UNIT - IV

SHADING AND COLORS ISSUSES




Lighting and shading are important tools for making graphics images
appear more realistic and more understandable. Lighting and
shading can provide crucial visual cues about the curvature and
orientation of surfaces and are important in making three-
dimensionality apparent in a graphics image. Indeed, good lighting
and shading are probably more important than correct perspective
in making a scene understandable. Lighting and illumination models
in computer graphics are based on a modular approach where in
the artist or programmer specifies the positions and properties of
light sources, and, independently, specifies the surface properties of
materials. The properties of the lights and the materials interact to
create the illumination, color, and shading seen from a given
viewpoint.



For an example of the importance of lighting and shading for rendering three-
dimensional images, refer to Figure Ill.1. Figure I1l.1(b) shows a teapot rendered
with a solid color with no shading. This flat, featureless teapot is just a silhouette
with no three-dimensionality. Figure lll.1(c) shows the same teapot but now
rendered with the Phong lighting model. This teapot now looks three-
dimensional, but the individual polygons are clearly visible. Figure Ill.1(d) further
improves the teapot by using Gouraud interpolation to create a smooth, rounded
appearance. Finally, Figures Ill.1(e) and (f) show the teapot with specular lighting
added; the brightly reflecting spot shown in (e) and (f) is called a specular
highlight.

“Shading” refers to the practice of letting colors and brightness vary smoothly
across a surface. The two most popular kinds of shading are Gouraud
interpolation (Gouraud, 1971) and Phong interpolation (Phong, 1975). Either of
these shading methods can be used to give a smooth appearance to surfaces;

even surfaces modeled as flat facets can appear smooth, as shown in Figure
111.1(d) and (f).
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shows a teapot rendered
with a solid color with no
shading

Teapot
drawn with solid

color but no \
lighting or shadi/ng




shows the same teapot but
now rendered with the
Phong lighting model. This
teapot now looks three-
dimensional, but the
individual polygons are
clearly visible.

Teapot with flat
shading with only

— ambient and \
diffuse Iighting./




further improves the
teapot by using Gouraud
interpolation to create a
smooth, rounded
appearance.

Teapot drawn with
Gouraud
interpolation with
only ambient and
diffuse reflection.




show the teapot with
specular lighting added;
the brightly reflecting spot
shown in figure e is called a
specular highlight.

Teapot drawn with
flat shading with
~ambient, diffuse, and
specular lighting.

/




show the teapot with
specular lighting added;
the brightly reflecting spot
shown in figure fis called a
specular highlight.

Teapot with Gouraud
shading with ambient,

_ diffuse, and specular \
lighting.

\




Figure Ill.1. Six teapots with various shading and
lighting options.
(a) Wireframe teapot

(b) Teapot Drawn with solid color but no lighting or
shading

(c) Teapot with flat shading with only ambient and
diffuse lighting.
(d) Teapot drawn with Gouraud interpolation with only
ambient and diffuse reflection.
(e) Teapot drawn with flat shading with ambient,
diffuse, and specular lighting.

(f) Teapot with Gouraud shading with ambient, diffuse,
and specular lighting.
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[Hummaﬁon Models

Light energy falling on a surface canbe: |

* heat /C|>\
\\\ L

%bsmbed Reflected | | Transmitted — 4

T T e

They make an DbJECt visible transmitted light

The amount of energy absorbed, transmitted or deflected depends on the
wavelength (w.1.) of the light.

