is too large to fit in memory. Section 2 describes
the synthesis of geometric information from available depth
maps. Section 3 develops the synthesis of texture informa-
tion for the final rendering. In Section 4 minimum distor-
tion criteria used for geometry and image synthesis are de-
scribed in details. Section 5 provides some experimental
results; Section 6 draws the conclusions and outlines future
research directions.

2. Synthesis of geometric information
When 3D information is acquired from the real world, usu-
ally it is not stored as a full geometry model G. Acquisitions
with passive or active devices lead to a collection of depth
maps Zi, which are subsequently aligned in order to form
the complete world description. Furthermore, each depth
map Zi is often associated to a corresponding image V i.
This is the case of stereo-systems or optical active scanners.
Of course, the complete geometry can always be obtained
by integration of available depth maps. However, shifting
our focus to depth maps, rather than on the complete geom-
etry, narrows our attention to only that part of G which is
relevant to the reconstruction at hand. This is particularly
important to the client-server problem, since we cannot af-
ford to transmit a complete geometry in the case of large,
complex scenes.

From the perspective of the rendering, in order to syn-
thesize view V ∗, all that is required is a depth map Z∗ [n],
identifying the depth of each location n in V ∗.

Of course Z∗ could be compressed at the server as an
image and then transmitted progressively to the client; the
server would have to compress a distinct depth map Z∗ for
each view the client may wish to render, thus heavily affect-
ing the size of transmitted data.

Instead, in our approach the client synthesizes the depth
map Z∗ from a collection of available depth maps, Zi1 , Zi2 ,
..., which the server has already delivered, with varying lev-
els of fidelity and relevance. This scenario is depicted in
Figure 1. The server and the client work with a collection
of source images V i and a collection of depth maps Zi,
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Figure 1: Browsing environment with a fixed set of view
images, V i, and depth maps Zi. In this example, V 0 and
Z0 share the same view point, whereas V 1 and Z1 do not.

compressed as images and transmitted incrementally. The
server must decide how to distribute its available bandwidth
between the enhancement of views V ik which are already
partially available at the client, the enhancement of exist-
ing depth maps Zij which are already partially available at
the client, the delivery of a new view, more closely aligned
with V ∗ or the delivery of a new depth map, more closely
aligned with Z∗.

Each candidate depth map Zi is transformed into a cor-
responding estimate Zi→∗ for Z∗. We write this mapping
as Zi→∗ = W(Zi). Our current practical implementation
involves building a local triangular mesh for the surface de-
scribed by Zi and then warping this mesh into view V ∗ – a
task which may be accomplished using the hardware accel-
eration features of many popular graphics cards. A depth
map can always be mapped to a triangular mesh dividing
each sample Z∗ [n] into a pair of triangles. For practical rea-
sons, a decimation of triangles is performed. Thus, Z∗ [n]
is the depth of the closest 3D point of the mesh obtained by
Zi, rendered on the sample n. Expansion or contraction in
the local affine warping operators associated with this pro-
cedure affect the way in which distortion is mapped from
subbands in the compressed Zi images into the synthesized
depth candidate, Zi→∗.

It must be noticed that each Zi provides only a part (i.e.,
what is visible from the point of view of Zi) of Zi→∗. We
denote with Oi the set of indexes k such that ni

k is observ-
able (i.e. has a valid depth value) in Zi :

Oi =
{
k | ni

k is observable in Zi
}

If we denote byR∗ =
⋃

k∈O∗ n∗k the silhouette of the object
and by Hi→∗ =

⋃
n∈O∗\Oi n∗k the part of R∗ not visible in

Zi, the holes in the output depth map can be divided into
two main categories: the pixels outside R∗ (exterior holes)
and the pixels visible in Z∗ but not in Zi (interior holes).

