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Abstract

This paper presents an efficient approach for generating weathering effects with detailed appearance variations in a single
image. Previous approaches merely change chroma or reflectance of weathered objects, which is not sufficient for materials
with detailed shading and texture variations, such as growing moss and peeling plaster. Our method propagates such detailed
features via seamless patch-based synthesis driven by weathering degree distribution. Unlike previous methods, the weathering
degrees are calculated efficiently using Radial Basis Functions even for materials with wide color variations. We use graph
cut-based optimization to identify the most weathered region as a “weathering exemplar”, from which we sample weathering
patches. We demonstrate our method enables us to generate various types of detailed weathering effects interactively.

Categories and Subject Descript@scording to ACM CCS) 1.3.3 [Computer Graphics]: Picture/Image Generation—

1. Introduction

In the real world, most objects decay over time and change their
appearance according to their material properties and surrounding
environment. Such weathering effects are important factors to en-
hance realism of scenes in many applications in computer graph-
ics. Previous weathering method&/TL*06, XWT *08, EKMF11]
assume that weathered materials such as fallen leaves and stains.
merely change their colors or reflectance in dichromatic transition.
However, in the real world, there are a variety of weathered ma-
terials that exhibit transitions of not only their reflectance but also Figure 1: Weathering effects with complicated feature variations.
detailed shading or textures such as peeling plaster and growing
moss (see Figur#), to name but a few. Also, time-varying mate-
rials can have wider color distributions than dichromatic ones, just
like the example of stone with lichen in Figude

(a) Plaster peeling (b) Mossy growing

weathered regions over time. Also, our method can be easily in-
corporated in other image-based weathering simulations and image
editing tools, e.g., flow stairEKMF10], lichen growth PGA04],

In this paper, we propose a single-image weathering technique and brush painting.
th‘."’lt overcomes the gbove pr(_)blems. Instead of asgqming the weath- We demonstrate results of weathering effects produced by our
€ring process as tlme-vgrylng reflectance_transmon, we model methods including lichen growth, plaster peeling, metal rusting,
weathering as a propagation process of detailed weathering feature%nd flower bloom. We also show a result of weathering transfer

fro_m hlghl_y-weat_hered regions. We estimate weathering de_greesthat replaces weathering effects from a reference image to another.
using Radial Basis Function§RBFs) so that we can handle wide

color distributions of weathered objects, unlike existing methods.
We then extract a rectangular region with high weathering degrees2. Related work
as a “weathering exemplar” using graph cut. We sample weathering
patches from the exemplar and spread them seamlessly via global
optimization.

I'I'here have been various research efforts aimed at generating

weathering effects using physically-based simulation. These tech-

nigues create realistic weathering effects for specific scenes, such
In a simulation step, we update the weathering degree map toas flow stain DPH94, stone erosionDEJ 99], metallic patinas

control weathering effects. We assume that many types of weath-[DH96€], corrosion of metal DH96], paint peeling PPD02, dust

ering spread gradually around already-weathered regions, and thusaccumulationiiW95], and lichen growthDGA04]. However, they

we employ a simple filtering approach by default to smoothly dilate require accurate object geometry with specialized physical parame-
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(a) De-weathering (b) Input image and user inputs (c) Weathering (d) Further weathering

Figure 2: Image weathering and de-weathering using our method. Left to right: (a) a result of de-weathering; (b) the original image and
user inputs (the white/black scribbles in the red circles indicate weathered/non-weathered pixels); and (c)(d) results at different stages of
weathering. User inputs in our other results are also marked with red circles.

ters that are hard to estimate from a single image. Other techniquesgrees and appearance coherency. This algorithm can generate the
[GTR*06,LGG*07, SSR07] captured time-varying reflectance of  detail-aware weathering effects that cannot be produced by exist-
materials to produce temporal variations of appearance. Although ing approaches.

these methods can create several visually-convincing weathering
effects, they cannot be applied to materials in a single image due
to their requirement of capturing full-time appearance transition of
target materials.

