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limited because of the lack of formally debned operations. We
present surface normal operations built on two key ingredients.

First, a separation of models in two levels, while the base
surface is represented by positions in a mesh, the details
are only represented through normals in a parametric space.

We edit the detail normals, while the base surface remains
unchanged. In this way, we do not require a reconstruction step.
Second, our editing operations are performed in an orthogonal

projection. Besides being more intuitive for the user, normals

in this mapping are in fact an RGBN image. This lets us debne
normal operations including combination, sketching features,

bltering, warping and texture synthesis. Since we build custom
orthogonal charts for operations, processing is not restricted

to the original charts.

AbstractNNormals ! have been used in geometry acquisition
and rendering for years. However, modeling with normals is o/
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Figure 1. We project attributes, creating the temporary chart. All operations
|. INTRODUCTION are performed in this chart. Finally, all changes are mapped back to the
original atlas.
Shapes in the real world are very detailed, as such it is

crucial to have computer models which can represent well
even the bnest turns in a surface. In this work we investigati$ acquiring normals with photometric methods for details
the representation and manipulation of bne surface detail§ogether with a low resolution mesh [2] which leads to the
More specibcally, we process details in the shape of normdepresentation we use. In short, we know how to capture
maps. normals and we know how to render normals, but how
Rendering high resolution models is a difbcult task.should we process normals? This is the main problem
One reason is most methods treat all geometric scalegddressed in this work.
equally, e.g. representing all scales in a mesh. However, In short, our solution consists of projecting normals
different geometric scales contribute in different ways. Thefrom a texture atlas in an orthogonal chart. We show how
macrostructure is the general shape of the model, usuallthis domain is appropriate for debning normal operations.
represented as a triangle mesh or a spline surface. THenally, we transfer the details back, updating the atlas. In
mesostructurdevel contains intermediate geometric detailsthe orthogonal chart domain, we have color and normal
that are visible with a naked eye such as bumps and creasefributes per pixel, i.e. an RGBN image [3]. Our primitive
In this work we will focus on processing mesostructure. — operations are debned for the RGBN image, as such they
We will represent a surface by the combination of itscan be used even without a base surface. However, the most
macro and mesostructure, also called base surface afféexible results are obtained with the separation of base and
details. It remains an open question how to represendetails. It overcomes the bxed viewpoint limitation of the
mesostructure. In this work, we chose to represent it in thdRGBN image. Our main contributions in this work are:

form of normal maps. Normal mapping provides a good y A surface normal editing process employing a separa-

compromise of quality and generality, being supported in tion of base surface and details;

many hardware architectures. S . ¥ Methods to manipulate the RGBN image including
Normal maps can be obtained by simplifying a highly  painting normals, pltering, combination and warping

detailed model [1]. However, starting with a high-res mesh published at Sibgrapi 2009 [4].

is not easy. While modelling is labor intensive, 3D scanners y an RGBN texture synthesis pipeline for enhancement

have problems with high frequency noise. An alternative via normal transfer published at Grapp 2010 [5].

1This is a short version of a MasterOs dissertation presented to IMPA ¥ An |mplementat|on using point based graphics to trans-
(www.impa.br/ Ivelho/tspereira/tspereira-ms-thesis.pdf). fer attributes between the temporary chart and the atlas.



Il. RELATED WORK

o
There are multiple representations and algorithms for '\5
modeling geometry interactively. There are methods that .
represent geometry directly with an irregular triangle mesh. o E
Multiple methods have been developed that map free-form e 'ﬁé“.ﬂ |

user specibcations to mesh deformations preserving details

[6], [7]. These approaches have limitations regarding the Figure 2. Texture atlas.
resolution of the models they work. The reason is they

represent both macro and mesostructure in a mesh, which is

a non-hierarchical model Ieading to Igrge linear systems. Buéppearance. While normal mapping and the original bump
the main problem with meshes is their lack of regularity. Onmapping employ this separation with a rendering point of

the contrary, subdivision surfaces have an irregular contro\lliew we propose methods forocessthis representation
mesh but are regular after a few subdivision steps. HoweveBy fé)rmally debning normal operations. In this way, we
similar to meshes, they do not include a multiresolutiony, o this hybrid representation to modeling applications.

editing semantics. There is no way of changing the mesh,;g’gecomposition choice helps with maintaining a uniform

broadly Wh"? m.alntalnmg de'Falls. compact representation over many modeling related stages
These limitations led Zorin et al [8] to propose the including capture and rendering.