For each sample n in Z∗ we select a single “most appro-
priate” original depth map from which to select the depth
value. We refer to this as “stitching” writing i∗k for the
“best stitching source” for the kth sample, and constructing
the synthesized view as a patchwork of these best stitching
sources, according to

Z∗ =
∑

k∈(∪iOi)∩O∗

(
Zi∗k→∗ [nk]

)
=

∑
k∈O∗

(
Zi∗k→∗ [nk]

)
(1)

Local distortion estimates in each Zi→∗ are used to guide
the stitching procedure for Z∗. Distortion estimates and se-
lection of the stitching source are exactly the same as the
procedures described in Section 3; the only difference is that
the geometry stitching is done in the full image resolution
domain, while for image synthesis stitching is performed
in the DWT domain. The reason for this is that we need
to preserve discontinuities in Z∗, whereas these tend to be
destroyed by multi-resolution stitching.

It is worth considering explicitly how “holes” manifest
themselves in the depth synthesis problem. Each individual
depth map Zi can generally be expected to exhibit strong
discontinuities in regions of object occlusion and indeed
these discontinuities do correspond to internal holes in the
inferred depth map Zi→∗. Compression using waveform
coders such as JPEG2000 and JPEG, however, tends to pro-
duce ringing and considerable error in the vicinity of such
discontinuities. This phenomenon is illustrated schemati-
cally in Figure 2. In the figure, compressed depth maps
Z1 and Z2 are each used to construct candidates Z1→∗ and
Z2→∗ for Z∗, where Z∗ corresponds to the vertical eleva-
tion of the scene surface in this example. Evidently, Z1

should have a discontinuity at the point where the scene
surface folds back upon itself, but this discontinuity is cor-
rupted by ringing and loss of high frequency details due to
compression. As a result, it is not possible to detect the hole
H1→∗ which should appear in Z1→∗. In fact, holes in Zi→∗

are difficult if not impossible to detect, based solely upon
the information in Zi. The missing information is com-
pleted by a second map Z2, for which the inferred depth
Z2→∗ is shown as a dotted line in the figure.

Fortunately, our distortion-based stitching procedure
recognizes that Z1→∗ is subject to a great deal of distortion
due to the stretching which Z1 undergoes in the vicinity of
surface folding. To encourage this, we ensure that the dis-
tortion estimates used for each source depth map Zi have
the property that distortion is judged to be at least as large
as the local variance of that depth map, in addition to any
estimates of the underlying compression noise. The rule
serves to ensure that regions in which depth map Z1 was
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Figure 2: Illustration of the effect of discontinuities in indi-
vidual depth maps Zi on the synthesized depth candidates
Zi→∗. In the figure, the depth of interest Z∗ which we wish
to synthesize is the vertical height of the surface.

originally discontinuous will be treated with distrust, which
is then further amplified by the stretching as Z1 is mapped
to Z1→∗, encouraging the selection of the much more re-
liable candidate Z2→∗ in such regions. The final stitched
depth map can have much less uncertainty than either of
the candidates Zi→∗, taken in isolation, allowing for high
quality view synthesis via the methods of next Section.

3. Synthesis of texture information
In this section we discuss how a set of available views of
the 3D scene can be combined together to obtain the ren-
dering of an unknown view V ∗ using the geometry infor-
mation given by Z∗. For simplicity, we assume that Z∗ is
represented by a triangular mesh.

We start from the process of rendering V ∗ from a single
original view image, V i. By projecting the three dimen-
sional points on the image planes of V ∗ and V i by isometric
or perspective projection we obtain two sets of correspond-
ing triangles ({∆∗

n} and
{
∆i

n

}
). Of course not all the trian-

gles of the required view V ∗ are visible in V i. If a triangle
of V ∗ is hidden1 in V i it represent a hole in the warped im-
age. We denote with Oi the set of indexes n such that ∆i

n

is observable in V i :

Oi =
{
n | ∆i

n is observable in V i
}

Each visible triangle is then rendered by affine warping2

of ∆i
n. We write the overall piecewise affine mapping as

1Partially hidden triangles can be avoided by choosing a suitably fine
mesh

2Affine warping does not exactly reproduce the behavior of a perspec-
tive projection inside the projected triangles but this error can be rendered
arbitrarily small by reducing the size of the triangles.

