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Decorating Surfaces with Bidirectional Texture Functions

Kun Zhou, Peng Du, Lifeng Wang, Yasuyuki Matsushita, Jiaoying Baining Guo, and Heung-Yeung Shum

Abstract—We present a system for decorating arbitrary sur-
faces with bidirectional texture functions (BTF). Our system
generates BTFs in two steps. First, we automatically synthesize a
BTF over the target surface from a given BTF sample. Then we
let the user interactively paint BTF patches onto the surface, sth
that the painted patches seamlessly integrate with the backgrouh
patterns. Our system is based on a patch-based texture syntie
approach known as quilting. We present a graphcut algorithm
for BTF synthesis on surfaces, and the algorithm works well for
a wide variety of BTF samples, including those which present
problems for existing algorithms. We also describe a graphcut
texture painting algorithm for creating new surface imperfections
(e.g., dirt, cracks, scratches) from existing imperfections foud
in input BTF samples. Using these algorithms we can decorate Fig. 1.  Decorating arbitrary surfaces using BTFs. Left: iesf BTF
surfaces with real-world textures that have spatially-variant re- Synthesis. Right: Result after introducing surface impeites into the
ectance, ne-scale geometry details, and surfaces imperfectits. nomogeneous BTF shown on the left.

A particularly attractive feature of BTF painting is that it allows
us to capture imperfections of real materials and paint them onto

geometry models. We demonstrate the effectiveness of our sy . . . .
with examples. The painting operation further enhances realism by intro-

ducing imperfections and other irregular features as shiown
Fig. 1 and Fig. 7. This operation is valuable because BTFs
generated by our synthesis algorithm, as well as by most
other synthesis algorithms, are homogeneous across the who
|. INTRODUCTION surface. With the painting operation, we can break this alob
Jdyemogeneity by adding irregular local features. In patéicu

surface detail without adding geometry. Texture-mappég-po V& €an capture imperfections of real_ materials and pairmthg
gons have since become the basic primitives of the stand@fe the S“ffiice’ such that the painted mperfecpons tin
graphics pipeline. Unfortunately, texture-mapped swegado seamlessly with the b_ackground pgtterns. 3D painting is a
have a distinctive look that sets them apart from realitgyth Vell-éstablished technique for creating patterns on setfa
cannot accurately respond to changes in illumination aeg-vi [13]. BTF painting extends traditional techniques in twoysia

point. Real-world surfaces often are not smooth but coverEgSt it Provides a way to achieve superior realism with BTF
with textures that arise from both spatially-variant ret@oce measured from real_m_atenals. Second, BTF pamtmg redu_ces
and ne-scale geometry details known mesostructurefl6]. the _dgm_and on grtlsuc talents and the tedium of creating
Real surfaces also exhibitmperfections e.g., dirt, cracks, realistic imperfections.
and scratches, which usually result from rather complitate There are two main challenges in developing our system.
physica| processes. Capturing these surface charamsrist First, BTF synthesis on surfaces remains hard for many BTF
a challenging goal for computer graphics. samples. The most dif cult problem is maintaining mesostru
To bring us closer to that goal, we develop a systefdres of the input BTF sample. An existing algorithm [26]
for decorating arbitrary surfaces with BTFs [6]. Our systerdddresses this problem with partial success. Howeverheynt
supports two high-level texturing operations: tiling araing-  Sizing a BTF pixel-by-pixel as in [26] leads to fundamental
ing. Given a BTF sample, the tiling operation automaticallproblems (e.g., L2-norm being a poor measure for perceptual
synthesizes a BTF that ts the target surface naturally arsmilarity [1]) in maintaining mesostructures. An altetine
seamlessly. The BTF can model spatially-variant re eceands to synthesize BTFs by copying patches of the input sample
and mesostructures. Moreover, the BTF can be measured frd., quilting [8]). Since mesostructures are copied glon
real materials. Thus the tiling operation provides a coiergn With the patches, this approach is particularly effectioe f

Index Terms— bidirectional texture function, texture synthesis,
interactive surface painting.

