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A Survey on Non-Photorealistic Rendering for Game Graphic

Bolormaa Bat-Ochir”, Soo-Kyun Kim "~

ABSTRACT

Two-Dimensional and Three-Dimensional Non Photorealistic Rendering(NPR) is style that is popular in video games, movies and
animations. NPR techniques are developing to more efficient on digital art. Traditional computer graphics, mostly focused on
photorealism. But, recent years, NPR style is important to game graphic and it is inspired on artistic styles, which is painting, drawing,

technical illustration, animation and cartoon. The goal of this paper explains NPR and how can use NPR technique in game graphic.
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| . Introduction

NPR is the contrast of the photorealism. Recently,
NPR is important and impressive branch of
computer graphics. The model in 3D environment,
NPR work to when the increased availability of
programmable GPU’s and applied to the rasterised
image then result is displayed on the screen. NPR
techniques attempt to create images or virtual worlds
visually comparable to renderings produced by a
human artist.

Several artwork styles have been explored in the
NPR literature, such as pen and ink, painting
engraving, informal sketching, charcoal drawing,
watercoloring etc. NPR algorithms mostly focus on a
specific artistic style. In animation techniques have
used impressionistic painting and cartoon style
rendering.

NPR is separated to 3 categories:

- Artistic media simulation

- User - Assisted image creation

- Automatic Image creation.

This paper is focused on these 3 categories. Next

secions  introduces some  techniques  of
non-photorealistic rendering. Also this paper is
based on Gooch & Gooch [1].

I1. Non-Photorealistic Rendering Techniques

2.1 Pen-and-Ink Hlustrations

This technique is based on hatching, outlines, lines
art and so on. The pen-and-ink drawing has a long
history. The pen-and-ink illustration has been

developed as an art form of itself since the end of the
19th century.

Georges Winkenbach and David Salesin[2]
describe the principles of traditional pen-and-ink
illustrations. They started to present algorithms and
techniques for rendering polygonal models.
Pen-and-ink has a limited result, because there is no
color tone, so both colors and also shading must be
suggested individual stroke. These had attractive
qualities: outlines and tones and texture and so forth
(See Figure 1).

a8 1, HAX e} E2 0|&

Fig 1. Using strokes to indicate both texiure and tone.
The stroke textures used, from top to bottom, are:
a.cross—hatching; b. stippling,; c.bricks; d/shingles and
grass. Notice how the outline style of the white areas is
also particular to each texture [2].

Stroke: Curved lines of varying thickness and
density. This is produced by placing the point, or nib
of a pen in contact with the paper. And brush must
look natural. Pen-and-ink illustrations are made
strokes. Stroke perturbed by waviness and pressure
function.
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Outline: Boundary lines that disambiguate
structure. It's defined by variations in texture and
tone. Outlines must be introduced where tones are
omitted to convey shape.

Tone and Texture: Texture is the character
conveyed by collection of strokes. Tone is perceived
gray level across image of segment. It is impossible
to portray the value of each surface precisely;
instead, combinations of strokes are used to create an
overall impression of the desired tone.

In traditional computer graphics rendering, tone
and texture are separate elements of the rendering
pipeline. In 3D objects or scene need to interact with
2D images. Pen-and-Ink is create 2D image, and then
textured by model by showing the result.
Winkenbach and Salesin made to standard for

graphics pipeline:

- Manintainin a two - dimensional spatial
subdivision.

- Rendering of texture and tone.

- Clipping.

- Outlining.

A reasonable starting point is to take the
traditional “graphics
photorealistic imagery and see which parts, if any,
need to be altered in order to support this style of
non-photorealism. Here some example Figure 1 to 5.

Winkenbach and Salesin’ rendering [2] proceeds

as follows:

rendering pipeline” for

1. The visible surface polygons and shadow
polygons are computed.

2. These polygons are projected to screen space

and used to build a 2D BSP tree and planar map data
structure.