V ∗ = Wi
(
V i

)
. It is important to note that Wi

n is a lin-
ear operator that defines the pixels of ∆i

n but can depend on
the entire domain of V i due to the effects of interpolation
kernels. It is also important to note that the warping proce-
dure will not fill all the pixels of the destination image. If
we denote by R∗ =

⋃
n∈O∗ ∆∗

n, the silhouette of the object
and by Hi→∗ =

⋃
n∈O∗\Oi ∆∗

n the part of R∗ not visible
in V i, the holes in the output image can be divided into two
main categories: the pixels outside R∗ (exterior holes) and
the pixels visible in V ∗ but not in V i (interior holes).

In the proposed scheme there are multiple views to be
warped and it is necessary to combine the different render-
ings together. The simplest way to combine the information
from multiple original view images consists in averaging
the renderings Wi

(
V i

)
. Unfortunately the imperfections

in the geometry description produce misalignment amongst
the separate renderings and averaging tends to blur high fre-
quency spatial features.

An alternative solution is to render each triangle from
a single original view image V i (“stitching”). Stitching
solves the blurring problem but produces visible disconti-
nuities at the boundaries between adjacent triangles taken
from different images due to misalignments and lighting is-
sues.

A possible solution to these problems consists in per-
forming stitching within a multiresolution framework, such
as the discrete wavelet transform (DWT). Such an approach
performs much more smoothing in the lower frequencies
than in the higher ones. All the images used in the pro-
posed system are also compressed in JPEG2000, which is a
based on the DWT decomposition. The procedure starts by
separately warping each source image. Each of the warped
image V i→∗ , Wi

(
V i

)
is then decomposed by a D level

DWT into a low resolution base image LLD and a collec-
tion of high-pass subbands HLi→∗

d , LHi→∗
d and HHi→∗

d , as
shown in Figure 3.

Noting that the synthesis operator S is linear, the recur-
sive synthesis procedure can be written as

LLd = S (LLd+1,0,0,0) + S (0, HLd+1, LHd+1, HHd+1)
= SL (LLd+1) + SH (HLd+1, LHd+1, HHd+1)︸ ︷︷ ︸

Rd

Here, SL and SH are the low- and high-pass portions of a
single stage of DWT synthesis, and Rd denotes the “detail”
image formed from the three high-pass subbands at decom-
position level d + 1.

Our multi-resolution stitching algorithm proceeds by
separately stitching each resolution component to form

R∗
d =

∑
n∈O∗

R
i∗n,d→∗
d

∣∣∣
∆∗

n,d

, d = 0, 1, 2, . . . , D (2)

Here ∆∗
n,d represents the support of triangle ∆∗

n, as it ap-
pears in resolution component Rd – i.e., reduced in size by
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Figure 3: Relationship between DWT subbands, resolution
components and the image which they represent, for the
case of a D = 2 level decomposition.

the factor 2d. We also note that the “best stitching source,”
i∗n,d, need not necessarily be the same in every resolution
component Rd. This is an important property, since one
source view might provide high quality details at some reso-
lutions but not at others, depending upon compression noise
and the view orientation.

Finally the DWT analysis is performed in order to recon-
struct the complete warped rendering.

4. Selection of the stitching sources
The biggest issue in such an approach is how to select from
which image every sample in every subband must be taken.
Our approach aims to minimize the distortion in the final
rendered image. The distortion can be due to many differ-
ent sources including image compression, geometry uncer-
tainty and lighting issues.