Texture mapping was introduced in [5] as a way to a

way to cover a surface with fairly realistic textures. maintaining mesostructures. Unfortunately, patch seatitis s
present a problem for BTFs. Although techniques exist for
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We demonstrate the effectiveness of our system with a va-
riety of examples. Note that our techniques work for ordinar
color textures, which may be regarded as BTFs with a single
viewing direction and a single lighting direction.

Il. RELATED WORK

Texture Synthesis Algorithms for synthesizing textures on
surfaces can be divided into two categories. The rst catggo
[11], [27], [29], [32], [26], [33], [34] is based on per-pikaon-
parametric sampling [9], [28]. Per-pixel sampling is sysize

ble to the problems caused by the fact that the commonly used
L2-norm is a poor measure of perceptual similarity. For this
reason algorithms in this category have dif culty maintain
texture patterns with certain types for textures [1], [134].

Fig-|_2- Ahstrari]ghtforwhard_ extenslion of graph(éu; to [25] Ilead fﬂzbomimﬁl Currently there is no general solution, but remedies exist f
quality when the synthesis results are viewed from a clostadte, as the ; ; f

results in the middle column demonstrate. These results aminebt by various _SpECI C scenarios [1]’ [34]' .

incorporating graphcut into [25], which works directly dmetoriginal input Algorithms in the second category synthesize textures by

meslh (left golurgnb tor;])- l\éoticz thedpatch IseamS- The r:ightm?tolﬂmﬂws copying patches of the input texture sample. Since texture

results produced by the GIM-based sampling approach. Thet itgxture ; ;

sample is shown in the left column (bottom). patte'rns are directly c_opled onto the target.surface., these
algorithms are not seriously affected by the issue with the
L2-norm. Earlier algorithms randomly paste patches and use

alpha-blending to hide patch seams [23], [31]. Quilting, [8]

patch seams on arbitrary_ surfa(_:e meshes. A stra_tightforwat\{ 1, [25], [21], [17] generates signi cantly better retsiby
extension of graphcut thierarchical pattern mappind25] ¢4 rely placing patches to minimize the discontinuitycss

can be used to generate texture coordinates for each tia tch seams. After placing patches, [19], [21] simply use

of the mesh. However this would lead to textures that reVedbha-blending to hide patch seams, while [8], [17] further

patch seams when viewed close up. This could be a POtenligh ance the smoothness across the seams by searching for the

problem for any attempt to apply graphcut on surfaces. O%in-cut“ seams

algorithm splves this pro_blem by densely re-sa_mpling the po; image textures, [17] recently demonstrated that agjlti
surfaces using geometry images [12]. We call this approaﬁmh graphcut produces arguably the best results on thesarg

GIM-based sampling. Speci cally, give.n an iqput mesh W@.ariety of textures. In this paper we show how to perform
create a dense mesh by densely sampling the input mesh u hcut on surfaces

multi-chart geometry images (MCGIM) [24]. The texture SynDecorating Surfaces For decorating implicit surfaces, [22]

thesi;;_ s acc]?mplishﬁd by usinfg ?]ra%hcut to gerr:eraBte EEXtg‘foposed a set of texturing operations which include tiling
coordinates or eac vertex of the dense mesh. Becausg g positioning of small images onto surfaces. [15], [10], |
texture valug is computed for each yertex of the densg me Fbsented several 3D surface painting systems. For deuprat
Fhe sy nthesized textures can b? viewed from any distangg aces with imperfections, existing techniques (ed, [BO],
just like those obtained with pixel-based algorithms (e'ag%mostlyfocus on generating synthetic surface impeit

i

[26]). Fig. 2_compare_s the results of th_e GIM-based sampl mplementary to their approaches, our techniques syinthes
approach with a straightforward extension of graphcut &j.[2 imperfections from real-world and synthetic samples.

