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Abstract

We present a new method for rendering silhouettes of point-based models. Due to the lack of connectivity informa-
tion, most existing polygon-based silhouette generation algorithms cannot be applied to point-based models. Our
method not only bypasses this connectivity requirement, but also accommodates point-based models with sparse
non-uniform sampling and inaccurate/no normal information. Like conventional point-based rendering, we ren-
der amodel in two passes. The points are rendered as enlarged opaque disks in the rst pass to obtain a visibility
mask, while being rendered as regular size splats/disks in the second pass. In this way, edges are automatically
depicted at depth discontinuities, usually at the silhouette boundaries. The silhouette color is the disk color used
inthe rst passrendering. The silhouette thickness can be controlled by ¢ hanging the disk size difference between
two passes.

We demonstrate our method on different types of point-based models from various sources. The simplicity of our
method allowsit to be easily integrated with other rendering techniquesto cater to many applications. Our method
is capable of rendering large scenes of millions of points at interactive rates using modern graphics hardware.

Categories and Subject Descriptors (according to ACM CCS): 1.3.0 [Computer Graphics]: General

1. Introduction

Depicting view-dependent geometric features such as sil-
houettes represents the simplest form of line art. It is also
expressive and effective in conveying the essence of com-
plex geometry. Since silhouettes are view-dependent, it is
nontrivial to determine and render them at interactive rates.

Many techniques have been explored to generate silhou-
ettes for polygon models and most of them take advantage
of themodels' connectivity information. However, few have
been devel oped to render silhouettes for point-based models
dueto the lack of such information.

In this paper, we propose anew method to generate silhou-
ettes for point-based models. Our method minimally mod-
i es the conventional point-based rendering pipeline and
does not require normal information. Therefore, not only can
it be ef ciently implemented, but also can be integrated with
other existing point-based rendering techniques for achiev-
ing various additional effects.

The rest of the paper is organized as follows. We rst re-
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view prior work in this area (Section 2). We then discuss our
rendering pipeline in detail (Section 3). We present our re-
sults on different types of point-based models (Section 4),
and conclude this work (Section 5).

2. Prior Work

Point-based modeling and rendering have gained sig-
ni cant momentum in recent years. While most of
the research in this area has been focusing on im-
proving rendering ef ciency and/or visual qudity
[PZvBGOO, RLOO, RPZ02, BK03, DVS03], there have
been efforts to extract and depict features for point-based
models, paralel to the non-photorealistic rendering of
polygon models. In fact, point models obtained through
laser scanning may naturally be better rendered with certain
abstraction due to the inherent complexity, incompleteness,
and uncertainty embedded in such data. Pauly et al [PKGO03]
and Xu and Chen [XC04] have lately developed methods
for extracting and depicting geometric features from point
models. Both methods recognize and address the inherent
ambiguity of the data.

Most existing silhouette generation agorithms are based
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on polygon models. They can be mainly divided into three
categories based on where the algorithm detects and draws
the silhouettes: only object-space, only image-space, and hy-
brid. For a detailed overview of each category, readers can
refer to [IFH 03, Her99].

Most object-space algorithms rely on the connectivity in-
formation of a polygon model, hence can hardly be applied
to point-based models. However, since the silhouette detec-
tion operates on intermediate image buffers (e.g., z-buffer,
normal buffer) in image-space agorithms, they can usually
be extended to point-based models. Hybrid algorithms op-
erate in object space and render the silhouettes in image
space with the assistance of the z-buffer. These methods
rely less on the connectivity information. For example, sil-
houettes and ridges can be automatically rendered by view-
dependently modifying polygonal objects[RC99], or by pro-
cedurally introducing extra polygons along each edge during
the primitive shader stage [Ras01].

For point-models, Alexa et @ [ABCO 01] use envi-
ronment/normal mapping to generate silhouettes. This re-
quires that points have accurate normals. Other methods
have been proposed to render silhouettes for trees and smoke
[DS00, SMCO04]. Some existing polygon based silhouette
generation methods can also be extended to point-based
models. Nevertheless, our goal here is to develop a method
that can be fully integrated with the existing point-based ren-
dering pipeline without signi cant extra processing.

3. Silhouette Rendering Pipeline

Our method renders silhouettes through the conventional
two-pass rendering pipeline, which is widely employed for
generating high-quality images of point-based models. In
general, points are rendered as opaque disks to obtain a cor-
rect visibility mask in the rst pass. The points that pass the
visibility test are then rendered using splatting techniquesin
the second pass [PZvBG00, RPZ02].

The basic idea of our silhouette rendering method is to
dlightly enlarge each opaque disk inthe rst pass. Theframe
buffer rendered in the rst passis not cleared. Splatsin the
second pass are rendered as regular sizes on top of the frame
buffer. When the visibility mask is properly used, the extra
edges of the enlarged opaque disks from the rst pass will
not be overdrawn by splats from the second pass when they
are on silhouettes. Therefore, the silhouettes are automati-
cally conveyed. The silhouette color isthe disk color used in
the rst pass rendering.