4.1 Image compression
In our images JPEG2000 compression introduces a quanti-
zation error in the DWT samples of the various subbands.
Then the error in every sample in subband b of the image V i

finds its way into subband b∗ of V i→∗ through DWT syn-
thesis, warping and further DWT analysis. The quantization
error in V i can be expressed as

δV i [n] =
∑

b

∑
k

δBi
b [k] · Sb

k [n]

Here, Bi
b is subband b from image V i, δBi

b [k] is the error in
the kth sample of this subband and Sb

k is the synthesis basis
vector for that sample. After applying the warping operator

Wi and performing DWT analysis, the quantization error in
sample p is:

δRi→∗
d [p] =

〈
Wi

(
δV i

)
, Ad

p

〉
=

∑
b

∑
k

δBi
b [k] ·

〈
Wi

(
Sb

k

)
, Ad

p

〉
(3)

where Ad
p is the analysis basis vector associated with that

sample, and 〈·, ·〉 represents the inner product between two
images. Assuming that the quantization errors in the sub-
bands are uncorrelated, the total error energy in the triangle
∆∗

n,d in resolution component Ri→∗
d is then

Di→∗
n,d =

∑
p∈∆∗

n,d

∣∣δRi→∗
d [p]

∣∣2 (4)

≈
∑

b

∑
p∈∆∗

n,d

∑
k

∣∣δBi
b [k]

∣∣2 · 〈Wi
(
Sb

k

)
, Ad

p

〉2

︸ ︷︷ ︸
Di→∗

n,b→d

The value of Di→∗
n,b→d depends most on the samples in-

side the projection of ∆i
n into subband Bi

b. A good ap-
proximation of Di→∗

n,b→d can so be obtained by considering
a uniform quantization power inside the subband. By call-
ing with Wn

b→d the average of
∑

k

〈
Wi

n

(
Sb

k

)
, Ad

p

〉2
for the

samples in the triangle we obtain3:

Di→∗
n,b→d ≈ Di

n,b ·

∣∣∣∆∗
n,d

∣∣∣∣∣∣∆i
n,b

∣∣∣ ·Wn
b→d (5)

It is important to underline that the affine operator Wi
n

stretches the synthesis basis function by an amount propor-
tional to |∆∗

n| /
∣∣∆i

n

∣∣, amplifying its energy by roughly the
same amount.

Assuming an orthonormal transform, the weights can be
expressed as:

∑
d

∑
p

〈
Wi

n

(
Sb

k

)
, Ad

p

〉2
=

∥∥Wi
n

(
Sb

k

)∥∥2
= |∆∗

n| /
∣∣∆i

n

∣∣ , ∀k

and the total distortion in the triangle as:

∑
d

Di→∗
n,d =

∑
d

∑
b

Di
n,b·

∣∣∣∆∗
n,d

∣∣∣∣∣∣∆i
n,b

∣∣∣ ·Wn
b→d =

|∆∗
n|

|∆i
n|

∑
b

Di
n,b

The total distortion in the warped triangle seems to be
roughly independent of the affine operator Wi

n, since the

3In our implementation the values of W n
b→d has been pre-computed

and stored in a lookup table
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Figure 4: Procedure for mapping both imagery and distor-
tion information from view V i to warped view V i→∗. Extra,
hypothetical resolutions are shown lightly shaded.

total distortion in the source triangle is usually proportional
to its area. However, two important elements are missing
from this picture: the first is that Wi

n isn’t a bandlimited
warping operator and when |∆∗

n| /
∣∣∆i

n

∣∣ < 1 extra super-
Nyquist spatial frequencies are suppressed by the discrete
warping operator and V i should yield less distortion power
making it more suitable to be selected as best source. The
second important oversight arises when |∆∗

n| /
∣∣∆i

n

∣∣ > 1
(V i is being expanded). In this case the high frequency
components of V ∗ at the highest resolution cannot be re-
covered at all. This represent a form of extra distortion that
can be modeled by adding subbands from a set of hypotheti-
cal resolution above the real ones (see Figure 4). Since there
is no information for these subbands, their distortions Di

n,b

are considered equal to their energies4 Ei
n,b.

The extra contribution introduced by missing subbands
grows with |∆∗

n| /
∣∣∆i

n

∣∣, thus forcing the choice of images
in which the required triangle is bigger.

In a real remote application the client should know
the localized quantized distortion in each subband of each
source image. If the image are compressed in JPEG2000 it
is possible to obtain a reasonable estimate of the distortion
(up to 3 db) directly from the received code-blocks [8].