The second challenge we face is nding a user-friendly
way to introduce irregular features into a background patte lIl. BTE SYNTHESIS
Graphcut techniques suggest a straightforward approach t

. . %Nen a meshM and input BTF sample, we rst build a
merging a foreground feature with the background pattern .
. . . - . dénse mestM4 and then synthesize a BTF value for each
i.e., we simply constrain the feature to a desired locatioth a

use graphcut to nd the merging seam. However, this approa%ﬁrtex 0fMq by quilting patches of the input sample ohy.

only supports verbatim copying @kxisting featuresTo allow )

the user to generateew featureswe formulate the constrained”- GIM-based Sampling

graphcut problem for texture and BTF painting. For texture As mentioned, it is possible to incorporate graphcut tech-
synthesis, only smoothness energy is considered for ndimgques into a synthesis algorithm that works directly on the
seams that minimize discontinuity [17]. For texture paigti original input mesh. One such algorithm is pattern mapping
both smoothness and constraint energies are used so thaf2bg which generates texture coordinates for each trauodl
user's speci cation of the new feature is incorporated itite the input mesh. Unfortunately, the synthesis results ate no
graphcut problem as constraints. Generating a new featite wdeal when viewed from a close distance, as Fig. 2 demon-
the graphcut painting algorithm is easy. The user only neestsates. With the pattern mapping approach, two adjacent
to specify the rough shape and location of the desired néslangles on the mesh may be far apart in the texture space.
feature; our system will synthesize the actual feature awe h During texture synthesis, textures on two such triangles ar
it merged seamlessly with the background pattern. matched at a xed sampling resolution (this resolution is a
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While there are still un-synthesized verticesNhy do
pick the most constrained un-synthesized vektex
build a work patchP (v) centered av
foundwork patch = FALSE
While foundwork patch== FALSE do

If P(v) lies inside a single chart
foundwork patch= TRUE
obtain the work imagé (v) from the chart
Else
parameterizé® (v) using LSCM
| If parameterizatiordistortion - thresholdTy
, ! . foundwork patch== TRUE
s 1 create the work image(v) by resamplingP (v)
Else
decrease the size &f(v)

found.cut = FALSE

T . While found.cut == FALSE do

- patch matching if (v)

- ; patch tting in P(v) using graphcut

W If the optimal seam cost is below threshdlg

e found.cut = TRUE

| |

Else
Fig. 3. Construction of a dense mesh for BTF synthesis. (a)landiexture decrease the size d{v) andP (v)
atlas. (c) and (d) Multi-chart geometry image mesh (MCGIM),chhsamples get BTF values for vertices d® (v)

a surface using a regular grid. Each mesh vertex is a grid .point _ -
Fig. 4. Pseudo-code for texture quilting on the dense mesh.

parameter of the synthesis algorithm). When synthesistsesul , , .
the most constrained, i.e., having the largest number of

are viewed at a higher resolution, the seam between the tlRo . ' :
triangles becomes noticeable. immediate vertex neighbors that are synthesized.

Our GIM-based sampling approach provides an effectiork Patch/image: To compute the next BTF patdh,, we
and general solution for applying graphcut to surfacesmrostart by building a work patci (v) centered av. We nd
the input meshM , we construct the dense medhy as an P(v) by a breadth- rst traversal startlng at The number
MCGIM [24]. The MCGIM uses a texture atlas to resampIQf Iev_els in the breadth- rst traversal is d_e ned as a user-
M and zippers chart boundaries to obtain a “watertighfUPPlied parameter called the work patch sige For a512£
mesh My. We create the texture atlas using the methotit2 MCGIM My, a typical working paich size isy = 32.
proposed in [35], which partitions a mesh into fairly largdNtuitively, we can think of the work patcR (v) as a disk of
charts and parameterizes the charts with minimized stretéRdIUSTw- _ _

