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ABSTRACT

We present a new method for �rst person sketch-based editing of
terrain models. As in usual artistic pictures, the input sketch de-
picts complex silhouettes with cusps and T-junctions, which typi-
cally correspond to non-planar curves in 3D. After analysing depth
constraints in the sketch based on perceptual cues, our method best
matches the sketched silhouettes with silhouettes or ridges of the
input terrain. A speci�c deformation algorithm is then applied to
the terrain, enabling it to exactly match the sketch from the given
perspective view, while insuring that none of the user-de�ned sil-
houettes is hidden by another part of the terrain. As our results
show, this method enables users to easily personalize an existing
terrain, while preserving its plausibility and style.

Keywords: First person editing, terrain, sketch-based modelling,
silhouettes

Index Terms: I.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—

1 INTRODUCTION

Terrain is a key element in any outdoor environment. Applica-
tions of virtual terrain modelling are very common in movies,
video games, advertisement and simulation frameworks such as
�ight simulators. Two of the most popular terrain modelling meth-
ods are procedural [9, 20, 17, 21] and physics-based techniques
[21, 25, 4, 22, 24, 16]. The former are easy to implement and fast to
compute, while the latter produce terrains with erosion effects and
geologically sound features. However, the lack of controllability in
these methods is a limitation for artists.

Sketch-based or example-based terrains have been very popular
recently in addressing these issues [5, 28, 29, 10, 12, 27, 11]. How-
ever, many of these methods assume that the user sketch is drawn
from a top view, which makes shape control from a viewpoint of
interest very dif�cult. Others only handle a restricted category of
mountains, with �at silhouettes. Lastly, terrains fully generated
from sketches typically lack details. Dos Passos et al. [6] recently
presented a promising approach where example-based terrain mod-
elling and a �rst person point-of-view sketch are combined. How-
ever their method does not support local terrain editing and cannot
handle typical terrain silhouettes with T-junctions. Moreover, ter-
rain patches are often repeated which may spoil the plausibility of
the results from other viewpoints.
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Figure 1: A typical artist sketch (top left), is used to edit an existing
terrain (right). Results are shown on the second row from the same
two viewpoints. Note the complex silhouettes with T-junctions,
matched to features of the input terrain. The bottom image shows a
rendering of the resulting terrain, from a closer viewpoint.

In this work, we address the problem of intuitive shape control of
a terrain from a �rst person viewpoint, while generating a detailed
output, plausible from anywhere. To achieve the intuitive shape
control goal, we stick to the sketch-based approach, but allow the
user to input complex silhouettes with cusps and T-junctions, as
those typically used to represent terrains (see Figure 1). To get
plausible, detailed results from anywhere, we focus on editing an
existing terrain rather than starting from scratch. This approach
captures the coherent small details from the existing terrain, while
avoiding the patch blending and repetition problems that are typi-
cal of example-based methods. The use of an existing terrain also
enables matches of sketched silhouettes with plausible, non planar
curves on the terrain.

In practice, the user edits the input terrain by over-sketching it
from a �rst person viewpoint. The user strokes, forming a graph of
curves with T-junctions, represent the desired silhouettes for the ter-



rain. The input terrain is then deformed such that its silhouettes ex-
actly match the strokes in the current perspective view. This means
that each stroke segment is to be some silhouette of the output ter-
rain, and that no other part of the deformed terrain should hide
them. Previous sketch-based modelling methods have successfully
use feature curves to deform surfaces [26, 30]. Our work explores
the use of terrain features for sketch-based terrain editing.

First, we order the sketched strokes by inferring their relative
depth from the height of their end-points and from the T-junctions
detected in the sketch. Next, features of the input terrain such as sil-
houette edges and ridges are assigned to each stroke and extended
if necessary, to cover the length of the stroke. This assignment is
the solution of a minimization problem expressing the similarity
between a terrain feature and a stroke in the drawing plane, and the
amount of deformation caused by their matching. The selected fea-
tures then become constraints for an iterative diffusion-based ter-
rain deformation method. Our main contributions are:

� An algorithm for ordering strokes in a complex, perspective
sketch with respect to their distance from the camera.

� A method for matching terrain features with user-speci�ed sil-
houettes, drawn from a given �rst-person viewpoint.

� A deformation method for matching silhouette constraints
while preventing them from being hidden by other parts of
the terrain.

Related work is discussed in Section 2. Then we present an
overview of our solution in Section 3. This is followed by a de-
scription of stroke ordering in Section 4, generation of feature con-
straints in Section 5 and terrain deformation in Section 6. We dis-
cuss results in Section 7 before concluding.

2 RELATED WORK

Most terrain modelling systems use one or a combination of the
following: procedural terrain generation, physics-based simulation,
sketch-based or example-based methods. See [23] for a detailed
survey.

