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Abstract. This paper presents a simple scheme to rendering surfaces represented by a set of point samples.
Our approach uses the paradigm of surface elements (surfels) handling their 3D coordinates, normals, colors, and
textures coordinates, if available. At each point we approximate the tangent plane to the surface, and do smoothing
using texture mapping and blending, what gives it continuity appearance.
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1 Introduction conclude the paper with conclusions, limitations and future

The problem of handling 3D datasets obtained from real- works.

world objects have drawn the attention of the research com-
munity. Basically we have dense, unstructured, without 2 Related Works

connectivity points which reach to billions. The techniques Levoy and Whitted [4] in 1985 proposed the use of points
to treat these datasets have evolved specially due to researchs universal rendering primitives. The conceptual idea was
in triangle meshes, since triangles are the most popular modto have a unique element good enough to model and ren-
eling primitives. Nevertheless with the growing using of der any kind of object. The surface could be represented by
complex geometries the overhead associated with polygo-points considering it differentiable and estimating the tan-
nal meshes is reaching not admissable levels. Then othergent plane and the normal from a small neighborhood of
representations become more attractives. points. By the number of points projected to scene space

Presently there’s been a trend to use point-based reprethey estimated a coverage to the pixels using accumulated
sentations. Various representations can be turn into a pointweights.
based representation, such as parametric representations: About a decade later Grossman and Dayle [2] in 1998
polygonal meshes, splines patches, subdivision surfaces, arbnsidered object sampling from a set of orthographic views.
non-parametric ones: implicit surfaces, fractals. Others They used a hierarchy of depth buffers to determine when a
have already used point samples, as particle systems, volupixel is considered a hole or not.
metric datas in medical images, and in image-based render-  Various works have published their ideas relative to
ing. Given the simplicity of points seems natural use them point rendering and modeling. In 2000 three works grounded
to modeling and rendering. the ideas to our work in this paper.

Although lacking connectivity informations, point-based Pfister et al. [6] extended Grossman and Dayle work
representations can compensate this by spatial proximityby hierarchical level of details (LOD) control and hierar-
between the points in a sufficiently dense sample, without chical visibility culling. They proposed the paradigm of
causing lost of quality at final image. With texture mapping surface elements (surfels) to efficiently render complex ge-
application introduced by Catmull [1] we can improve the ometric objects. Surfels are primitives without explicit con-
visualization. Texture mapping attend to object fundamen- nectivity, with attributes such as depth, texture color, nor-
tal geometry, and yield better results to planar surfaces ormal, and others. The objects are sampled from three or-
slightly curved surfaces. Moreover blending operations canthogonal views and the sampling is stored in a octree. Dur-
be used to diminish discontinuities in texture mapping to ing rendering visible surfels and holes are detected, then the
overlapping surfaces. surface attributes are interpolated at the pixels which have

In this paper we present a very simple scheme to ren-samples.
dering objects directly from its point-based representation, Rusinkiewicz and Levoy [7] devised a rendering sys-
using texture mapping and blending. We discuss relatedtem called Qsplat. It allows real-time viewing of models
works in Sec. 2 and then discuss our scheme’s steps inconsisting of hundred of millions of points samples. They
Sec. 3. The applications and results are in Sec. 4, and weused a bounding sphere hierarchy for hierarchical LOD con-



trol and culling and they used splatting for surface recon- radius regarding a circular area at object-space. The surfel
struction. The splats are oriented along the view plane andsize must suffice to assure a hole free reconstruction.
rendered in a back-to-front order. In this paper we have as input a set of point samples
Schauffer and Jensen [3] used small surfels to render-with similar density over the surface. We also assume a nor-
ing point-based representations. They considered this surmal available per point, and in some cases textures coordi-
fels as tangent plane approximation. They used ray tracingnates either. We do forward mapping and texture mapping,

to interpolate per-point attributes. and regard each point as a surfel with fixed radius calculated
before sending to rendering pipeline.
3 Point Rendering We want doing a tangent plane approximation at a point

on the surface. Then we use two primitives (surfels): a sim-
ple polygon and a slightly curved surface. We can modify
the sides number if necessary.
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Figure 1: (a) sphere points. (b) surfels on the sphere. (c)
overlapping surfels.
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There are many approximations to rendering objects
from its point-based representation. We can distinguish two
different proposals: point rendering and splatting. The dif-
ference is how we interpret the rendering primitive. The
first render primitives as 0-dimensional points while splat-
ting render as planar reconstruction filters.

