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For every OFB sample within the support of the brush
the vector from that point to the brush center point is
computed. Both the normalized vector and its length,
which is used as bump depth for parallax mapping, are
stored. A user controlled scale factor allows controlling
the depth of the bumps as well as its orientation, i.e.,
whether it faces away from the surface or towards it.

9.2.2 Dynamic Brushes

Instead of using one single 2D image to texture a surface-
aligned brush, we can also loop through a stack of
images from frame to frame. Internally this stack is
realized as a 3D texture map. In this way we can realize
an animated brush and we can also simulate the stroke
that is produced by brushes of heterogeneously abrading
material, such as charcoal. Therefore, in addition to the
2D texture coordinates assigned to each vertex of the
brush surface, we simply use time or stroke length as
the third coordinate into the 3D texture. This coordinate
takes values from 1 to the number of 2D images used and
periodically repeats this sequence while painting with
the brush. To capture the behavior of the charcoal in
Figure 16, the real image of a charcoal stroke on a rough
material was scanned, cut into segments, and stacked
into a 3D texture.

Fig. 16. Four charcoal paintings with a dynamic brush on

the horse model. Underneath these images, the image of

the scanned charcoal stroke that was used to create the
dynamic brush is shown.

10 CONCLUSION AND FUTURE WORK

In this paper we have introduced the Orthogonal Frag-
ment Buffer—OFB—as a data structure for interactive
surface coloring, and we have presented a number of dif-
ferent coloring techniques based on this data structure.
Due to the efficiency and flexibility of these techniques,
they are particularly suitable for artistic 3D content

creation. The possibility to interactively add fine color
details to a given surface—independent of the surface
resolution and representation—distinguishes these tech-
niques from previous ones. As an extension, it would
be valuable to combine existing physics-based brush
models with our techniques, including particular brush
shapes and strokes as well as intuitive interfaces for
particle seeding.

The limitations of our approach are twofold: Firstly,
for models with high depth complexity it can require
significant memory to store the OFB structure. Especially
on the GPU the OFB resolution is limited due to the
available texture memory. To alleviate this problem, we
are currently looking into Direct3D 10.1 functionality
to move data directly into S3TC compressed textures.
More important is the observation that OFB structures
are typically very sparse. Therefore, we will investigate
alternative storage solutions based on adaptive texture
maps, e.g., as proposed by Kraus and Ertl [33]. Because
texture packing is very time consuming in general, we
will investigate specialized packing strategies that ex-
ploit specific properties of the OFB. One such property
is that the fill-rates of OFB layers along the sampling
directions are monotonically decreasing, i.e., if a sample
becomes empty in one layer it remains empty in all
subsequent layers.

Fig. 17. A situation where particles traced out on the

surface generate a folded brush mesh.

Secondly, we are aware that the proposed layout
of surface-aligned brushes can produce distortions and
even folds in highly curved regions (see Figure 17 for
a demonstration of this problem). Similar to comput-
ing a local parametrization by the relaxation of surface
samples as proposed by Adams et al. [5], in the future
we will investigate the use of constrained mass-spring
systems on the GPU for this purpose.

Finally, we will dedicate our research towards the
finding of a render method that directly operates on the
sample-based surface representation that is stored in an
OFB, rather than mapping the OFB as a texture onto the
polygonal surface representation. Similar to relief texture
mapping [34], the surface geometry will then be replaced
entirely by an image-based representation, i.e. the OFB,
which is used in the rendering process.

One possible solution is to perform ray-casting on the
regular 2D OFB sampling grids to determine primary-
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ray surface intersections. Since this requires to test at
every grid cell that is hit by a ray all samples within
this cell, an additional acceleration structure has to be
used. For instance, the OFB can be embedded into an
adaptive space partition, where every part contains an
OFB of only the surface part contained in this cell. In
this way, the depth complexity per OFB, and thus the
number of samples to be tested per OFB grid cell, can
be reduced significantly. Another tempting alternative to
reduce the number of ray/cell intersection tests during
OFB traversal is to use so-called safety radii, which where
introduced by Baboud et al. [35] for the efficient ray-
casting of regular height fields.

ACKNOWLEDGMENTS

The authors wish to thank Leif Kobbelt and Peter
Schroeder for providing some of the vector fields on
surfaces shown in this paper. This work was made pos-
sible in part by the NIH/NCRR Center for Integrative
Biomedical Computing, P41-RR12553-10.