Texture synthesis and completion.The steps of sampling and
pasting patches in our approach are related to texture synthesis
and image completion. A comprehensive review of these meth-
ods is out of our focus, and we only refer to several methods
In contrast to the above approaches, a variety of methods havethat have important relationships with our method. Efros and Free-
been proposed for image-based material weathering. Xue et al.man [EF01 proposed a texture synthesis technique based on stitch-
[XDR11] produced weathering effects on stones by modifying the ing of texture patches. This algorithm is improved in several di-
appearance of their geometry. Endo et BKMF10] and Bosch et rections, such as graph cut-based stitchiK§E" 03] and energy
al. [BLR*11] proposed systems for generating flow stain on objects optimization KEBK05, HZW*06]. For image completion, Wexler
based on particle simulation. These methods achieve convincing re-et al. (WSI07 and Simakove et al.§CSI0§ proposed a global
sults by limiting target materials and weathering effects. optimization-based technique that can obtain more consistent fills.
Barnes et al. accelerated these methods by a fast randomized patch
search algorithm called PatchMatcB§FG09 BSGF1Q. Darabi
et al. DSB*12] demonstrated more generalized patch-based op-

For more general modeling of weathering effects, Wang et al.
[WTL*06] presented a visual simulation method that acquires
time-varying appearance from BRDFs at various points on a single ;" 7 & h T . .
material. They construct amppearance manifoldvhich approxi- t|m|zat_|on by integrating image grad|en_ts Into th? patch repre-
mates the appearance subspace caused by weathering to compute?ntat'on' Although these methqu achieve convincing fills V\{Ith
distribution of weathering degrees and simulate the temporal vari- 9 oba:. conS|§tency,f thety hmay(;all thf? hlolesf, are t::wge agfzfilnstt
ation of material surfaces. Whereas this algorithm mainly targets sampling regions of patches. Lur syninesis of weathering eftects
3D models, Xue et al. YWT *0§] targeted to generate weathering can be broadly reg_arded as an image completion pr_oblem, where
effects in 2D images by incorporating a decomposition scheme for non-weathered regions are holes .and weathered regions are exem-
modeling reflectance variations. Bandeira and Wa@/pg] pro- plars. Due to the drawbacks mentioned above, existing techniques

posed arappearance mapwhich simplifies the appearance man- Iﬁr te)(;t_uretlsytr; thesis or |rr:ﬁge gompletlon W'I:ctfa" it we app()jly
ifold into two-dimensional feature space and dramatically reduces em directly because weathered regions are oflen sparse and non-
weathered regions are large against the weathered regions. Even

computational costs. Endo et aE{MPL1] refined results of the worse, if we extract weathered regions with a threshold, they have
appearance map by adding high-frequency components for repre- ' '
op P by g9 q Y P P many small holes with complicated boundaries, and thus cannot be

senting shading variations. These methods can generate visually-d, ! df thesis. In thi first te a hol
natural weathering effects in some specific cases where weath- Iréctly usea for synthesis. in this paper, we lirst generate a hole-

ered objects gradually undergo dichromatic color transition. Con- free weathering exemplar from the most weathered pixels. We can

sequently, these algorithms fail to change reflectance with wide ;uccessfully compute textures to cover non-weathered regions us-

color variations because chroma distribution converge into a single ing the exemplar via patch-based optimization that enables seam-

color of the most weathered point. Additionally, their methods can- Ies_s tran_sition from highly-weathered regions while maintaining
not produce complicated appearance variations (e.g., texture pat_nelghborlng-patch coherence.
terns) because they change only reflectance or add high-frequency
components for representing weathering effects. In our method, we
model reflectance with such wide color variation usitedial Ba-

sis Functionswith which we can plausibly compute the distribu- An overview of our method is illustrated in Figuand Algo-

tion of weathering degrees. Then, we propagate the appearance feadithms 1 and2. Given an input image, the user extracts target ob-
tures by sampling patches from salient weathering exemplars andjects using, e.g., GrabCURKBO04] or a general image editing tool.
pasting them on target positions based on both the weathering de+or the object region, the user specifies the most and least weath-

3. Image weathering with complicated feature variation
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(a) User input
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(b) Weathering degree map (e) Updated weathering degree map (f) Output

Figure 3: Overview of our method. (a) Given an object region of the input image, the user specifies the most weathered pixels (white) anc
least weathered pixels (black) with scribbles. (b) The weathering degree map is then computed based on Radial Basis Function interpolatior
(c) The highly-weathered region is extracted using graph cut and the weathering exemplar is generated by filling the holes. At the same time
(d) the shading map is computed. (e) When the weathering degree map is updated, (f) weathering patches sampled from the exemplar a
the shading are composed according to the degree map.