It is worth noting that blending artifacts near contours
during conventional point-based rendering have been rec-
ognized by researchers in this eld [BK03]. Here we turn
such artifacts into graceful silhouette lines whose thickness
and color can be controlled. In our point-based model, only
basic information such as coordinates and size (radius) is
assumed for each point. We now summarize the two-pass
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Figure 1: Demonstration of our silhouette rendering
method. In the rst pass, the frame buffer (a) and the depth
buffer (b) are generated by rendering the points as enlarged
black opaque disks. In the second pass, the frame buffer (c)
is overlayed by the points rendered as white alpha splats.

rendering pipeline for completeness while emphasizing the
changeswe makeinit.

3.1. First Pass

Inthe rst pass, adepth buffer (visibility mask) is generated
by projecting al the points and rendering them as opaque
disks on screen. The projection size of each point is rst cal-
culated to ensure hole-free surfaces, and then enlarged for
generating silhouettes. Each point’s screen size is computed
based on its size, its distance from the viewpoint, the eld of
view, and the screen resolution. Figures 1(a) and 1(b) show
an example of the frame buffer and the corresponding visi-
bility mask after the rst pass rendering.
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3.2. Second Pass

In the second pass, the depth buffer is initialized using the
visibility mask and its updating is disabled. Each point is
rendered as an alpha splat with the regularly calculated pro-
jection size (hence smaller than its corresponding opaque
disk size). The size difference between the opaque disk ren-
dered in the rst pass and its corresponding splat here is used
to control the thickness of the silhouettes. Only pixels pass-
ing the depth test are blended with the frame buffer. It has
to be ensured that points on interior visible surfaces are not
discarded by visibility testing. Similar to conventional ap-
proaches, we achieve this by adding a small offtetevery
depth value in the depth buffer. This offset can be applied by
moving each point along its viewing direction for a certain
distance during the rst pass [RPZ02]. This operation can be
ef ciently implemented in vertex shaders.

In our method, silhouettes are generated at places where
the depth difference between two adjacent points is greater
than the offsee. Let us look at two different pointd andB
in Figure 1. As shown in Figure 1(b), poiftis at a place
with continuous depth values, while poiBtis at a place
with discontinuous depth values. During the second pass,
the extra edge of a opaque diskfais overdrawn by splats.
However, the visibility test prevents poiBfrom being over-
drawn by nearby splats, hence forming a silhouette point. (a) (b)
Figure 1(c) shows the nal image rendered after the second

pass. Note that the silhouettes are automatically conveyed. Fi9“fe _2: The Michelangelo's David mo_del rendgreq using
thick silhouettes (a) without and (b) with considering the

disk orientation.
3.3. Additional Notes

It should be noted that it is not necessary to render points
using splats in the second pass. In situations where objects
have uniformly colored interior surfaces, points can also be
rendered as opaque disks with a selected color. The render-

ing ef ciency can then be improved since no alpha blendin - .
Ing y P - P! 9 points may have a depth difference greater than the offset
is needed. However, rendering points as splats in the second L7 AR i .

e resulting in arti cial silhouette regions. A solution alle-

%ZSS ensures soft silhouette lines because of the alpha bIenOI_viating this artifact is to render points using oriented disks

if point normal is available. Individual pixel's depth within
Although we use a single color (white) for all the splats each disk is computed separately to ensure a smooth depth

in Figure 1(c), different colors may be assigned to different transition. Methods similar to [BK03] can be employed.

splats to illustrate certain color features. Figure 3(b) shows

an example of using color splats to simulate a cartoon style.

When a pointis rendered as a point sprite, all pixels within
its coverage have a constant depth value. For surfaces that
are oblique to the viewing direction, interior neighboring

Lo . 4. Results
The simplicity of our method allows it to not only be ef-

ciently implemented but also easily integrated with other We have implemented our method on the nVidia GeForce
existing point-based rendering techniques to achieve various FX 5800 Ultra graphics card with 128MB video memory.
effects. Our PC has a 2.4GHz Xeon processor, 1GB of main memory

. . . and runs Windows XP.
It is also noteworthy that we require only the coordinate

and size information for each point. Therefore, our method  We present our results for three different types of point
can be applied to most point-based models, including point data sets: conventional point-based models, outdoor scanned
clouds obtained through scanning where additional geomet- data, and point-based isosurfaces. We use the term conven-
ric information such as normals is unavailable. Nevertheless, tional point-based model in this paper to differentiate the
additional geometric information can be utilized to obtain point-based model obtained from outdoor scanning and the
more effects if they do exist. For example, shading can be point-based isosurface data of volumes. The accompanying
applied on such models as shown in Figure 4. video shows these examples in motion.
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