3. Each surface is rendered by invoking the
procedural texture attached to it.

4. Stroke generated by the procedural texture are
clipped using the 2D BSP tree.

5. Finally the outline strokes are drawn using the
planar map data structure.

a8 2 AAYE HAXe £ 2]
Fig 2. Scaling texture and tone. Same style but
different size of texture and tone 2]
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Figure 3: Changing viewing direction (Anisotropic) [2]
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Fig 4. There are Bold stroke indicate detail segment
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a8 5 "HAX 2]
Fig 5: Indicating texture; (a) house is drawn using
“indication”; (b} house is not; Georges Winkenbach and
David H.Salesing 1994 [2].

2.2 Painterly Rendering

This technique uses 3D model with particles,
surface lighting apply to 2D brush strokes and
texture. Finally, we can see rendering result in screen
space [3]. Painterly Rendering is used by the
painter’s algorithm to render particles as 2D brush
strokes and based on real artistic painting (Fig 6).
Real artistic painting [4] is used by the watercolor, oil
painting, acrylic style. The painting process
composed to brush. Brushstroke contain the artistical
view, each brushstroke rendered one particle. It's
including to location, color, size of stroke [5],
direction of the paper [6] and canvas angle, shape for
brushstroke, and specified by a set of reference
pictures or by data that is stored with the particles.

a8l 6. HOIE o 23t [4)
Fig 6. Some result for Painterly Rendering by
Hertzmann, A -1998 [4]

Figure 7 shows the circle of rendering pipeline. In
3D some geometry model which is rendered using
shaders to create brushstroke. And then put on a
color or texture and find to orientation which
provide the image to model. Size is also boundary of
image in the model. Finally, put a particle to image
and brush texture.
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Fig 7. lllustrate the painterly rendering pipeline [3].

Curtis [3] presented to generate watercolor system
in computer. First, they are generated the paper (See
Figure 8). And then add to watercolor image. This
method is computing fluid flow and light interaction.
Curtis used wet-in-wet and wet-on-dry simulated
watercolor effects (See Figure 9).

4 ¥
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Fig 8. Paper generations [4]
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Fig 9. Example of simulated effect: a. Dry-brush
effects, b. Edge darkening, ¢. Intentional back-runs,
d.Granulation and separation, e. Flow patterns, f. Color
glazings [4].

The Figure 10 shows the simulated wash
techniques and use the three layers [4].

" Shallow—water layer

(flow of water above paper)

N _ 4
m P Pigment-deposition layer
N (adsorption and desorption of pigment)
o e

~N K --“7 A/i;r;;;rﬁ?&vléﬁgll}alfyoeﬂglmpores)
a7 10, x| 2E [4]
Fig 10. The three-layer fluid model by Small.

a. The shallow-water layer, b. The
pigment-deposition layer, ¢. The capillary layer [4]

Figure 11 shows the interactive painting, it use the
brush type of effect.

T8 1. 43EE HUE [4]

Fig 11. Interactive painting. The process is running,
user input and simulating [4].

1. Cartoon Shading and Cel Animation

In traditional cartoon have to draw all of frame by
hand. Computer graphics add to hand drawing style,
and create techniques of cartoon. It is also called to
Cel animation’s painting process is similar to the
Hard-Shading[7]. The cartoon shading is based on
real artistic techniques and it is using by the line
drawings and filled with areas of solid color to

object. Lake [7] generated texture map of the colors.

Shadow Celor Material Color

wepl 0§ uwij

1D texture map

a8 12 1= AMold [7]
Fig 12. Olaf Rendering using cartoon shading [7].

Figure 12 shows 3D character featured by the
cartoon shading which uses Lake’s technique and
apply it 1D texture mapping with light to surface of
the object.

Texture Map

a8l 13 "AXe MM 7]
Fig 13. Generation of texture (light and normal) [7].
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Here more important thing is light. Cartoon
shading based on shading and outline drawing.

V. Conclusion

This paper introduced the two kinds of NPR
techniques. These are based on real artistical drawing
technique. In 3D geometric object apply 2D image,
which is created by pen-and-ink or painterly
rendering techniques.

Traditional cartoon technique draw all frames by
hand. Cartoon shading techniques based on
traditional drawing and it used by the texture,
course of light, edges detecting and mixed with 2D
and 3D object.

In this paper we explained NPR and how can use
NPR technique in game graphic.
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