Algorithm 1 Computing weathering properties Algorithm 2 Weathering synthesis
Inputs: input imagel and the most/least weathered pix€ls Inputs: inputimage , weathering degree mdp global shading
(Option: mask that defines object regions to be weathered) S and weathered textu®
Outputs: weathering degree map, global shadingS, and Output: weathered imag¥
weathered texturg 1: D + UPDATEWEATHERINGDEGREED); // simulation or

1: o+ argminyE(a); // Eq.1 manual editing (Se@&.5

2: for each pixelp € | do 2: D' + RECTIFYWEATHERINGDEGREHD); // Sec.3.4
3:  fp < FEATUREVECTOR(Lp,ap,bp,Xp,Yp,0a,0s); 3: I’ < SYNTHESIZEWEATHEREDTEXTURE(I,D’,S Z);
4:  Dp + INTERPOLATEUSINGRBFs(fp,ficq,a); // EQ.2
5: end for
6
7
8
9

. LabelsL <« argmin E(L,D); // Eq.3 (Sec.3.3.) weathering degrees. The shading map roughly represents the sur-

: R+ FINDRECTANGLEWITHSAT(L); / Sec.3.3.1 face details (Figur&(d)). When we update the weathering degree

. T < MAKEEXEMPLARWITHHOLEFILLING (I,RL); map (Figure3(e)), the weathered object is generated by propagat-

. S« COMPUTEGLOBAL SHADING (I,D,L); // Sec.3.2 ing weathering patches sampled from the weathering exemplar via
10: Z + OPTIMIZETEXTURETILES(I,T,D,L); // Sec.3.3.2 global optimization that preserves appearance consistency, guided

by the degree map. Finally, the resultant image is obtained by com-
bining the weathering effects with the global shading (Fig{fB.

ered pixels with scribbles (Figurga)). We use these pixels as  We explain details of the processes in the following sections.
samples to construct a smooth function that interpolates the weath-
ering degree in a high-dimensional feature space. We solve the
function interpolation problem efficiently usirRpdial Basis Func-
tions (RBFs). Using the constructed nonlinear function, a weath- The function interpolation with RBFs has been used widely in
ering degree map is computed immediately (Figfe)). Then, computer graphics, such as 3D surface reconstruction from point-
the most weathered region is identified from highly-weathered pix- cloud data €BC*01], edit propagationl[JH10, and material de-

els using graph cut. The extracted region often has various holes,formation BBO*10]. In this paper, we represent distribution of
and thus the holes are completed using the existing image comple-weathering degrees as a smooth function in a high-dimensional
tion technique to obtain weathering exemplamwhich consists of feature space. This is based on an observation that weathering de-
salient features of the most weathered region (Fig(cg). At the grees are smoothly varying in feature space of both visual appear-
same time, global shading of the object is extracted based on theances and spatial locations. This approach can plausibly compute
the distribution of weathering degrees with wide color variation,

3.1. Weathering degrees based on Radial Basis Functions
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unlike the previous techniques based on the appearance manifold
[WTL*06,XWT *08] and the appearance mapW09, EKMF11],

as discussed in Sectidgh Additionally, the computational cost is |
significantly low because it depends on the number of RBFs cen- &
tered at the user-specified pixels, for which only a few dozens or
hundreds of pixels are required in our method.