multiresolution surface, i.e, a multiresolution representation Normal operations with textures have been proposed
based on subdivision. It is composed of a base surfaCBefore. |n Normalpaint [15], the authors present extrusion
and details stored in local coordinate systems at differeng simple shapes, however their method cannot process
levels of resolution allowing multiresolution editing. Similar existing normals oﬁly create normals from scratch. Different
surfaces have been used to produce highly detailed surfacggyna| processing techniques for normals were presented by
in sculpting commercial packages. On the contrary, we derg|er-Franklin et al [3]. We extend their work on Pltering
not employ a full multiresolution decomposition, we only 44 present new RGBN image operations. Besides works
work with two scales: macro and mesostructure. with textures, Pltering normals has been presented in other

Our method maintains an irregular mesh as a base mesfomains like triangle meshes or volumetric images.
but parametrizes it to obtain a regular representation for

details. Many solutions have been introduced to parametrize I1l. SURFACENORMAL PROCESSING
a mesh [9]. In particular, some methods involve brst parti-

tioning the mesh and parametrizing it into multiple charts We use a texture atlas to map the surface to texture space.

We require two attribute functions debned on this atlas:

subdivision surfaces, a model together with a texture atlaﬁ1

let us use different but appropriate representations for macrgditing would be to let the user edit the charts directly.
and mesostructure.

. However, this solution is neither transparent nor intuitive
We decompose the model into a base surface and d P

§or the user. We chose to perform all editing operations in a
tails. Detail decompositions be classibed into scalar ang P g op

tor-based hes. Bli 101 brst 4 10 thi emporary chart custom built for each operation. In fact, this
vector-based approaches. Blinn [10] brs Proposed 1o thing, v js just an orthogonal mapping of the surface. Normal
of the surface as a smooth base enhanced with a scal

displ tin th | direct hen h ; [)erations are easier to debne in this mapping (Section
Isplacement in the normal direction when ne presente ). Our editing process (Figure 1) consists of projecting

bump-mapping. However, he only used displacements fo&ttributes in the atlas, creating the temporary chart where

rendering. In addition, many modeling applications haVeoperations are performed. Finally, all changes are mapped

been presented [11], [12]. These two works also Proposg. . to the original atlas

how to decompose a'surface. ) The separation of macro and mesostructure is a key point
Instead of scalar displacements, other techniques store;a (i \vork. Since we propose a solution for editing the

arbitrary 3D vectors [13]. Krishnamurthy [14] proposed 10 osasirycture or details, we assume the macrostructure is

bt a dense polygon mesh with smooth B-splines and storg,qq \ve show how this assumption can be used to design
vector displacements to recover the true surface. more efbcient editing methods. Our representation follows

In our work, we assume the surface can be describeghe riginal depnition by Blinn [10]. In his work, the Pnal
by a scalar displacement in the normal direction. Howeverg ,ifacef : M | R2 consists in details added in the base
instead of working with the scalar function itself, we only ¢ rface®s: M | R2 unit normal directiorN ® by a scalar

store the normals of the displaced surface, similar to th*height functionh M | R:
approach of Cohen et al [1]. They simplify a mesh and
store a normal map for faster rendering while preserving f(x) = b(x)+ h(x)NP°(x)
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- @ Figure 5. We used gaussian bltering in the editing chart to remove color
acquisition seams.

Figure 3. In addition to the base surface positibna/e store the original .
surface normaldl f . We do not have the surfateexplicitly, it is implicitly B. Editing Chart
debned by its normals. . .
As our problem is editing mesostructure, we can assume

fu=(1,0,—21)  hy=<fu,N°> the base surface is Pxed. The Pxed topology of the base
M\ M\ surface lets us represent our surface using a texture atlas.
""""" \ Geometry will be represented by functions on the charts.
N7 fur fo hu; B Ideally, we would like a manifold representation. It would let
~__~ “~__~ ~ - us work in a differentiable chart for any point on the surface.
Nf = f::f: fu = by + hy N® However, building such a representation is a hard problem.

The main difference between the manifold and the texture
Figure 4. Normals are converted to displacement gradients. Operationgtlas is chart overlaps. Since attributes are debned on the
are performed in the gradient domain denoted by the dashed line. charts, it is very important that we keep the charts disjoint.
On the other hand, it is inconvenient for editing attributes,
since a neighborhood of a point may not be contained in
a single chart. For example, if we were to Plter color, we
would evaluate an integral over each pointOs neighborhood.
Processing charts separately creates undesired seams.

An editing operation starts by building an overlapping
chart around the region of interest, in fact a temporary
editing chart (Figure 1). Next, attributes are transfered from
A. Detail Processing the intersecting charts to the editing chart where we operate.