Fig. 3 provides an example of MCGIM. The sampling rate From the work patcfP (v) we derive the work imagé(v)
of the MCGIM is a user-speci ed parameter. For exampld4Sing & continuous parameterization ®fv) by considering

reported in this paper, the sampling rate is eitiep£ 512 (WO cases. The rst case is simple. F(v) lies completely
or 1024£ 1024 inside a chart of the MCGIMMy, thenl (v) is simply the

The main advantage of the dense médh is the one- corresponding sub-image of the chart image and no parame-
to-one correspondence between verticedvigf and pixels in terization or resampling is necessary. Th_e second caseris mo
the texture atlas. Because of the correspondence, syzitigsi complex. If P(v) crosses chart boundaries, we parameterize
BTF values for vertices orMy is the same as that for P (V) using the least squares conformal mapping (LSCM) [18]

pixels of the charts of the texture atlas. The pixel-verteé¥"d resample the result to obtain the work imdge). To
correspondence makes it easy to atten a large patchlgf Minimize the texture distortion causeq by' LSCM we monitor
without introducing noticeable texture distortion. In fafor the area distortion by a threshdld, which is set to 4 in our
a pixel in the interior of a chart, the pixel's 2D neighborkloo CUrrént implementation. For resampling, we set the samplin
directly provides neighboring samples and a local attenin Step to the average edge length of the work patch. If a sagiplin
We will use the pixel-vertex correspondence to simultasgou POINtP IS located in a triangle with three synthesized vertices,

work on a surface patch d¥l4 and its corresponding imagethe BTF value atp is interpolated from these vertices and
and switch freely between the two. the sampling point is marked as synthesized. Othenpise

is marked as un-synthesized. This way we obtain a partially
o synthesized work imagk(v).
B. Quilting on the Dense Mesh Patch Matching: Having built the work patch and image, we
From the input of an MCGIMM4 and a BTF samplé&, can now calculate the next BTF patB using graphcut. For
the pseudo-code shown in Fig. 4 produces BTF values of gliilting with graphcut, the main tasks are patch matching
vertices ofMy. and patch tting [17]. Patch matching places a candidate
The algorithm synthesizes the surface BTF by copyimmatch (the input sample) over a target area by comparing
patches of the sample BTF. Each time, the next BTF pRich the candidate patch and the synthesized pixels in the target
to be generated is around an un-synthesized verteshich area. Patch tting applies graphcut to select a piece of the
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Fig. 6. Singular value decomposition of a BTF. (a) Two imageshaf
BTF with different viewing and lighting directions. (b) - Xd'he three most
signi cant eigen pixel appearance functions (PAF; top rcavid geometry
maps (bottom row). A 4D PAF is packed into a 2D image, in whichheac
row corresponds to the varying light direction and each rmwiicorresponds
to the varying view direction.

Fig-k5- BhTF Syﬂthesi? usingba TV\;lork_ P?tfh anlii a ;N?]rk ima@/{& (Bdiﬁ@_tﬁ Hierarchical Search: For high-quality results we only accept
‘é";’r:thepsaitzcedogntd euijsryﬁﬁés(iz)ed Si;gllslé (‘é")OKNO’::ﬁ ‘;été‘ﬁz aﬂﬁzga%er:,:w a piece selected by graphcut if the seam cost is below the
texture patch, with the graphcut seam shown in yellow. thresholdT.. If the seam cost exceedg we decrease the
work patch sizer,, by a constant factor (which is set to 0.8
for examples reported in this paper) and repeat the seareh. W
candidate patch to be the next synthesized BTF pBRichWwe decrease,, as many times as needed umntj reaches the
perform patch matching in the work imadév) using the minimum size of 4. We employ the same hierarchical search
entire patch matching method proposed in [17]. The sum-cftrategy to control the area distortion of the LSCM paramete
squared-differences (SSD) cost for the BTF is normalizeti wiization when we build the work patch. Other researchers (e.g
the area of the overlap region between the input sample &nd [R5]) used similar ideas for texture synthesis.
work image, and the patch placement with the minimal costfitandling BTF Values: The BTF is a 6D functiorf (x;v;1),
selected for patch tting. The SSD-based search is acdelérawherex = (x;y) is the texture coordinater = (; A/) and
using FFT as in [17]. I = (;A) are the lighting and viewing directions in spherical