To compute a weathering degree map, we first determine the co- &
efficient of each RBF. A weathering degree of each pixel is calcu-

lated as linear combination of RBFs. L@tdenote a set of pixels " i
_r2 (a) User inputs of BW09) (b) Result of BW09]

within the user-specified scribbles. We assign an BB = e
to each pixel € Q, and calculate its coefficient by solving the fol-
lowing least-squares problem:

E(@) =S (d — o(Ifi = fill)3 1
(a) i;}( J_GZQGI(P(” i) @)

wheref; = (Li/0a,a/0a,bi/0a,Xi/0s,Yi/0s) is a feature vector,
which consists of a visual feature and a spatial featires; and
b; are luminance and chroma values in Lab color space while
andy; are normalized pixel coordinatesa and os are parame- o . B o
ters for controlling effects of appearance and spatial locality. We (c) User inputs of ours (d) Result of ours

useoa = 0.2 andos = 50 based on our observation that weather- Figure 4: Comparisons of weathering degree maps BfA[0g

ing effects are distributed more widely in spatial space compared 534 our method. (a) Previous method&TL* 06, XWT* 08, BW09

to color spaceaj are unknown coefficients ard is a weather- gk \F11) only allow a single pixel for each of the least/most

ing degree in each scribble, where the least weathered pixels havgyeathered points, e.g., the least weathered point in the stone and

di = 0.01 and the most weat_he.red. pixels= 1. Slmllarly to Liet _ the most weathered point in the green lichen. Thus, (b) they fail

al. [LJH10Q, we solve the optimization problem using non-negative cjassify the white lichen as a weathered region. In contrast, (c)

least-squared H74] to compute the binding coefficien. from multiple sets of pixels, (d) our method can continuously esti-
Using the computed coefficients we calculate a weathering ~ Mate weathering degrees for both green and white lichens.

degreeDp € [0, 1] of each pixelp:

Dp= ai([[fp — fil))- @) similarly to [XWT*08, BV_VO.9]. Ir_1 gw_egthered object with com--
ie% plicated appearance variation, it is difficult to decompose intrinsic
shading of the object and detailed shading of weathering effects.
Figure4 illustrates a comparison of the weathering degree maps However, for less-weathered regions, the intrinsic shading of the
calculated using different methods. The appearance-based metho@bject seems to stem from differences of luminance components
[BWOY] succeeds in identifying the brown stone as low degrees and of pixels with the same weathering degrees. Based on this obser-
the green lichen as high degrees. However, it fails to assign high vation, we modify the shading computation XWT *08, BW09]
degrees to the white lichen because the method bases only on twdy simply sampling pixels only from less-weathered regions. We
distinct pixels specified by the user as the least/most weathered.utilize the result of binary segmentation described in Se@iGnl
Alternatively, if the user selects the most weathered pixel in the for identifying the less-weathered regions. We uniformly partition
white lichen, the green lichen will not be labeled as “weathered” weathering degrees in the less-weathered region into 20 discrete
but labeled as “non-weathered”, which is strange. In contrast, our intervals and calculate average luminance value$or each in-
method can sample multiple distinct sets of pixels and construct tervalk. Then, we divide luminanckyy" of each pixelp in inter-
a smooth function that interpolates weathering degrees in featureval k by the corresponding average luminangeto compute the
space, and therefore we can plausibly compute weathering degreeglobal shadinds, x (Figure3(d)), i.e.,Syk = ILLfQ"/uk. The remain-
of the both green and white lichen. ing highly-weathered regions keep original luminance because ap-
pearances of the regions remain unchanged during weathering sim-

ulation.
3.2. Global shading

We seek to propagate appearance features of weathering effects
using patch-based synthesis. However, directly pasting the weath-3.3. Patch-based weathering propagation

ering patches onto target positions sometimes erases the intrinsicWe enerate weathering effects by propagating weathered features
shape of the underlying object. Because the intrinsic shape appears 9 9 Y propagating

in the global shading, we can preserve the object shape by keepingm a patch basis using weathering degrees, unlike the previous meth-

the shading. Therefore, we compute global shading in advance andOOIS tha_t change only ch_roma or rgflc_ectance. As briefly (;hscussed
L In Section2, directly using the existing texture synthesis tech-
then compose it with the patches.

niques BSFG09SCSI08WSI07,DSB*12] is difficult in our case
We compute the global shading based on weathering degreesbecause weathered regions are often sparse and have small holes.
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Weathered .

Weathering exemplar

S

(a) [BSFG09 (b) [DSB*12] (c) Ours

Figure 6: Comparison of synthesis of weathering effects. (a)(b)
While existing methods generate visually-inconsistent texture, (c)
our method generates detailed weathered texture.

