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Abstract

This paper presents a new approach to impressionist rendering. Generally, impressionist
rendering is produced on a device at medium resolution. This paper presents the needs,
the enhancements and the problems arising when implementing an efficient impressionist
rendering with high resolution. A new physical model of painting was designed and its use as
a filter has been implemented. These first results are given in this paper.

1 Introduction

This paper presents a new approach to impressionist rendering. Since the work of Haeberli [1],
impressionist rendering has been one of the main fields of NPR (see for example [2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, 13, 14]).

Authors of these works mostly tried to produce impressionist pictures on a CRT, or a Video,
device, therefore at medium resolution. This paper presents the needs of high resolution in order
to implement an efficient impressionist rendering. With high resolution a number of new problems
arise: data compression, seeing the image as a whole, etc. These problems are presented with our
nowadays solutions. But with high resolution some new developments are also possible. A new
model of painting was designed and its use as a filter has been implemented. The results are given
in this paper.

Arising after the achievement of photorealistic painting (Vermeer [15] or Corot [16]) and after the
invention of photography [17], Impressionism superseded photorealism through a “more beautiful
than reality style”. This is mainly achieved by a great attention to small details, an improvement
of the color and light effects and a delicate work on the human vision. All these points concur to
the great difference between an Impressionist picture seen at different distances (see Figure 1).
At close range, one can see that impressionists focus on:

e detail: every part of an impressionist picture is detailed (who will notice at far or medium
range the two people of Figure 1a? See also the pretty girl of Figure 2e),

e light: the light effects are very present (see the lovely couple of Figure 2b),

e reflection: the treatment of reflections of the lights of the scene (for example of light on
stained glass and of this reflected light on grass in Van gogh [18]) is enhanced by the treatment
of reflections of light on the painted canvas. Therefore in impressionist paintings, the paint
has a volume.

e twinkling: using a few brush strokes, the artist draws with a pure color a subdivided outline.
This produces almost paradoxal lights (see the bottles and glass in Figure 2c).

Therefore we adopted a high resolution approach. As mentioned by Caillou [19], the high resolu-
tion begins at 30 pixels per millimeters. At this resolution, there is no more aliasing problem. In
this paper “High Resolution” means 6000x 8000 on a 14” display. When the words “high resolution”
are used it means the idea of high resolution.

Our aim is to create graphic tools to produce impressionist rendering in High Resolution. This
can be achieved by two different ways:



Figure 1: Renoir : “Pont de Chemin de Fer Chatou.” a) at far range b) at close range

o the creation of filters. These ones can be integrated in a paint box tool (like I P[20]),
e the creation of a complete High Resolution paint box tool based on a physical model. In our
physical model the volume of oil painting is treated. Therefore in our model a painting is a
3 scene and its visuali ation re uires a global illumination and a pro ection tool.
In this paper we present the high resolution conse uences. Then we gives the high resolution en-
hancements. But the use of the high resolution creates new problems. Some of which are new
research domains. We explain each of them and we propose some solutions. Then we present our
reali ations and results.

n do 1 r oution

As impressionist painters working at close range, the high resolution permits to focus on detail,
light, and twinkling. These possibilities are presented hereafter.

As noticed by Hert mann [3], impressionist artists used to paint brushes of multiple si es, beginning
with a rough sketch and going back over the painting with a small brush to add detail.

ost of these details are smaller than a pixel on a visuali ation device. For example, the stem of
the dandelion at the bottom right of the Figure la was drawn using very small brush strokes. If
we reproduce this painting at medium resolution, then the stem is represented by one pixel only.
At higher resolution the stem is more detailed and its shape and colors become significant. For
example at High Resolution the stem is drawn on 61 pixels.

Impressionists attempted to capture the moment. To retranscribe it, the light effects are primor-
dial. As one can see the light effects are very present and detailed on most painting (see the lovely



couple in Figure 2b). The reflection effects are also very important whenever the reflection on
water is presented (see onet [21]). At medium resolution, these effects are not reachable.

As we can see in Figure 2c, the bottle, the carafe and the glass are drawn with subdivided outlines
to produce twinkles. In High Resolution this effect can be generated easily (see the left part of
Figure 3). We have tried to reproduce this effect at medium resolution. With a well-known graphic
tool ( I P [20] was used) each dimension of the image of Figure 3a was 10 times reduced: this
leads to Figure 3b. In order to compare these two images, the last one was then scaled up to
the original si e, without any anti-aliasing or super sampling effect (see Figure 3c). At medium
resolution the twinkling effect has disappeared. It is now clear that the twinkling effect is at
sub-pixel si e and can not be generated without high resolution.

High resolution also means high level of detail. Therefore the graphic designer can use slight
strokes of very thin brushes that would have been senseless actions at medium resolution.

The need of a high resolution arises anytime one wants to produce details, fine reflections, light
effects and twinkling that are indispensable to impressionist rendering but lead also to a significant
improvement of any artistic rendering.

i r oution n nc nt

New enhancements are possible at high resolution. They include a real physical model for the
painting or the possibility to take the volume of paint into account. These enhancements are
presented hereafter.