In this section, we present the conversions between suf-"a!: at:]”bUte?_ are r;:fslpl:)ed.bf]lck. i -
face normals and scalar detail gradients. In the next section, YSing the editing chart, neighborhoods of each editing
we debne different operations on these gradients. point will be fully contained in the parametrization. This

We start by presenting the conversion between the normaqhar_acteristic Is very importgnt for D_Itering. For exa_lmp_le,
N and the detail gradiertt,, h, (Figure 4). In the orthog- In Figure 5, we used gaussian bltering to remove I|~ght|ng
onal mapping, the surfaciua'c;n be writte.n asd (u,v) = differences between charts. By respecting the objectOs topol-

(u,v, z(u, v)), whose tangent vectors can be obtained usin gy, color leaks between the charts and leads to a seamless

| . esult.
the identitiesz, = " ni/nz andz, = " ny/n 3. Next we . . . N
convert toh ﬁ by usling3the forvmuleh Z <3f ND > While many possible editing chart parametrizations would
ustly u - us .

We defer the discussion of gradient operations to the ne>§?e pos_5|blg, n t.h.'s work we chose to focu_s on orth_ogo-
section. Our method allows us to change only the details nal projection editing charts. Orthogonal projective editing

keeping the base surfabeintouched. After an operation, we charts_ have_ the following advantages:
convert from gradients back to normals. First, we convert to ¥ Big neighborhoods are fully represented;

However, we do not stord, we only storeb and the
unit normalNf of the original surfacé (Figure 3). Notice
that this information is not enough to easily obtdinBut
we know that for each known normal bPeli’ there is an
unknown scalar displacemeht

tangent vectors using the approximatibn = h, + hyN®, ¥ Support of efbcient image-based operations;

since we do not have the scalar displacenterfinally, we ¥ Easy to implement normal operations;

use the vector product. ¥ Mappings implicitly debned by surface and camera
Displacements in the normal direction are useful. How-  Position. No extra texture coordinates required;

ever, one useful operation is deforming the surface in the ¥ Intuitive for user manipulation.

cameraOs direction. This is currently available in mesostruc- One disadvantage is the loss of signal quality during the
ture commercial packages. The above method can be simptgxture transfers. Proper resampling must be performed to
adapted, instead of working withy, h,, we simply work avoid it. In Chapter 5 of the thesis [16], we discuss the
with height gradientz,,, z,. computational aspects of transferring signals between charts.
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IV. RGBN IMAGE EDITING
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During our surface normal processing method, we have i 2 :.,—
color and normal attributes mapped to the orthogonal chart.§5 55 A« a9 ‘_\_
If we think of the attributes themselves in this new domain, %2 =45 ° “Qm O B
we are left with RGBN images [3], i.e images that contain 4. e S

color gnd normal_s per pixel. In this section, wg prespnt (a) Original Normals (b) High-pass blter result

operations to edit the normals of the RGBN, including

Dlterlng, combination and Warplng The key idea is |OokmgF|gure 6. We can apply any linear blter to normals. We eliminated the
low-frequencies related to shape and retain the high-frequencies related to

at normals as gradients of scalar functions. We discuss thg

case of a height function for the RGBN. Analogously, we

could work with the detail functior.

xture using a high-pass plter. Shaded images under a directional light.

A. Filtering

The simple way to blter an RGBN is to consider each
channel of a 6D (color + normal) image separately and
convolve it with a kernel. Since the resulting normals would
not have unit norm, a normalization step would follow.
While this approach works for low pass blters, it may not
even be debned for high pass blters. We follow a different
approach that enables any linear blter (Figure 6) .

We are interested in establishing the equivalence between
a blter in a height map representation of a surface and its
normal representation. We do not want to obtain a height
map explicitly, but it is a good abstraction to develop blters
for normals. So we are looking for a bltering algorithm that )
takes the normals of a height map? and produces the C:- RGBN Image Warping
normals of the bltered height map?' 9. Conceptually we In the image warping problem, we are interested in
can go fromN? to z,z, and then taz itself. We proceed transporting attributes from one domdinto another' . We
by convolving z with a kernelg. With this new surface assume both domains are related by a diffeomorpigm
at hand, we can simply differentiate and take the vectorfransporting color amounts to using the P@ldto reference
product to obtairNZ'9. In practice, it sufbces to blter the a pointin! . This simple solution fails for warping normals.
gradients directly since derivatives and convolution commutéNormals have to rotate, twist and stretch according to the
(z#9)x = (z« #9). warping Peld. If we had a 3D warping function, we could
transform the normals. However, all we have is a 2D warp.
Our solution consists of looking at normal vectors as 2D

Another application of gradients to normal processing isgradients and warping gradients.
combining normal Pelds (Figure 7). We would like combi-  Given a gradient beld. Debneg' : " | R?, ¢ (x) =
nation to preserve integrability and frequencies. Notice thay$w (x) ADW (x). We sayg' is the beldg warped byWw .
simply adding the normal vectors and renormalizing doesn other words, copy the gradient vector with the warping
neither. We propose the linear combination model whichbeld and multiply it by the warping Jacobian. This gradient
is integrability and frequency preserving. This is crucialwarping rule is equivalent to copying the heights directly
for editing normal maps, since we usually want to editbecause of the chain rug = gaDW = %z &DW =
mesostructure (normals) without affecting macrostructures(z $W ). We show results of using multiple sketches to
possibly encoded in a different representation. debne an arbitrary warping of an RGBN image. As can be