Fi 5 S h of heri hes. For th h (red weathering effects. Furthermore, pixels inside the holes will be un-
igure 5: Search of weathering patches. For the target patch (re changed even when weathering degrees increase significantly. To

grid), an optimal patch in weathering exemplar is computed based avoid these problems, we fill them in using PatchMaBBEG0g
on differences of colors in overlapping pixels (orange blocks) with (Figure3(c), right) '

neighboring patches (white) and constant pixels (blue blocks).

We generate such complicated weathering effects in the follow- 3.3.2. Weathering patch search via global optimization

ing processes. First, we identify the most salient weathered sam-After generating the weathering exemplar, we spread weathering
ples, calledweathering exemplarfrom highly-weathered regions  patches sampled from it to the whole region of the target object. In
using graph cut. Then, we find optimal patches of weathering via this process, we keep the pixels with label “weathered” unchanged
global energy optimization guided by weathering degrees. Finally, because they are considered as weathered completely. To synthe-
we synthesize the patches and global shading to generate weathersize texture-preserving weathering effects, we compute weathering

ing effects. We explain the details in the following sections. patches in an input imagde which are sampled from the weather-
) ing exemplarT in the following steps. First, we randomly sam-
3.3.1. Weathering exemplar ple patches from the weathering exemplar and tile them so that

In our method, the weathering exemplar is defined as a rectangularthey have overlaps with neighboring patches, similarly to the im-
region that includes the most salient weathered features. Given a@d€ quilting techniquesSF01, KEBKOS]. In our system, the width
weathering map, we first perform binary segmentation, similarly Of the overlap on one sidelg4 of the tile size. Then, we iteratively
to [BJO1, to label weathered and non-weathered regions. Based update the patches based on a global distance med@ufie. We

on our knowledge that salient weathered pixels are often located Show a schematic illustration in FiguseFor each patch (red grid)

densely in various natural images, we define a cost fundidr) in the input image, we search for optimal patches that minimize
using the weathering degreBs SSD (sum of squared differences) of colors in overlapping pixels
(orange pixels) with neighboring patches (white grid) and pixels

ElL) = %* logUp(Dp, Lp) +’r‘) q%\[}-p #LaVp(Dp,Da); () |abeled “weathered” (blue pixelsi(l, T) is defined as follows:

Up(Do.Lp) — Dp if Lp € “weathered” d(1,T) = 3 pci Mingct (KpGyat(p.d)
PP, =) = 1-Dp otherwise +(1— Kp)Gneighbol P> d)); 4)

whereLp € {"weathered”, “non-weathered”denotes binary la- where Gy is the SSDof colors of weathered pixels in patches
bels,\V is the set of pairs of neighboring pixels, ajpddenotes the (blue pixels),Gneigbor is the SSDof colors of overlapping pixels
indicator function taking 1 if the argument is true and O otherwise. with neighboring patches (orange pixel&) is a rectified weath-

Vp is a smoothness term ands a coefficient that determines the  ering degree for which the weathering degree of a “non-weathered”

relative importance of the smoothness term. We\§®p, Dq) = pixel is set asO but that of a “weathered” pixel is unchanged.
exp(—B(Dp — Dq)z/dist(p, q)), wheredist(p,q) is the Euclidean This distance measum(l,T) prioritizes the appearance similar-
distance of neighboring pixels arfiil= (2((Dp — Dq)2>)_1 is a ity in highly-weathered regions, and otherwise maintains visual

constant value, wher¢:) denotes the average, as described in coherence among neighborhoods. This optimization can generate
[RKBO4]. In our experiment) is set to20 for all the results. We a natural-looking weathered texture that satisfies not only seam-
can efficiently solve the energy minimization problem using graph less transition with the already-weathered regions but also conser-
cut. Then, we extract a rectangular that includes the most pixels vation of appearance features of the weathering exemplar. In our
labeled as “weathered” (Figui¥b), red). The size of the rectan- implementation, we apply coarse-to-fine refinement in two steps
gular is150x 150 pixels in our system. This can be computed in while changing sizes of weathering patches. We first search for the
real time using a summed area table (SAT)d84. The extracted patches usin§0 x 60 pixels for preserving global structures of the
region often has holes (Figur&c), left) that will cause noisy weathering exemplar, and then update the patches @8ing20
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Figure 7: Various objects at different stages of weathering. For each triplet of images, the left one is the input image, and the others are
weathering results.

pixels to represent more detailed features. The patch search pro-chroma channels in Lab space, respectively. Wetus®.7 for all
cess can be accelerated using PatchMaBSHG09 with a modi- results in this paper, except Figut&(b).

fication of the offset for looking up neighboring patches, i.e., from
one pixel to the overlapping tile size. In the synthesis process, we
use the minimum error boundary clEHO]] to determine the cut
between the neighboring overlapped blocks.