A technical difference between our patch matching and thégordinates. For each texgl = (x;y), the BTF value is a
of [17] is that we use both translations and rotations, waere4D function discretized into a high-dimensional vectorisTh
they only use translations. The reason for this differersce iigh dimension requires careful treatment when storing 8TF
that surface quilting involves a vector eld. The vectordeis and calculating SSD costs for patch matching and tting. For
important for orienting anisotropic textures on surfaced for  ef cient storage of various BTFs including rotated copids o
BTF rendering, which requires a local frame at each surfatiée input sample and the synthesized surface BTFs, we only
point [26]. We designed a user interface to let the user §pec$tore the texture coordinates as in [26]. When necessary the
vectors at a few key faces and then interpolate these vectagdual BTF value is retrieved from the input sample using
to other faces using radial basis functions [23]. texture coordinates.

During patch matching’ we calculate an average orientationFor ef cient SSD cost calculation, we factorize the BTF as
for the work image using the vector eld on the work patcha sum of products of 2D and 4D functions using singular value
The average orientation is then used to align the input BT}ecomposition (SVD) as in [20].
sampleS for patch matching. In our system we pre-compute
72 rotated versions @& and select the best for patch matching. foGvi) % g (x)pi(v;l);

Patch Fitting: After the input sampleS is placed over the i=1

work patchl (v) by patch matching, we can easily m& whereg;(x) is called a geometry map argl(v;l) is called
onto the work patctP (v) using the correspondence betweean eigen point appearance function (PAF). Fig. 6 shows a
I (v) and P(v). Now every vertex ofP(v) covered by the SVD factorization of al28£ 128 BTF sample (the viewing
mapped and rotated input sam@egets a new BTF value, and lighting resolution isl2£ 8£ 12£ 8 ). The geometry
and every synthesized vertex Bf(v) also has an old BTF maps depend on texture coordinates only, whereas the PAF
value. Based on these old and new values, we apply graphsuta function of the viewing and lighting directions. [20]
to select a piece db by regarding vertices oP (v) as graph developed an algorithm which synthesizes a surface BTFusin
nodes and the edges Bf(v) as graph edges. The BTF valueshe corresponding geometry maps. We adopt this algorittim fo
of the selected piece are copied to the verticeR @f) if the surface quilting withn = 40 and calculate the SSD costs with
seam cost is below a prescribed threshdld Note that old low-dimensional vectors.

seams from previous graphcut steps can be accounted for thEor ordinary color textures, we store vertex colors digectl
same way as in [17]. into M4 and thus create a texture map (usually of $2@£
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Fig. 8. Graph formulation for the seam nding problem in graphtexture
painting.

Fig. 7.  Constructing a constrained quilt. (a) Input textwsample. (b)
Specifying a foreground feature (shown in white) in the inpample. (c)
User-speci ed foreground regioR (shown in white) in the output texture.

(d) A constrained quilt with patch boundaries (cut seamsjvshim yellow. of the overlapplng region, we have a user-speci ed constrai

value mg(p).
Our goal is to assign a patch lab# to every pixelp in
512 or 1024£ 1024. With this texture map, the synthesizedhe overlapping region¥ = A or B), so that the region is
surface texture can be rendered using the standard textdirdded into two parts by a seam of minimum cost (energy).
mapping pipeline. The energy we minimize is de ned as