Procedural terrain modelling methods are based on the fact that
terrains are self-similar, i.e. statistically invariant under magni�ca-
tion [18]. These methods are the popular choice for landscape mod-
elling due to their easy implementation and ef�cient computation.
They mainly consist of pseudo-randomly editing height values on a
�at terrain by using either adaptive subdivision [9, 20, 17] or noise
[20, 21]. Adaptive subdivision progressively increases the level of
detail of the terrain by iteratively interpolating between neighbour-
ing points and displacing the new intermediate points by increas-
ingly smaller random values. Noise synthesis techniques are often
preferred because they offer better control. Superposing scaled-
down copies of a band-limited, stochastic noise function generates
noise-based terrains. For more information on fractal terrain gen-
eration methods, see Ebert et al. [7]. Fractal-based approaches
can generate a wide range of large terrains with unlimited level
of details. However, they are limited by the lack of user control
or non-intuitive parameter manipulation, and the absence of ero-
sion effects such as drainage patterns. To address the last issue,
fractal terrains can be improved using physics-based erosion sim-
ulation [21, 25, 4, 22, 24, 16]. Alternatively, river network gen-
eration can be incorporated in the procedural method [15, 11]. In
particular, Genevaux et al. [11] create procedural terrains from a
hydrographically and geomorphologically consistent river drainage
network, generated from a top-view sketch. However, this method
only captures terrains resulting from hydraulic erosion, and there is
no mechanism for controlling their silhouettes from a �rst person
viewpoint.

Physically-based techniques generate arti�cial terrains by sim-
ulating erosion effects over some input 3D model. Musgrave et
al. [21] present the �rst methods for thermal and hydraulic ero-
sion based on geomorphology rules. Roudier et al. [25] introduce
a hydraulic erosion simulation that uses different materials at var-
ious locations resulting in different interactions with water. Chiba
et al. [4] generate a vector �eld of water �ow that then controls
how sediment moves during erosion. This process produces hierar-
chical ridge structures and thus enhances realism. Nagashima [22]
combines thermal and �uvial erosion by using a river network pre-
generated with a 2D fractal function. Neidhold et al. [24] present
a physically correct simulation based on �uids dynamics and in-
teractive methods that enable the input of global parameters such
as rainfall or local water sources. Kristof et al. [16] propose fast
hydraulic erosion based on Smooth Particle Hydrodynamics. The
main drawback of all these methods is that they only allow indirect
user-control through trial and error, requiring a good understand-
ing of the underlying physics, time and efforts to get the expected
results.

Sketching interfaces and more generally feature-based editing
have been increasingly popular for terrain modelling. These meth-
ods can be combined with some input terrain data to generate ter-
rains with plausible details.

Cohen et al. [5] and Watanabe et al. [28] present the �rst ter-
rain modelling interfaces that take as input a 2D silhouette stroke
directly drawn on a 3D terrain model. They only handle a single
silhouette stroke, interpreted as a �at feature curve. McCrae and
Singh [19] use stroke-based input to create paths which deform ter-
rains. However user strokes are interpreted as path layouts and not
as terrain silhouettes. Multi-grid diffusion methods enable gener-
ation of terrains that simultaneously match several feature curves,
either drawn from a top view [12] or from an arbitrary viewpoint
[2]. The main limitation is that generated terrains typically lack
realistic details.

In contrast, Zhou et al. [29] use features (actually, sketch maps
painted from above) to drive patch-based terrain synthesis from real
terrain data. Closer to our concerns, Gain et al. [10] deform an
existing terrain from a set of sketched silhouettes and boundary
curves. The algorithm deforms the terrain based on the relative
distance to the feature-curves in their region of in�uence, and on
wavelet noise to add details to the silhouettes. In this work we rather
use a diffusion-based deformation method to propagate feature con-
straints, avoiding the need for boundary curves. Lastly, Tasse et al.
[27] present a distributed texture-based terrain generation method
that re-uses the same sketching interface. Unfortunately, all these
methods interpret each sketched silhouette as a planar feature curve,
which reduces the realism of the result.

Dos Passos et al. [6] propose a different approach to address
this issue. Given a set of sketched strokes drawn from a �rst per-
son point-of-view, copies of an example terrain are combined such
that the silhouettes of the resulting terrain match the strokes. This
gives a realistic, varying depth to silhouettes. To achieve this, the
algorithm assumes each stroke represents a terrain silhouette. A
stroke is matched with a portion of a silhouette, selected from a set
of silhouettes viewed from several standing viewpoints around the
example terrain. Terrain slices representing portions of matched sil-
houette are cut from the example terrain and then combined through
a weighted sum to produce a smooth terrain. A drawback of this
method is that it does not handle complex sketches with T-junctions,
which are common in landscape drawings. Moreover, the match-
ing process may select the same silhouette portions for different
strokes, thus producing unrealistic repeating patterns in the �nal re-
sult. Finally, the weighted sum function used for merging may fail
to remove the boundary seams produced by combining different
terrain slices. In this work, we address these issues by presenting a
sketch-based method that handles T-junctions in complex sketches