Figure6 shows a comparison between our weathering synthesis
and the existing method85FG09DSB* 12)]. In contrast to previ-
ous methods that generate visual inconsistency, our method creates
visually-coherent textures that preserves detailed features of weath-
ering effects.

3.4. Weathering effects rendering

3.5. Weathering simulation and editin
Using the global shading and the weathering patches in the previous ing simuiat Hing

section, the final imag¥ is generated. Leltbe the input imageZ We generate weathering effects by updating the weathering degree
be the weathered texture that is generated to cover non-weatherednap automatically or manually. For automatic update, our method
regions using weathering patches, &tk the shading map. Inthis ~ can adopt several techniques; smooth expansion of weathered re-
process, the luminance values in Lab color space are multiplied by gions by adding a smoothed degree may/09, EKMF11], overall
shading values. Here, we synthesize the weathered texture in theupdate of a weathering degree map based on the time-dependent
pixels whose weathering degreBsare more than a threshoid function [XWT*08], and the particle flow simulatiorEKMF10].
because we assume that the weathering effects start to appear ifh the particle simulation, we can easily use their technique for
regions where weathering degrees are above the certain thresholdour task by replacing the amount of flow stains to weathering de-

Following this, the final image is computed as: grees. In other words, the weathering degree of each pixel increase

, , , when particles pass through the pixel. For more free editing, we of-
lum = (D" Zium + (1 =D )liym) * S, ) fer a weathering brush that increases/decreases weathering degrees

based on distances from the center of the brush circle. We consider
lhue= D'Zhue+ (1— D lhye (6) Gaussian distribution in the circle to define the amount of change in

the pixels for each time step when the user drags a target position.

, D if D>t The users can select the editing methods of the weathering effects

D = { 0 otherwise. according to their purpose. In this paper, we use the smooth ex-

pansion method for all results except Fig@evhere we used the
wherex denotes channel-wise multiplication, the terms with sub- weathering brush for editing both weathering and de-weathering in
scriptlum denote the luminance channel and those Wwitkdenote a single object.
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Figure 9: Gradual weathering using multiple weathering exem-
plars. Left to right: an original image with user inputs that include
weathered pixels and an intermediate weathering exemplar (yellow
Figure 8: Weathering and de-weathering using our brush interface. rectangle); paint peeling; and plaster peeling.

(a) After specifying the most and least weathered pixels in an input
image, (b) the user can edit both weathering and de-weathering of
the object simultaneously.

(a) User inputs (b) De-/weathering

4. Results

We implemented our prototype system with C++, and ran the pro-
gram on a PC equipped with a 2.8 GHz CPU and 8 GB of memory.
The sizes of inputimages are about HD resolutions (e.g., FRjisre
1000x 667 pixels and Figurg is 1024x 681pixels). In our exper- »
iments, the average computation time for the weathering degrees o i g
was approximately Q.l seconds, the generation of a weathering ex- (a) Input image (b) Reference image () Weathering transfer
emplar was approximately 0.5 seconds, and search of weathering

patches was approximately 3 seconds. Note that these processekigure 10: Weathering transfer. (a) Given an input image, (b) the
are Computed once and a phase Of updating Weathering degrees axe”OW lichen of the reference image is transferred to the input im-
well as synthesizing weathering patches can be computed instantly2ge- () The green lichen is replaced by the yellow lichen.