IV. BTF PAINTING E(*3 = Edata (%3 + Esmootn (¥3:

Suppose that we are given a sample textGrewith a In general graphcut problems, the smoothness ereggyorn
foreground feature over a background pattern. Suppos¢hatmeasures the extent to which is not smooth, while the
background pattern has been synthesized onto the targat né&aia energyEqaa measures the difference betwe&nand
M. Our BTF painting system lets the user interactively syrsome known data [3]. For graphcut texture paintiBigmooth
thesize new foreground features bh by roughly specifying measures how well the patches t together along their seams,
their shapes and locations. Prior to this synthesis, wenassuvhereasE gaia = Econsraint  Measures how well the synthe-
that the user has roughly speci ed the foreground feature $ized texture satis es the user speci ed constraimy.

S. Fitting patches together while minimizinBsmootn  @long

The key ingredient of the painting system is our graphctiie seams is done the same way as graphcut texture synthesis
texture painting algorithm, which minimizes both smootse [17]. The energyEsmoon is )(39 ned as in [3]
and constraint energy to build a quilt of patches. Emoats (9 = Vo) (%: %);

A. Graphcut Texture Painting .
Fig. 7 shows the construction of a constrained qQiltWe
assume that the sample textusehas been partitioned into
two parts: the background patte8y and foreground feature

St . We also assume that the user has speci ed a foreground, ., (%:; %) = jif%,(P) i T (P)ii + Jif% (A i fs (i
regionF of the target mesM . The constrained quil)(F) is .

a quilt consisting of patches ® such thaQ(F) completely wheref A (p) andf_B (p) are pixelp's texture values for patches
coversF and each patch dD(F) is directly texture-mapped A @ndB respectively.

P
where D is the sum over all pairs of adjacent pixels in the
overlapping region. The smoothness functiQp.q) (¥%; %) is
de ned as

from a patch in the input sampt®. The constraint orQ(F ) For graphcut texture painting, we need to further satiséy th
is that F should be textured only by the foreground featurdSer-speci ed constraining. This is where graphcut texture
S painting differs from graphcut texture synthesis, whickesis

To construct the constrained qui(F) using graphcut, we Esmqoth only. Wfa incorporate the user-speci ed constraint into
encode the user-speci ed constraints @mstraint functions Auilting by making use of the ener@g(ata de ned as
We de ne a functionmg on the target mest such that 3N — ) N — 3/
mo(p) = 1 if point p belongs toF andmg(p) = 0 otherwise. Edata () = Eoconstaine (9 = Do (%);
Similarly, for every patchP of the constraint quilQ(F) we =)
de ne a functionmp such thame (p) = 1 if point p belongs where is the sum over all pixels in the overlapping region.
to the foreground feature anuhp (p) = O otherwise. With The functionDy(%) is de ned as
these functions de ned, we introduce constrained graphcut 3\ . -
which is the core part of graphcut texture painting. Do(%) = lims, (P) i Mo(P]
Constrained Graphcut. For simplicity we describe con- wherems, (p) is the constraint value of patch, at pixel p,
strained graphcut for image textures. Consider two ovpitep while mg(p) is the user-speci ed constraint value at pixel
constrained patches andB as shown in Fig. 8 (a). Each pixel We use the optimal swap move approach [3] to minimize
p of patchA has a texture valuéa (p) and a constraint value the energyE (¥j3. Fig. 8 (b) illustrates the graph construction.
ma (p). Similarly, each pixep of patchB has a texture value The nodes of the graph consist of all pixels in the overlagpin
fg (p) and a constraint valumg (p). Finally, for every pixelp region and two terminalsA and B. Each pixelp in the

p



JOURNAL OF ETEX CLASS FILES, VOL. 1, NO. 8, AUGUST 2002 6

#- Untitled - SurfaceSyn
Fie Edt View Help

DEH By @il fo 0 BREBQA N7
Colors

Backgound [N
W Lighting [

Paiam

Source: l_ b ’_
FRender_Size: ’547
Rotation: [ooo0
Resohtiors  [1.000

Gradient (" Yes & No

Divlen: " Yes & No

< >
Ready

v

Fig. 9. Our painting user interface. Input samples with sigfinperfections

are shown on the right-hand side panel. Fig. 10. Computing the constraint functiang in our painting system.