REFERENCES

[1] S. Lefebvre and H. Hoppe, “Perfect spatial hashing,” ACM Trans.
Graph., vol. 25, no. 3, pp. 579–588, 2006.

[2] D. Lischinski and A. Rappoport, “Image-Based Rendering for
Non-Diffuse Synthetic Scenes,” in Proceedings, Ninth Eurographics
Workshop on Rendering, 1998, pp. 301–314.

[3] J. Shade, S. Gortler, L. wei He, and R. Szeliski, “Layered depth
images,” in Proceedings of ACM SIGGRAPH 98: Proceedings of
the 25th annual conference on Computer graphics and interactive
techniques, 1998, pp. 231–242.

[4] B. Baxter, V. Scheib, M. C. Lin, and D. Manocha, “Dab: Interac-
tive haptic painting with 3D virtual brushes,” in Proceedings of
ACM SIGGRAPH 2001: Proceedings of the 28th annual conference on
Computer graphics and interactive techniques, 2001, pp. 461–468.

[5] B. Adams, M. Wicke, P. Dutre, M. Gross, M. Pauly, and
M. Teschner, “Interactive 3D Painting on Point-Sampled Objects,”
in Proceedings of the 2004 Eurographics Symposium on Point-Based
Graphics (SPBG’04, Zurich, Switzerland, June 2–4, 2004, 2004, pp.
57–66.

[6] P. Hanrahan and P. Haeberli, “Direct WYSIWYG Painting and
Texturing on 3D Shapes,” vol. 24,4, 1990, pp. 215–223.

[7] M. Agrawala, A. C. Beers, and M. Levoy, “3D painting on
scanned surfaces,” in SI3D ’95: Proceedings of the 1995 symposium
on Interactive 3D graphics, 1995, pp. 145–ff.

[8] T. Ritschel, M. Botsch, and S. Müller, “Multiresolution GPU Mesh
Painting,” in Eurographics 2006 Short Papers, 2006, pp. 17–20.

[9] D. Johnson, T. V. T. II, M. Kaplan, D. Nelson, and E. Cohen,
“Painting textures with a haptic interface,” VR ’99: Proceedings
of the IEEE Virtual Reality 1999 Conference, vol. 00, p. 282, 1999.

[10] A. D. Gregory, S. A. Ehmann, and M. C. Lin, “inTouch: Inter-
active multiresolution modeling and 3D painting with a haptic
interface,” in VR ’00: Proceedings of the IEEE Virtual Reality 2000
Conference, 2000, p. 45.

[11] L. Kim, G. S. Sukhatme, and M. Desbrun, “Haptic editing of
decoration and material properties,” in HAPTICS ’03: Proceedings
of the 11th Symposium on Haptic Interfaces for Virtual Environment
and Teleoperator Systems (HAPTICS’03), 2003, p. 213.

[12] N. A. Carr and J. C. Hart, “Painting detail,” in SIGGRAPH ’04:
ACM SIGGRAPH 2004 Papers, 2004, pp. 845–852.

[13] T. Igarashi and D. Cosgrove, “Adaptive unwrapping for interac-
tive texture painting,” in I3D ’01: Proceedings of the 2001 symposium
on Interactive 3D graphics, 2001, pp. 209–216.

[14] M. Zwicker, M. Pauly, O. Knoll, and M. Gross, “Pointshop 3D: An
interactive system for point-based surface editing,” in Proceedings
of ACM SIGGRAPH 2002: Proceedings of the 29th annual conference
on Computer graphics and interactive techniques, 2002, pp. 322–329.

[15] D. Benson and J. Davis, “Octree textures,” ACM Trans. Graph.,
vol. 21, no. 3, pp. 785–790, 2002.

[16] D. (grue) DeBry, J. Gibbs, D. D. Petty, and N. Robins, “Painting
and rendering textures on unparameterized models,” in Pro-
ceedings of ACM SIGGRAPH 2002: Proceedings of the 29th annual
conference on Computer graphics and interactive techniques, 2002, pp.
763–768.

[17] S. Lefebvre, S. Hornus, and F. Neyret, GPUGems 2 : Programming
Techniques for High-Performance Graphics and General-Purpose Com-
putation. Addison-Wesley, 2005, ch. Octree Textures on the GPU.

[18] A. Lefohn, J. M. Kniss, R. Strzodka, S. Sengupta, and J. D. Owens,
“Glift: Generic, Efficient, Random-Access GPU Data Structures,”
ACM Transactions on Graphics, vol. 25, no. 1, pp. 60–99, Jan. 2006.