The model used must be applied at high resolution. It can be really precise and closest to the
reality. With previous tools [22], one can see brushes strokes as at medium range. At high res-
olution, one will see brushes and bristles strokes. Only in high resolution is a physical model
suitable. A physical model and its simulation mean a long computing time. At low resolution
a graphic designer expects each brush stoke to be computed interactively therefore in less than
one second. In this case the brush stroke might correspond to a 1 s uare and cannot be pre-
cisely simulated uickly enough. At high resolution a brush stroke involves less than a thousand
sub-pixel cells and can be interactively simulated. The precision of the model used at high reso-
lution must be at least at bristle level. This permits to show even the cra uelures on the painting.

As one can see on the ¢ glise d Auvers sur Oise” [18] the grass is drawn with touches of painting.
This techni ue is used by the impressionists to give a volume on the painting. Then the ambient
light on the paint volume produces a visual effect. These touches are details when compared to
the whole picture. But they are clearly visible at close range. So this effect can be reproduced
only with high resolution.

The high resolution permits to work on a high-level of detail. It means that the model must and
can be precise and that the simulation can apply interactively to detail.

i r oution ro

In high resolution, the si e of the image is at least X pixels.  ven if the hardware
is not adapted to the high resolution, the high resolution is indispensable for the impressionist
rendering and the artistic simulation. We must apply the high resolution on the actual hardware.
Two problems occurs:

e the visuali ation of the whole high resolution image on a classical display s device,

o the storage of the image.



In the following, we detail these problems and present our new approach and solutions.

ven if recently Chen et al.[23] focus on the large-scale and high resolution displays, the ratio
between the high resolution and the medium resolution, used on a CRT device for example, is at
least 8:1. Then on a usual device, one can see less than 2  of the High Resolution image. 2 is
precise enough to work on details but not to work on the image as a whole. Impressionist painters
were sometime in the same situation. onet is described as going to and fro the canvas while
working (as mentioned at the us e de 1 Orangerie-Paris [24]): he looked to the whole image at
far range, then chose a brush and a color and finally made a brush stroke at close range. Our
problem is e uivalent to the visuali ation of the whole image at far range. It can be described as
a scale up scale down problem.

enerally this problem is solved with an average method. It consists to:

et be a pixel of the resulting (medium resolution) image. et ( X
X ) be the center of the area of the initial (high resolution) image. et be a neighborhood
of . The color of will be:
X

This method is not efficient for impressionist rendering: the details, light effects and twinkles
vanish. ven in HSV mode the vanishing persists. The impressionist artists used tint, shade and
tone. There are a lot of tints used by the painters on each part of the painting. So even if the
average is reali ed on the HSV mode, the result is not convincing for impressionist rendering.
Another approach where h, s and v are treated differently was also used:

X

But a statistic model presents a real enhancement of the visuali ation. A small area of the resulting
image is treated. It corresponds to a larger volume, , of the high resolution image. A statistic
distribution of the hues of is given to the resulting pixels. This method generates medium
resolution images with the best visual impression.

The si e of a high resolution image is very large. et consider that the color of a pixel uses three
bytes only (one per Red, reen and Blue component). At High Resolution, the si e of an image
is approximatively 137 B. There are two problems:

e due to the si e of an image, the data compression is necessary,

e the compression and decompression must be “on the fly”.
The compression ratio must be adaptive. At least it must be 3:1. The methods, like the R [25],
are not appropriated to impressionist rendering because they do not permit to obtain satisfactory
results. Therefore a chromatic analysis is used that leads to a suitable ratio. One problem remains
that is the loss of uality.

1 tion

We present now the reali ations. It includes a new model for the high resolution and some filters.
The filters can be included into a graphic tool like I P [20].



Our goal is to make an interactive tool box for real-time painting and drawing. Previous real-time
simulations for painting were not designed for and with high resolution.

Our model is designed to allow control of low level details and fast processing. It is inspired by
both Cassidy et al. s method [26] and Sousa et al. s method [8]. We model the supports and the
media with their geometrical and physical properties. Then our model describes the interaction
between support and media. It includes geometrical deformation and coloring of the support.

In the following we present the three parts of our model: the support, the medium and their
interactions during the painting process.

Supports are colorable material: wood, plywood, metal, glass fibre, paper, canvas. In our model
a support is defined by: (1) its geometrical property (altitude map), (2) its physical properties
(absorption rate, maximal absorption). These characteristics can be valued to simulate any of the
above materials.

The geometrical properties are given by an altitude map. As the support is discreti ed, its smaller
part will be called a cell. At High Resolution a cell is considered as a 33  wide cube.

The altitude map uses two steps, as in [26] by Cassidy et al. or in [8, 27, 9, 10] by Sousa and
Buchanan:

1. the scan of a sample texture

2. the construction of the support of desired length and width with a texture generation method
such as [28].