(a) Input sample. (b) Specifying a foreground feature in tmgut sample.
(c) User-speci edmg. (d) mp computed by our painting system. (e) Painting
results using a naive modi cation @fg. (f) Painting results usingip shown
overlapping region is connected to the terminalendB by in (c). Notice the broken texture patterns in the orange. 4fpRainting results
edgest) andtg, respectively. These edges are referred to 48"9™° shown in (d).

t-links (terminal links). Each pair of the adjacent pixéfs q)
in the overlapping region is connected by an edgg,) called

. - h : mo = 1 over F andmg = 0 elsewhere. Unfortunatelyng
an n-link (neighbor link). The weights of the edges are

de ned this way has an abrupt change along the boundaFy of

weight(t,ﬁ\) = Dp(A);weight(t,?) = Dy(B) and this abrupt change often leads to destroyed texturerpatt
_ in nearby areas, as illustrated in Fig. 10 (f). A naive solutio
weight(ep,q)) = Vipiq) (A B) this problem is to weakemg asmg = , overF andmg =0

ﬁlsewhere for some small. From the de nition of the data

Applying the min-cut algorithm to the constructed grap ) - )
energyE gaia , if Mo is set to a small value, Eqaa Will play

produces the minimum cost cut that separates nadeom _ . e
nodeB . As explained in [3], any cut in the graph must includé@ less n_nportant role in the total object|ye energy. Howgever
exactly onet-link for any pixel p. Thus, any cut leaves eachWhen . is small, mo ceases to be effective and background

pixel p in the overlapping region with exactly omdink, which elemgntg start to appear Iﬁ. as shown in Fig. 10 (e). Our

de nes a natural labe¥, according to the minimum cost Cutsolutlon is to expand a transition zone from the boundary of

c 1 and interpolate the values afg in the transition zone using
3 2

A tA2C linear interpolation as shown in Fig. 10 (d). The width of
% = B tE 2C the transition zone is a user-adjustable parameter. Figg)LO
p . . L

) ) shows a synthesis result with the transition zone.
The approach for handling old seams in graphcut texture|n aqdition to synthesizing new foreground features, o8 sy
synthesis also works with graphcut texture painting. tem also supports verbatim copying of the foreground featur
Quilting on Surfaces The surface quilting algorithm de- from the input sample onto the surface. This is a straightfor
scribed in Section Ill can be adopted for graphcut textuigyrq extension of the verbatim copying technique for image
pamtm_g on surfaces with modi catl_ons of the patch matchiniayires ([17] called this interactive blending and meggin
and tting steps. For patch matching, we use both the BTK yseful feature of our system is that it previews a verbatim
values and the constraint valuemy and mo values) 10 cqpying operation by directly projecting the foregroundttee
perform a joint search for optimal patch placement. Fortpatgnig the surface. Although the projected foreground fesisir

ting, we use constrained graphcut. not seamlessly merged with the background, the preview stil
provides valuable visual feedback. With our system the user
B. Painting System can slide the foreground feature on the surface to nd a ddsir

Fig. 9 exhibits a screenshot of our painting system. For ug&#Sting location since the foreground feature can be mapped

interactivity we do not render surfaces with the BTF. Indted?t0 the surface extremely quickly using the work patchgena

we display an ordinary color texture that provides a quickt the target location.

preview of the actual BTF. The color texture is obtained as

one of the BTF images (usually the one with the front parallel V. RESULTS

view and head-on lighting). BTF Synthesis Our synthesis algorithm generates good re-
Our painting system modi es the user-speci ed constrairgults on a wide variety of BTFs, including those that cannot

function my to improve the quality of the constrained quiltbe handled well by existing pixel-based BTF synthesis algo-

As mentioned, the user speci es the foreground redgioon rithms. Fig. 11 provides examples of our synthesis results.

the target surface and thus de nes the constraigtsuch that Fig. 12 (a) shows an example of a BTF that cannot be handled
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Fig. 11. BTF synthesis results for three synthetic BTF sample

Fig. 13. Tree bark generated with BTF synthesis followed By Bainting.
The input BTF sample is shown in the lower left.