Most of algorithms send points directly to rendering
pipeline and calculate their contributions to the pixels (objectResearchs in computer graphic have expanded techniques
order). We have a projection from object-space to screen-to increase the realism of the generated images. One of
space (forward mapping), e.g. splatting. Conversely we them is texture mapping. It allows modify properties over
can wonder to each pixel where the object that occupy it is the surface aiming to improve its details. The mapping can
(image-order). We have a projection from screen-space tobe applied affecting attributes such as color, normal, spec-
space where the objects are defined (backward mapping)ularity, transparency, ilumination, etc. The most common
e.g. ray tracing and texture mapping for polygon rendering. use of texture is 2D mapping. A image is warped to a 3D
Many algorithms use both in different stages. surface that’s mapped to screen-space.

Point rendering needs informations about point attributes  We map to our surfels a single texture color with opac-
such as position, normal, color, texture coordinates, etc.ity fall off radially with a gaussian approximation as shown
If we have a associated area we have a surfel. We canin Figure 2.
store others attibutes to a surfel as transparence and ma-
terial properties, and the surfel area can be express by a £(i,5) = e~ ((i=z0)*+(—w0)*) /h*

Figure 2: (a) simple polygon. (b) curved surface. (c),(d)
mapped texture surfels.

3.1 Texture Mapping and Blending



(i, 7) - positon at texture color
(zo0,y0) - texture color center
h - radial falloff factor

7 =
:

Then we have transparency at the surfels border. To
handling overlapping surfels we need knowing how and
when blending either transparent or opaque objects color.
The blending will use alpha values to combine the currently @
processed color and the one previously stored at color-buffer.

The colorc at the position(z, j) in the final image Figure 4: (a) offset, away from the viewer
will be about a normalized weighted mean of contributions
from mapped texture colors. The normalization is neces- .
sary since the weights not necessarily constitute a unity par-3-3  Surfel Size
tition at screen-space, due to irregular surfels position andOur purpose is a hole free reconstruction. Then we need

the truncation of ideal alpha mask. calculate a correct size to the surfels. To do this we use a
similar idea to Qsplat. However we do not have a initial
> ciwi(z,y) mesh. Our input is a point cloud with normals. To cal-

c(z,y) = S wi(n,y) culate the surfels size we used principal component anal-

ysis (PCA) to estimate local surface properties as cited by
Gross [5]. Then taking a point clout = {p,; € RS}, its

th
¢ - ¢*" polygon color . 2
! PoYg covariance matrix' is given by

w;(z,y) - weight at positior(x, y)

T

C= . 7ijENp

wherep is the centroid of the neighboups, of p. N,, is the
index set of thé:-nearest neighbours of the sampleThen
we resolve the eigenvector problem
C-vy=X-vy 7[6{0,1,2}
We use the eigenvalues and their corresponding eigen-

@ (b) vectors to do a space partition. How the eigenvalues give a
measure to the variation of the points/N),. We take the
Figure 3: (a) without blending. (b) with blending eigenvector corresponding to the greatest eigenvalue, and

define a split plane to make a BSP-tree. Then we do a hier-
archical clustering.

AssumingAg < A1 < Ao, Ao describe the variation
along the surface normal. We define

We sort the points before render them. Because of or-
der affect smoothness and visibility at final image, due to
interaction between blending and Z-buffering.

oulp) =
3.2 Visibility T N A A
as the surface variation at poimin a neighborhood of size
n. Then we use this to locate clusters with exactly three not
collinear points. Thereby we calculate the surfel size, by a
mean of the triangles edges lengths defined by the points,
or the diameter of the circumsphere.

Rusinkiewicz and Levoy [7] proposed a multipass render-
ing in OpenGL to ensure that both occlusion and blending
happen correctly. For the first pass, we render the surfel
with a offsetz, away from the viewer. We do this only into

the depth buffer. For the second pass we turn off depth off-
set alowing depth comparison, without updating the depth
buffer and writing to color-buffer. This steps blending to-

gether all surfels within a depth ranggof the surface with ~ Seemingly the surfels size worked for all used models. We
the correct oclusion. looked for increasing the silhouette quality using the slightly

4 Applications and Results
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Figure 6: dragon (406.687 points): (a) surfel size (BSP calculation). (b) surfel size (Qsplat-calculation).

The texture mapping and multipass rendering are our bot-
tleneck even when we use Qsplat’s bounding sphere hierar-
chy. The questions relative to silhouette and optimization

to graphics data structures were left to future works, such
as graphic cards implementation.
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Figure 7: (a),(c) texture images. (b) texture-mapped sphere. (d) texture-mapped torus
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Figure 8: (a) igea (134.345 points). (b),(d),(f) blended surfels. (c) hand (327.323 points). (e€) budha (389.347 points)