(e.g., within 0.01 seconds for each time step).

i ; ; 4.1. Di i
Weathering and de-weathering.Figure 7 shows results of ob- IScussions

ject weathering using our method. The various types of weath- Subtle variations of weathering.Our method synthesizes weath-
ering effects are plausibly generated, such as metal rusting, paintering texture in pixels where weathering degrees are above a
peeling, lichen growing, and flower bloom. Figuitelemonstrates  threshold (Sectior8.4). In other words, the threshold determines
results of de-weathering and weathering, where bricks appear inwhen weathering effects start to appear and the effects are linearly
the weathering examples whereas plaster surfaces are recovered iglended with the original luminance or hue, as in Equations (5) and
the de-weathering example. We generate the de-weathering effectgg). A relatively-higher threshold works well for weathering effects
by simply inverting the specified weathered/non-weathered pixels. that change the texture completely (e.g., peeling and mossy grow-
Figure8is an example of weathering and de-weathering, where the ing). For more subtle weathering effects such as stains with small
user interactively edited the image using our brush interface. color variations, our method can synthesize natural results by set-
ting the threshold lower. Figurkl shows weathering effects using
different thresholds. Note that we use a fixed threshaid0.7 for

all other results in this paper because our target weathering effects

Gradual weathering with multiple weathering exemplars. Our
method can also generate gradual weathering with different effects.
Forl this, the user additionally specifies the intermediate WeatheredWith complex variations often change the texture completely, from
regions with rectangles as weathering exemplars. Then, an average,.an to fully weathered

weathering degree of each rectangular region is assigned to the cor- '

responding exemplar. When the weathering degree map is updatedRobustness against user inputsfigure 12 shows a comparison

the weathering effects are synthesized by blending two weatheredof weathering degree maps with different user inputs. Our method
textures generated from the exemplars that have nearest degrees tig often robust against the selection of most/least weathered pix-
target pixels. Note that the two nearest textures are blended linearlyels, and it achieves a plausible result with a few inputs thanks to
without using a threshold in Equatiorts) @nd 6). Figure9 shows our RBF-based interpolation in the high-dimensional feature space.
the result of the gradual weathering with two exemplars. In this Even if user inputs affect weathering degree maps sensitively, users
case, the paint of the wall first peels and then the plaster peels.  can try again easily thanks to the simple user inputs and fast feed-

. . . back to obtain a desirable result.
Weathering transfer. We can easily apply weathering transfer by

replacing the weathering exemplar with a different exemplar of a Comparisons.Figure 13 shows comparisons with existing meth-
reference image. This can be done with simple user inputs, i.e., ods BWO09, EKMF11]. The existing techniques generate visually-
the user specifies the least/most weathered pixels with scribbles inunnatural results because chroma of the each object converges into
the reference image. Figufe® illustrates the result of weathering  a single color such as the originally-brown wall. Additionally, de-
transfer. The green moss is replaced with yellow lichen naturally. tailed features of the weathered regions (e.g., brick patterns or
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©)

O

(a) User inputs (b)T=0.1 (c)t=07

Figure 11: Weathering synthesis using different threshalitsEqgs.

(5) and ). (a) an input image and user inputs; (b) result with  Figure 12: Comparison of weathering degree maps with differ-

thresholdt = 0.1; (c) result with threshold = 0.7. ent user inputs. The upper row shows user inputs and the lower
shows resultant weathering degree maps. Our method is often ro-

o . bust against the selection of most/least weathered pixels.
creeping ivy) are lost. In contrast, our method generates plausi-
ble weathenng effects that preserve such detailed features of theAcknowIedgements
weathered regions.
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effects will be inconsistent. In this case, we should make an ex-

emplar using another image based on the weathering transfer techRReferences

nique described above. Second, although we demonstrate severgBB0O+*10] BIcKkEL B., BACHERM., OTADUY M. A., LEEH. R., Pris-

de-weathering results, it remains a challenging problem in case that TERH., GROSsM., MATUsIk W.: Design and fabrication of materials

appearance of an object surface drastically changes by weathering "G"'g:o\?:eﬁrgd gefzcc')riréatéon behavigkCM Trans. on Graphics (Proc. SIG-

effects (Figureld). In such case, it is difficult to reconstruct the )293( ): ' '

original shape of the object after removing the weathering effects. [BJbOollndgnyg?Zg%r’m i‘;;gemé‘t%;‘ o'f”gg%%tt"s’?ngr:aghm?;smrgggga'
. . . u i i j inn-di - -

We also consider that the co'mputatl'on of global shading should be ings of ICCV(2001), vol. 1, pp. 105-11%

improved to handle more various objects that have complex shapes .