In the first step a sample texture is scanned in black and white. This sampling must be large
enough to characteri e the support to be modeled. ach gray-scale value is then matched with an
altitude . These altitudes are normali ed between 0 and 255.
The second step consists in the generation of a support of desired length and width. We used an
algorithm based on i- i Wei and arc evoy s generation texture method [28].
In the following:
is a pixel of the sample texture with coordinates (i, ),
is a pixel of the support with coordinates (i, ),
is the value (altitude) of the pixel ,
is a relative neighborhood characteri ed by a set of relative positions (see Figure 4):

is the neighborhood of the pixel given by:

is the distance between two pixels  and

The support texture is preliminary filled with a random noise. iven a neighborhood |, the
support is constructed in a scan-line order as follows:



For each cell of the support a roughness factor is defined as the gradient of the alti-
tude map. uring the painting process, the support change dynamically (geometrical properties,
physical properties and even the material may change). For that reason a cell is divided into
multiple layers. The layer of a cell is noted

For each kind of support, , an absorption rate, , is defined.
A layer of a cell may absorb coloring material to a maximal uantity . This
value depends on the material composing . If this threshold is exceeded, capillarity effects are
applied to neighbor cells.
Coloring material settle on the layer to a maximal uantity . If this threshold is
exceeded, a new layer is created for that cell.

ach layer has also current absorbed and settled uantities of coloring material.

edia for painting are composed of two parts: the coloring material (the paint) and the tool used
to apply the color on the support (the brush).
A coloring material  has the following properties:

e 3 color which is given in the R BA colorspace,

e 3 viscous factor used for capillarity effects. For example, watercolor has a low viscous
factor,

e 3 settling rate , for example is very high for pencil.

To obtain a high resolution picture one has to work not only at brush but also at bristle level. A
brush is defined as a collection of bristles . A bristle is a be ier curve whose values
are weighting coefficients. They can be seen as pressure factors. In addition each bristle  has a
hardness factor . To simulate the uantity of paint on the bristles, the point of contact

of the bristle  has a uantity of coloring material.

The painting process results from the interaction between the medium and the support. When
applying a medium on a support, there are three main conse uences:

e the medium leaves coloring material in on the support.
e the support may be altered according to the pressure applied by the media,
e the bristles move according to the brush strokes,

The coloring of the support results from:
e absorption of pigments by the support,
e settling of pigments on the support.



et be a contact point between a cell and a bristle of the medium. The pressure applied
by the medium is . A total pressure  which is a function of the bristle pressure and the
roughness is given by:

The potential uantity of coloring material that can be left from the point of the bristle is:

X X
The uantity of absorbed, , and settled, , material are:
X
These values are tested against and , and and are updated.

Our model includes support deformations due to:
e the pressure applied by the media on the support,
e the use of an eraser or a scraper.

When applying a medium with a too heavy pressure, the support may be deformed. et be
a threshold. If  is greater than underneath layers are erased. A test is done so that the
number of layers can t be null.
When applying an eraser or a scraper on the painting, support material are removed. et be
the erasing factor and  the pressure applied on the support. The uantity of material removed
from the top layer is given by:

X X

if  is greater than the top layer is erased and the new uantity to be removed from the
next top layer is

nlike real ones our bristles can t be eroded. Therefore the deformation of the media consists in
moving the bristles according to the moves.

This model will be integrated in our tool box. As a testing process it has been included into some
filters. ach filter computes media moves on the support and makes the simulation for the brushes
strokes. It s a process that applies to an image to produce a rendered image

A random filter was built to approximate brush strokes on canvas. The random filter consists in:
1. tocreate a Be ier curve with randomly starting ,ending  and control points

for each point  to compute a pressure value through a gaussian distribution,

to get the color  of the starting point of

to set randomly the parameters for the media with the color

oLl N

to make the simulation for this stroke.

The image of Figure 5 was produced with this filter. The Figure 5 presents the original image,
the resulting image and a magnified part of it.



For each area of the image  this filter:
1. computes the gradient for hue,
2. sorts out nearby colors and counts the number of pixels with this sample in the picture,
3. makes a random media for each of these colors,
4. makes random strokes for each media according to the gradient and
5. makes the simulation for each strokes.
As it is possible that the random strokes don t fill the entire area, we set the color of the support
to the color with maximum in this area.

The image of Figure 6 was produced with this filter. The Figure 6 presents the original image,
and two resulting images.

onc u ion

We have presented a new approach for the impressionist rendering through high resolution. The
use of high resolution permits to focus on details, light effects, twinkles and volumes of paint. A
lot of problems remains: for example storage, oom or computing delays. We have designed a
model for high resolution. This model controls the support, the medium and their interaction. It
is designed to compute the volume of paint. Our model produces images where each pixel has an
altitude. The picture is then a 3 ob ect. The user can move the view point and the light seeds.
Then the user can focus on detail, observe the whole of the image as an oeuvre of a painter in
a museum. This is a significant improvement of impressionist rendering and also to any artistic
rendering.
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Figure 2: Renoir: “Bal au oulin de la galette”
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Figure 3: Twinkling effect at High Resolution and medium resolution

Figure 4: Neighbors used for texture generation.
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Figure 5: “Restonicas orge”. Top: the original image. Center: the filtered image. Bottom: a
part of the filtered image.
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Figure 6: “Familly life”. At the top the original image, at the center the filtered image, at the
bottom another filtered image.
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