[19] T. J. Purcell, C. Donner, M. Cammarano, H. W. Jensen, and P. Han-
rahan, “Photon mapping on programmable graphics hardware,”
in Proceedings of the ACM SIGGRAPH/EUROGRAPHICS Conference
on Graphics Hardware, 2003, pp. 41–50.

[20] K. Myers and L. Bavoil, “Stencil routed A-Buffer,” in SIGGRAPH
’07: ACM SIGGRAPH 2007 sketches, 2007, p. 21.

[21] F. H. Post, B. Vrolijk, H. Hauser, R. S. Laramee, and H. Doleisch,
“Feature extraction and visualisation of flow fields,” in Eurograph-
ics 2002 State of the Art Reports, D. Fellner and R. Scopigno, Eds.,
Saarbrücken Germany, Sep. 2002, pp. 69–100.

[22] D. N. Kenwright and D. A. Lane, “Optimization of Time-
Dependent Particle Tracing Using Tetrahedral Decomposition,” in
VIS ’95: Proceedings of the 6th conference on Visualization ’95, 1995,
p. 321.

[23] D. Stalling and H.-C. Hege, “Fast and resolution independent
line integral convolution,” in Proceedings of ACM SIGGRAPH 95:
Proceedings of the 22th annual conference on Computer graphics and
interactive techniques, 1995, pp. 249–256.

[24] G. M. Nielson and I.-H. Jung, “Tools for Computing Tangent
Curves for Linearly Varying Vector Fields over Tetrahedral Do-
mains,” IEEE Transactions on Visualization and Computer Graphics,
vol. 5, no. 4, pp. 360–372, 1999.

[25] P. Kipfer, F. Reck, and G. Greiner, “Local exact particle tracing on
unstructured grids,” Computer Graphics Forum, vol. 22, no. 2, pp.
133–142, 2003.

[26] B. Cabral and L. C. Leedom, “Imaging vector fields using line
integral convolution,” in Proceedings of ACM SIGGRAPH 93: Pro-
ceedings of the 20th annual conference on Computer graphics and
interactive techniques, 1993, pp. 263–270.

[27] J. J. van Wijk, “Image based flow visualization,” in Proceedings of
ACM SIGGRAPH 2002: Proceedings of the 29th annual conference on
Computer graphics and interactive techniques, 2002, pp. 745–754.

[28] R. S. Laramee, B. Jobard, and H. Hauser, “Image space based
visualization of unsteady flow on surfaces,” in VIS ’03: Proceedings
of the 14th IEEE Visualization 2003 (VIS’03), 2003, pp. 131–138.

[29] D. Weiskopf and T. Ertl, “A hybrid physical/device-space ap-
proach for spatio-temporally coherent interactive texture advec-
tion on curved surfaces,” in GI ’04: Proceedings of the 2004 confer-
ence on Graphics interface, 2004, pp. 263–270.

[30] H. K. Pedersen, “A framework for interactive texturing on curved
surfaces,” in SIGGRAPH ’96: Proceedings of the 23rd annual confer-
ence on Computer graphics and interactive techniques, 1996, pp. 295–
302.

[31] R. Schmidt, C. Grimm, and B. Wyvill, “Interactive decal com-
positing with discrete exponential maps,” ACM Transactions on
Graphics, vol. 25, no. 3, pp. 605–613, 2006.

[32] S. F. Frisken and R. Perry, “Simple and Efficient Traversal Methods
for Quadtrees and Octrees,” Journal of Graphics Tools, vol. 7, no. 3,
pp. 1–11, 2002.

[33] M. Kraus and T. Ertl, “Adaptive texture maps,” in HWWS ’02:
Proceedings of the ACM SIGGRAPH/EUROGRAPHICS conference on
Graphics hardware, 2002, pp. 7–15.

[34] M. M. Oliveira, G. Bishop, and D. McAllister, “Relief texture map-
ping,” in SIGGRAPH ’00: Proceedings of the 27th annual conference
on Computer graphics and interactive techniques, 2000, pp. 359–368.

[35] L. Baboud and X. Décoret, “Rendering geometry with relief
textures,” in GI ’06: Proceedings of Graphics Interface 2006, 2006,
pp. 195–201.



IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS 15

Kai Bürger is a PhD student at the computer
graphics and visualization group headed by Pro-
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