Fig. 12.  Comparison of pixel-based BTF synthesis with ourttsgsis
algorithm. (a) Input sample. (b) and (d) Pixel-based sysshessult. Notic
that mesostructure of the leaves are not well maintainedn@t)e) Our resul

well with existing techniques. This BTF is measured fi
real plastic leaves. Fig. 12 (b) and (c) exhibit the synthesi
results of the pixel-based algorithm proposed by [26] and o

our algorithm respectively. Our result faithfully captarthe "9 17- Texture atlases for models used in Fig.16.

mesostructures of the original BTF, while the pixel-based

alg;'lr'llihgn(:ﬁ:igg.an off-line process that usually takes &b 0ray tracer. Acquiring these BTF samples is dif cult and time

. | o consuming. With our system, the user only has to generate
10 - 20 minutes for 428£ 128input sample (the lighting and Lo .
viewing resolution is12£ 8£ 12£ 8). The timing depends small BTF samples and can decorate arbitrarily large object

. i ic BTF hesis foll i ive BTF
on the number of charts in the MCGIM dense mésh and using automatic synthesis followed by interactive

: o painting.
the size ofM4 (512£ 512 or 1024£ 1024). The timings are . - .
measured on a PC with a Xeon 3.0 GHz processor. Texture synthesis Note that our surface quilting algorithm

oo - . S . also works well for ordinary color textures. Fig. 16 provdde
BTF Painting: ETTF pamtmg (yerb atim copying) IS an Intera}C'synthesis results for some texture samples with highlycstru
tive process. With BTF painting we can capture imperfectio

t real material d paint th . i dels. @ ured patterns, using both a pixel-based algorithm [27]@umd

0 ree:] ma erlg_?Fan ptaln d fem onto g?im_? fy mo _fhs‘ 9- gorithm. For these texture samples, the pixel-basedittigo

(a) shows a b1\ captured from a real xnitwear with a sm ways causes the texture patterns to break apart while our
imperfection. Fig. 14 (b) and (c) exhibit results generate

b BTF symivess fllued by neracive paning. Wihan /2= 170 30210 con resere e oty otwee

approach, we can generate real-world imperfections that sed in Fig. 16.

dif cult to obtain by physically-based simulation techniggs.

Note that the foreground synthesis is an off-line process ju

like the background BTF synthesis. It depends on the sizes of

the foreground areas speci ed by users. We presented a system for decorating surfaces with BTFs.
Fig. 13 and 15 provide more examples of surface decorati®his system is based on a graphcut algorithm for BTF syn-

with BTFs and imperfections. The BTF samples used in theeesis on surfaces and a graphcut texture painting algarith

examples are modelled by an artist and rendered usingOar work on BTF synthesis demonstrates that quilting BTF

VI. CONCLUSION
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Fig. 14. Decorating surfaces with BTFs measured from real niadége (a) Input BTF sample with imperfections. (b) and (c)fSces decorated with BTF

svnthesis followed by BTF painting.

Fig. 15. Surfaces decorated with BTF synthesis followed By Bainting. The input BTF sample is shown in the upper right.

patches with graphcut provides an effective way to maintais]

mesostructures, which is not possible with existing teghes.

Our graphcut texture painting algorithm allows us to intera
tively paint with BTF patches. With BTF painting we can [g]
measure surface imperfections from a real material and pain
them onto geometry models, making graphics models more,
interesting and better resemble real-world objects. lnréut
work, we are interested in improving the speed of our sytighes

algorithm.
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