4One way to obtain a conservative estimate for these energies is to
project each source image onto the other in turn, taking the maximum of
the energy produced by such projections.

Up to this point, for simplicity reasons, we represented
the geometry G in terms of triangular mesh elements. The
3D mesh can be directly replaced by the depth map Z∗ ob-
tained by the available depth maps Zi, as described in Sec-
tion 2. This permits to avoid the need for remeshing near
boundaries and holes, and allows stitching decisions to fol-
low meaningful scene features rather than artificial mesh
structures.

To adapt the distortion formulation to the case of depth
maps we can take the limit as triangles ∆∗

n and ∆i
n becomes

arbitrarily small.
The equations (4) and (5) can be modified in order to

obtain per-sample distortion estimates:

Di→∗
d [p] =

∑
b

Di→∗
b→d[p]

=
∑

b

Wb→d [p] ·Di
b

[(
Wi

b→d

)−1
(p)

]
(6)

Where Wb→d[p] is the warping operator corresponding to

the location of P and
(
Wi

b→d

)−1
maps locations in the des-

tination image back to corresponding location in the source
image (it will generally fall between available distortion
samples and some interpolation is required).

It is worth noting that our weighting formulation was
developed based upon the assumption that the triangular
mesh elements are large compared with the support of〈
Wi

n

(
Sb

k

)
, Ad

p

〉
– this is certainly not true in the case of

depth maps samples. The problem can be faced by apply-
ing a low-pass smoothing filter to the distortion estimates.

The warped source views V i→∗ are subject to the appear-
ance of exterior and interior “holes”. Exterior holes corre-
spond to pixel outside the silhouette of the object. Since
DWT involves overlapping basis functions and the region
of support is not limited to the silhouette, it is sufficient to
to take samples for the region outside the silhouette from
a suitable warped view. Interior holes instead occupy dif-
ferent regions in each of the V i→∗. A hole influences a
larger region, in the case of JPEG2000’s 9/7 DWT it grows
roughly as 2d. Samples which corresponding DWT basis
function overlap the interior holes should be avoided or at
least used only if no other view is available for that sample.

4.2 Depth uncertainty
Uncertainty in the surface geometry translates into uncer-
tainty in the locally affine warping operator. This, in turn,
represents a translational uncertainty, which has been stud-
ied previously in [7]. Figure 5 shows schematically how un-
certainty in depth δZ∗

n can be converted into a correspond-
ing uncertainty in position δn = n′ − n, within the warped
image V i→∗. In the figure, xn denotes the 3D point cor-
responding to location n in V ∗, with depth Z∗

n = Z∗ [n];
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used to map depth uncertainty δZ∗

n at location n in V ∗ into
displacement uncertainty δn in V i→∗.

x′n = xn + δxn identifies the true location of the observed
point, assuming a depth error of δZ∗

n. Of course, δxn and
δZ∗

n are related through

δxn = δZ∗
n/Z∗

n · (xn − c∗) ,

where we are using the notation c∗ and ci to denote the fo-
cal points associated with views V ∗ and V i. The positional
error δxn corresponds to a translational shift in view V i so
that the pixel information which should have been mapped
to location n on V ∗ was actually mapped to location n′,
based upon an assumed scene surface which passes through
xn with normal νn. In the figure, point yn denotes the cor-
responding location on this surface; its projection onto V ∗

yields the location n′n.
It can be shown that:

|δn|2 = |δZ∗
n|

2 · gi→∗
n

where the factor gi→∗
n depends upon fixed viewing param-

eters, together with the surface position xn and normal νn

seen at location n in view V ∗.
Positional uncertainty may further be converted to ampli-

tude distortion, using the method developed in [7]. Specifi-
cally, we obtain an additional contribution to the distortion
in warped resolution component Ri→∗

d , of the form

|δn|2 · 1
(2π)2

∫
Bd

ΓV i→∗ (ω) · |ω|2 · dω (7)

where Bd ⊂ [−π, π]2 is the region occupied by resolution
component Rd in the discrete space Fourier domain and
ΓV (ω) is the discrete space power density spectrum of im-
age V . Of course, the magnitude of |δn|2 varies locally, and
we are also interested in local per-sample distortion contri-
butions Di→∗

d [p]. We accommodate this by augmenting
equation (6) as follows:

Di→∗
d [p] =

∑
b

Wb→d [p] ·Di
b

[(
Wi

b→d

)−1
(p)

]
+ |δZ∗

d |
2 [p] · gi→∗

d [p] · |ωd|2 · Ei→∗
d [p] (8)

Here, |δZ∗
d |

2 [p] is obtained by reducing the resolution of
an estimated local distortion field for Z∗ [n] by the factor 2d

and applying a suitable low-pass smoothing filter. Similarly,
gi→∗

d [p] is obtained by reducing the resolution of the gi→∗
n

field by factor 2d and smoothing the result. All smoothing
filters are the same as the one used for Ei→∗

d [p], the lo-
cal average power in Ri→∗

d at location p. In equation (7),
|ω|2 serves as a frequency-dependent weighting of signal
power. In the model of equation (8), this is replaced by an
assumed “average” weight |ωd|2, for the whole of resolu-
tion component Rd. In practice, we use a simple mid-band
approximation to get

|ωd|2 =
(

3π

4
2−d

)2

A variety of other methods to select |ωd|2 may be found in
[7].

Before concluding this sub-section, we note that the true
depth map Z∗ should be discontinuous at the boundaries of
objects which occlude other objects from view V ∗. Discon-
tinuous depth cannot be accurately represented using dis-
crete samples Z∗ [n] and this problem only becomes worse
when depth information is derived from compressed data,
as discussed in Section 2. For this reason, it is reasonable to
assign a depth uncertainty power, |δZ∗

n|
2 which is at least as

large as the local variance in Z∗
n. In this way, we implicitly

distrust the accuracy of our geometric representation in the
vicinity of occluding boundaries. All things (such as source
view distortion) being equal, this encourages the selection
of views with smaller values of gi→∗

n – these are the views
which are closer to V ∗.

4.3 Illuminant uncertainty
Since our surface model does not account for the illuminant-
dependent effects of shading and reflection, we can expect
a second distortion contribution which grows with the devi-
ation between the orientation of views V ∗ and V i. Ignoring
specularity, we expect this distortion term to be proportional
to the signal power, suggesting the following augmented
version of equation (8).

Di→∗
d [p] =

∑
b

Wb→d [p] ·Di
b

[(
Wi

b→d

)−1
(p)

]
+ |δZ∗

d |
2 [p] · gi→∗

d [p] · |ωd|2 · Ei→∗
d [p]

+ γ tan
(
cos−1

〈
ei, e∗

〉)
· Ei→∗

d [p] (9)

Here, ei and e∗ are the view directions, as shown in Figure
5. In the absence of careful modeling, γ is a heuristically
assigned quantity, which determines the value we place on
illumination fidelity. Note that both of the distortion con-
tributions from geometry vary with the local power Ei→∗

d
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Figure 6: Synthesized depth map Z∗: a) from 0.4 bpp b)
from 0.05 bpp c) from 0.025 bpp depth maps

in the relevant resolution component. The first term varies
additionally with depth uncertainty, spatial frequency and
properties of the surface normal (through gi→∗

d ), whereas
the second term is affected only by the viewing angles ei

and e∗.

5. Experimental results
We used both real and synthetic models for our rendering
experiments. Real 3D models were obtained with a passive
modeling method [9]. Passive modeling procedures lead
to geometric error where texture is missing or illumination
causes artifacts (such as shadows or specular reflections).
That error is taken into account in Equation 8.