Finally, our method currently does not account for the perspective [BLR*11] BOSCHC., LAFFONT P.-Y,, RUSHMEIER H., DORSEY J.,

. y ; y . . persp DRETTAKIS G.: Image-guided weathering: A new approach applied to
distortion of weathering effects, which we will be able to handle by fiow phenomenaACM Trans. Graph. 308 (2011), 20:1-20:1%2

adding some annotations, e.g., control meshes. [BSFG09] BARNESC., SHECHTMAN E., ANKELSTEIN A., GOLDMAN

D. B.: PatchMatch: A randomized correspondence algorithm for struc-

tural image editing. ACM Trans. Graph. (Proc. of SIGGRAPH) ,28
5. Conclusion and future work (aug 2009), 24:1-24:1P, 4, 5,6

[BSGF10] BARNES C., SHECHTMAN E., GOLDMAN D. B., FINKEL-

In this paper, we have presented an image-based weathering tech- steiv A.: The generalized patchmatch correspondence algorithm. In
nique for generating weathering effects with complicated feature  Proceedings of ECCV 2048erlin, Heidelberg, 2010), Springer-Verlag,
variation. Our method propagates the detailed features via patch- PP-29-432
based global optimization guided by a weathering degree map. The[BW09] BANDEIRA D., WALTER M.: Synthesis and transfer of time-
weathering degree map is calculated using Radial Basis Functions Variant material appearance on images.Phoceedings of IEEE Com-
for handling materials with wide color variations, unlike previous gu;eg%ragphms and Image Processing (SIBGRARD09), pp. 32-39.
methods. For generating visually-natural weathering effects, we " " "

) . . . : _[CBC*01] CARR J. C., BEATSONR. K., CHERRIE J. B., MITCHELL
first create a weathering exemplar including salient weathered fea-"" 1~ ;" "o © - W R McCaLLum B. C.. Bvans T. R.: Reconstruc-

tures using graph cut, and then synthesize the patches sampled from  tjon and representation of 3d objects with radial basis functionBron
it while preserving coherency. We have demonstrated our method ceedings of SIGGRAPH 'QR001), pp. 67-763

generates various types of detailed weathering effects interactively.;crog4] CrowF. C.: Summed-area tables for texture mappingPiio-

. . _ ceedings of SIGGRAPH '4984), pp. 207-212%5
In future work, we would like to improve the weathering exem-
t [DEJ*99] DORSEY J., EDELMAN A., JENSEN H. W., LEGAKIS J.,

plar by sampling patches not only from a rectangular reg'on bu PEDERSENH. K.: Modeling and rendering of weathered stonePin-
also from the whole weathered region to account for a wider va- ceedings of SIGGRAPH '92999), pp. 225-2341
riety of weathering features, which will also suppress repetitions [DGAO4] DESBENOITB., GALIN E., AKKOUCHE S.: Simulating and

of similar image patches. Additionally, we would like to automati- modeling lichen growthComputer Graphics Forum 23 (2004), 341—
cally extract multiple exemplars that can represent gradual weath- 350.1

ered stages and construct layered structure of different weatheringipHgs] DorsevJ., HaNRAHANY P.: Modeling and rendering of metal-

texture, similarly to the layer-based texture synthesis technigjue [ lic patinas. InProceedings of SIGGRAPH 1998996), pp. 387-3961
for richer representation of the weathering process and evolution of [ppH96] DorsEy J., FEDERSEN H. K., HANRAHAN P.: Flow and
boundaries between the weathered and non-weathered regions. changes in appearance Rroceedings of the 23rd Annual Conference on

submitted to EUROGRAPHICS 2016.



lizuka et al. / Single Image Weathering via Exemplar Propagation 9

(é) U;er inputs (b) V[BWOQ]

(c) [EKMFll] (d)dOurs

Figure 13: Comparisons of image weathering. (a) Given inputimages and user inputs, (b)(c) the existing methods generate unnatural results
where each chroma of the objects converges into a single chroma and the detailed features such as texture patterns are lost. In contrast, («
our method generates plausible weathering effects that preserve detailed features of the weathered regions.
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