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Abstract

We present a GPU supported interactive non-
photorealistic rendering system, INSPIRE, which per-
forms feature extraction in both image space, on inter-
mediately rendered images, and object space, on mod-
els of various representations, e.g., point, polygon, or
hybrid models, without needing connectivity informa-
tion. INSPIRE obtains interactive NPR rendering with
most styles of existing NPR systems, but offers more �ex-
ibility on model representations and compromises little on
rendering speed.

1. Introduction
Recent advances in computer graphics hardware and

algorithms have introduced increasing interests in Non-
Photorealistic Rendering (NPR). NPR effects such as pen
and ink [14], painting [5], stippling [16] and charcoal draw-
ing [8] have been produced. There are two fundamental iss-
sues to address in producing NPR styles: (1) to extract fea-
ture points for placing strokes (of various styles); and (2) to
maintain frame-to-frame coherence of these feature points
during a continuous navigation. Related to the second is-
sue is the problem of maintaining stroke density. Cornish et
al. [2] summarize several commonalities in NPR techniques
for generating several highly varied artistic effects.

According to where the NPR features are extracted, NPR
methods can be categorized into object space and images
space methods. Object-space approaches for NPR are popu-
larly used in existing NPR systems. 3D features are directly
computed based on 3D geometry [6] and strokes are placed
on surfaces. This approach tends to require a well behaved
geometric representation of 3D models. Raskar and Cohen
employ a method which requires no polygon connectivity
information for displaying silhouette edges [12]. However,
inspite of using the current graphics hardware, many more
primitives than required need to be rendered. Markosian
[9] trades accuracy and details for speed by only randomly

examining a small fraction of the edges. This randomized
method cannot guarantee that all silhouettes be retrieved. To
maintain coherence, Meier [10] associates strokes with par-
ticles de�ned on the surface of the object. View-dependent
particles can be selected based on view-dependent polygon
simpli�cation [2]. Although effective NPR styles have been
achieved using object-space approaches, obtaining interac-
tive speeds for large models is often dif�cult, if not impos-
sible.

Earlier NPR systems take an image-based approach by
post-processing intermediate images. Saito et al. [13] em-
ploy G-buffers (geometric buffers) that preserve geometric
properties of objects in the scene in image space, such as
normals, depths, or object identities, for deriving image-
space information such as contour lines, which are then
combined with the conventionally rendered images. De-
caudin [3] enhances Saito’s method with an additional nor-
mal map. Nienhaus et al. [11] accelerate image space edge
�lters utilizing modern texture hardware and combine edge
features with other conventional rendering through projec-
tive texture mapping [17]. However, their 3D models have
to be rendered twice. The image-based approach is attrac-
tive because there are a wealth of image processing tools,
hence it is more �exible and robust. However, several is-
sues related to the image-based approach are unsolved. The
�rst issue is the frame-to-frame coherence � as each frame
is processed independently, some weak features (like val-
leys or ridges) in object space may not be consistently de-
tected in subsequent image frames. Then the detected image
features are combined with conventional or stylized render-
ings. The styles achieved in this approach are limited, and
the image features lack 3D continuity.

In this paper, we present an NPR system, dubbed IN-
SPIRE, that extends the image-based approach to achieve
most features of object-based NPR systems, i.e., the wide
range of styles, the frame-to-frame coherence, and the uni-
form density control of strokes. This is achieved by a num-
ber of novel strategies. Firstly, the content of intermediate



images (or G-buffers) is specially designed so that suf�-
cient geometric information is available for directing stroke
placement. The detected feature points are classi�ed into
strong and weak edge points. This allows us to place differ-
ent strokes to illustrate strong and subtle features separately.
Secondly, to ensure frame-to-frame coherence, we employ
a set of seed points on the initial object and project them to
the image space as well. These seed points serve as candi-
date locations for placing strokes so that strokes can appear
sticking to object sufaces. Thirdly, these seed points can be
further used to illustrate the tone of the surfaces based on in-
teractive lighting changes. Finally, all major operationsare
directly implemented in graphics hardware, speci�cally, the
latest vertex and pixel shaders, so that interactive NPR is
achieved.

INSPIRE hence represents an extended image-based ap-
proach that combines object space controls (i.e., seed
points) to deliver various NPR styles and coherent navi-
gation. INSPIRE promises a number of features: model
independence, stylization �exibility and ef�ciency.

1. Model independence:All the special features (silhou-
ettes, ridges, valleys) are detected on the �y from the
rendered 2D image. This makes our method indepen-
dent of object representations, e.g., polygons, points,
or hybrids [1]. Because of the model independence,
this method can be easily merged with almost any ex-
isting 3D rendering system with optimizations such as
multi-resolution and view-dependent approaches. For
the same reason, our method is suitable for generat-
ing NPR images of dynamic scenes and animation ob-
jects as no connectivity information needs to be main-
tained.

2. Stylization �exibility: Because of a range of ways of
specifying feature points and the separation of feature
point extraction and stylization, we can support vari-
ous NPR styles within the same framework.

3. Ef�ciency: Our method does not depend on the com-
plexity of a 3D scene for feature point extraction. Our
combination of image and object space techniques also
provides an opportunity to utilize hardware accelera-
tion.

The rest of the paper is organized as follows. We �rst pro-
vide an overview of our system (section 2), then discuss
about our rendering pipelines in details (section 3), espe-
cially our implementation in vertex and pixel shaders. We
present our results (section 4), and conclude with a discus-
sion and plan for future work (section 5).

2. System Overview
INSPIRE can illustrate both view independent edge fea-

tures such as ridges and valleys, and view dependent edges
such as silhouettes. INSPIRE can also illustrate tones of sur-
faces under different lighting conditions. We will �rst ex-

Figure 1. The general rendering pipeline

plain procedures of illustrating only object edge features, in
which we discuss how to maintain stroke consistency and
density uniformity during animation. Then, we will explain
the procedures for illustrating tones of shading.

The system can be divided into three steps, although 3D
models are rendered only once. The �rst step of the sys-
tem is to render 3D models. In this step, seed points, which
are pre-selected points on object, are also optionally pro-
jected. The second step is to perform image processing (i.e.,
edge �ltering) to extract edge points. Seed points and edge
points are combined to formfeature pointsin the third step
in which strokes are placed. The strokes are drawn either
as line segments, or oriented rectangles mapped with stroke
textures.

All pixels with non-zero alpha value after edge �ltering
are candidate edge points, which can be excessive; draw-
ing all of them may lead to a cluttered effect. Therefore,
in step 2, we further categorize candidate edge points into
“strong” and “weak” edge points by comparing the �ltered
alpha value with a threshold value. This classi�cation also
helps us to apply different strokes to different groups of
edge points to emphasize desirable features and achieve dif-
ferent styles. For example, strong edge points such as sil-
houettes and sharp ridges and valleys are drawn using thick
and long strokes, while weak edge points are either dis-
carded or drawn using thin and short strokes, depending on
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