We also used synthetic models and we rendered them,
storing both the rendering and z-buffer in order to obtain
depth maps Zi associated to images V i. All Ziand V i

have been stored in a JPEG2000 file.
When rendering takes place, a new depth map Z∗ is syn-

thesized from the existing ones Zi. Quality of available
depth maps affects the quality of the reconstructed depth
map Z∗, as it is shown in Figure 6 with different bit-rates
for the available Zi. Since Z∗ takes contribution from more
depth maps, its quality is higher than the quality of Zi sin-
gularly taken.

When our distortion-based stitching procedure generates
Z∗, the distortion in every depth map is taken into ac-
count. High distortion, which leads to a relevant discrep-
ancy among depth-maps, is due to low quality compression
or a large angle between between the required depth map
Z∗ and the available map Zi as described in Section 2. In
Figure 7a) distortion is not considered, and the depth map
Zi→∗ with lowest value (i.e., closest to the viewer) is chosen
for each sample. It can be seen that small details between
hairs are missing, since depth maps with higher distortion
affect the final result. This problem is solved selecting the
source Zi upon the basis of distortion information, as shown
in Figure 7b).

Once geometry Z∗ is available, rendering of V ∗ takes

Figure 7: Goku depth map: a) obtained using the lower
depth values; b) obtained using the depth values with lower
distortion.

  

a) b) c)

d) e) f)

Figure 8: Synthesized depth map Z∗: a) from 0.4 bpp b)
from 0.05 bpp c) from 0.025 bpp depth maps Zi

place as described in Section 3. At the client side, geome-
try of Santa Claus is available with twelve photos V i at the
same bit-rate (0.4 bpp). In Figure 8a) a detail is shown, with
the result of stitching in the image domain: discontinuities
are visible. When the stitching decision is applied only on
the basis of image distortion alone (Equation 6), other arti-
facts appear: a detail of the rendering V ∗ is shown in Fig-
ure 8c) and the stitching source are shown in Figure 8b) as
patches of different colors. Artifacts are mainly due to geo-
metric error, which causes misalignment between different
patches: switching among many different sources produces
a lot of noise. When the full distortion of Equation 8 is
used, many triangles are taken from the most parallel view
(which is the most consistent) as shown in Figure 8e). The
resulting V ∗ is much nicer, as shown in Figure 8f), and it
is more similar to the original object as it appears in Figure
8d).
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a)

c)

e)

b)

d)

f)

Figure 9: Synthesized depth map Z∗: a) from 0.4 bpp b)
from 0.05 bpp c) from 0.025 bpp depth maps

If images are sent in a progressive manner, usually they
are not available at the client side with the same quality.
Images V 1′and V 2′ of the synthetic Car model are sent to
the client at low bit-rate (0.025 bpp). Figure 9a) shows the
stitching decision and Figure 9b) shows a detail of the final
rendered image V ∗. Triangles are equipartitioned between
V 1′and V 2′ since the images distortions are similar. Then,
the server sends image V 2” which is taken from the right
side of the model at a highest bit rate (0.4 bpp). As it can
be seen in 9c), more triangles are taken from V 2” since it
shows a lowest distortion. The detail of the rendering of
Figure 9d) shows a high improving in quality, since the most
of the low quality image is discarded. Finally, the server
sends image V 1” and a new stitching decision, shown in 9e)
is computed. The detail of rendering of Figure 9f) shows
high quality details all over the surface.

6. Conclusions and future research
In this paper we developed a novel approach to the inter-
active transmission and rendering of 3D scenes, that lies
between standard 3D visualization and Image-Based Ren-
dering techniques. The representation of both texture and
geometry information as a set of compressed images per-
mits to fully exploit the scalable compression features of
JPEG2000 to realize an interactive visualization system.
We also introduced a novel framework for estimating the

distortion in the rendered views and experimentally vali-
dated a client-side rendering system which aims to mini-
mize this distortion. The proposed approach permits to syn-
thesize both geometry and texture information starting from
an arbitrary set of compressed depth maps and images, and
also permits to add new views or depth information at any
time during the interactive navigation of the scene.

The next step will be the development of a server pol-
icy to decide how to distribute the available transmission
resources between the various views and geometry infor-
mation.
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