In the linear model we would rather look at the normal seen in Figure 9, RGBN image warping can be used with
Pelds as derivatives. Just like in the previous section, supposglighting to produce correct shadows and highlights.
we could add height functionb and h, respectively base )
and details. By linearity of the gradienty = ! (b+ h) = D. Normal Synthesis
I b+ I h. So even if we do not have heights, we can still We have also developed a texture synthesis method to edit
obtain the new gradient and thus the new normals. The nevarge regions of an RGBN image changing both color and
Peld is trivially conservative. It is also frequency preserving,normals. Editing regions by individually addressing local
if a frequency band is not present in the details, it will bechanges can be painstaking to artists. We use a texture
unharmed irw. To replace a given band, we can use a bandrom example method that takes as input only a small
removal plter in the original RGBN. sample of the desired texture and then reproduces it in a

Figure 7. Branches were created on the soldierOs skirt.

B. Combination
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Figure 8. Overview of the method. Inputs: a) RGBN image, c) texture exemplar. Filtered inputs: b) smooth RGBN image, d) texture detail. Results: e)
color, f) normal (represented in RGB colors) and g) shaded RGBN image.

an application of warping in which we warp and combine a
custom deformation proble along an input path.

Since our method is image-based, many image algorithms
can be directly used for surface normals. For example, in
Figure 13, we have used the RGBN bilateral blter previously
proposed in [3] to denoise preserving edges.

We use multiple viewpoints to perform more complex
attribute editing. We used blending for colors and normals
to avoid creating seams between editing charts. In Figure
11, bricks were added to the face. We have varied the scale
of the bricks manually to better match geometry. In Figure

Figure 9. User strokes; (b) Pnal result with simple color warping; (c) bnall2 we added multiple bumps creating a reptile appearance.
result using warped normals.

VI. CONCLUSION

large region. Our system can synthesize normal textures on In this work, we focused in representing and processing
RGBN images, never using positions. Regarding synthesiglormals in surfaces using a base surface and detail sepa-
an advantage of working with RGBN images is that theration. Our solution transfers the textures to a temporary
projective mapping distortions on the synthesized texture€diting chart. We presented methods for processing normals
can be corrected using normals. As a result, the texture stick§ RGBN images including a normal synthesis pipeline.
to the surface. However, since we do not want the texture Our method provides a unibed representation for acquisi-
to follow every small surface irregularity, we separate thetion, processing and rendering of detailed 3D objects. There
normals into base and detail bands. is no need to enhance a mesh with acquired normals during
Our method (Figure 8) receives as input an RGBN imageacquisition. As for real-time rendering, in our method what
(a) and an RGBN examplar (c). It has three steps. First, in thgou see is what you get, as opposed to current modelling
frequency splitting step, we low-pass Plter the normal imagénethods which project details at the end. In addition, as
(b) removing details and we high-pass blter the examplapormals are already derivatives, they should be an appropri-
normals (d) removing the base shape. Second, in the textugie representation for sharp features. However our present
synthesis step, we synthesize both the colors (e) and normapgint-based rendering method limits these applications. The
(f) of the examplar on the smooth normals (b) compensatingieason is image-based methods involve frequent resampling
for foreshortening distortions similar to Zelinka et al [17]. that can lead to a loss in quality. An additional disadvantage
Finally, in the combination step, we merge the synthesize®f our formulation is requiring that the details be represented

normal details with the smooth RGBN image. as a scalar displacement, imposing restrictions on the base
surface. Finally, our operations are not intrinsic, i.e., they
V. RESULTS depend on the editing chart.

In this section, we present some results of our surface In future work, we are interested in using photogram-
normal processing method. They show that the editingnetric mapping methods or registration techniques to ease
chart is an effective way to add details. All results usethe acquisition of macro and mesostructure. Additionally,
displacements in the camera direction for combining detailswe would like to develop additional sculpting operations in-
All facial images in this section are shown illuminated by acluding new brushes and blending modes. Moreover, we can
light source in the same position as the camera. avoid resampling by debning normal processing directly in

Figure 10 shows an x-shaped scar added to a face anttle original parametrization. Finally, some mesh processing
an example of sketch based carving. Sketching features igperations are easier to specify using normals. In particular,



shading-based and gradient-based operations. However,
leverage to power of normal operations, we would need
method to change positions to re3ect changes in normals,
integration engine. This would allow a dynamic and adaptive
separation of macro and mesostructure.
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