If then. the object

all the incident light energy is absorbed............ceviccieciceiieeeennnnn.... 18 InVISible
nearly all the incident light energy is absorbed..................................... appears black
only a small fraction is absorbed .. ceveeneennonoAPpears white
the incident light energy is nearly equally 1ed11ced fm all W. l . dppears gray
the incident light energy is selectively reduced for all w.l. . ..........appears colored




Illumination Models

The character of the light reflected or transiutted...

epends on:
+ Composition of the light source  The surface ortentation

* Direction of the light source ~* The surface properties of the object
* Geometry of the light source




Illumination Models

Each point may have several sources of illumination:

direct illumination indirect illumination
light arrives straight from the light light arrives after interacting with
sources the rest of the scene

According to how they handle these sources. algorithms can be grouped 1nto:

global illumination algorithms local illumination algorithms
Both kinds of sources are considered  Only direct lights are taken
into account
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Some useful definitions:

Normal vector

L - light source
direction

N - Normal vector

0 — angle of

to light source S
incidence

e N 1s the surface normal
* L 1s the direction to light source
« Vectors N and L are unit vectors

* 0 1s the angle of incidence




Model | — Ambient Light

A object may be visible even it is not directly exposed
to a light source.

That is because, some light is always scattered from
the nearby illuminated objects and surrounding is
known as ambient model.

This light is diffused and non-directional in nature
and is assumed to be incident with uniform intensity
on all object in a scene.

|, = |, (Incident light Intensity ) K, (Ambient
reflection coefficient)



Model Il — Diffused Light

Light from the source is incident at different angle at
different point on the surface.

The model which represents such diffused reflection
in based on the Lambert’s Cosine Law and is given by

|6 = |, ky COS O

Where

lyi¢ 1S the reflected intensity

|, is the incident light intensity

ky is the diffuse reflection coefficient

© isthe angle between the incident light direction.



&N
L"‘\ ! Imcigent a&\\
\(l / / Reflectad ray-ﬁ

g«" % M =

Fig. 8.1

* |If the unit vectors representing the surface normal
and incident light directions are N and L respectively
.. rewritten as

laite = 1 kg (N.L)

e Dull mate surface like chalk or cardboard that ideally
exhibit diffuse reflection scatter light with equal
intensity in all direction.



lllumination model 2: Ambient + diffuse light

Lambert’s Cosine Law

incident mtensity from a point light source
wavelenght T diffuse reflection function (0 < Ka(A) < 1)

)

L) = L) K«.) cos(©®)| 0<6 <

mtensity of reflected diffuse light

Therefore, the Lambertian 1llumination model becomes:

10\ = L.(\.) Ka(n) cos(®) + K.(0) I.(L)

diffuse light ambient light




Illumination model 2: Ambient + diffuse light

In practice, dependence on the wavelength 7. 1s usually omitted:

I[=1 Kicos(0) + Ko L. 0<0 g%

diffuse light ambient light ~ Ko+ Ka<1

Since N and L are unit vectors, it holds that: cos(6)= N.L
4

dot product

I=1 K« (N.L) + K. I. 0<6 i%

I
diffuse light ambientlight Mo+ Ka<I




[llumination model 1: Ambient light

Ambient light G

_ o I=K., I Intensity of
e Uniform from all directions o XLd ambient light
» Ko measures reflectivity of ¢

surface for diffuse light

. Ambient reflection coefficient
(values 1n the range: 0-1)

Problem: an object 1s illuminated uniformly Ko=0.6

K.=0.7 Ko=0.5
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Illumination model 2: Ambient + diffuse light

Surfaces with a simple Lambertian diffuse reflection appear to have
a dull matte surface:

Ki=0.7 Ko=0.5
K= 10.2




Model Ill = SPECULARLY REFLECTED LIGHT

e Shiny surface : Polished Metal , Oily Skin ... nor ideal
reflector ....

* |deal Reflector



lllumination model 3: Ambient + diffuse + specular light

Many surfaces are|shiny || shiny|surtaces produces| highlights

At certain viewing angles,

Y

Highlights|are due tDlipecufm* reflection|———=|Specular reflection|
Y 1s directional
Highlights|occur over a narrow range of angles
Y + l
Highlights|color same as the

illuminating light rather than

| Highlight{ move with the observer

the color of the surface

* For a perfect reflecting surface (a mirror) the angle of reflection 1s equal
to the angle of incidence

* For smooth surfaces, the spatial distribution of specular light 1s narrow.
* For rough surfaces, it 1s spread out.
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Illumination model 3: Ambient + diffuse + specular light

0 — angle of incidence
V - line of sight
R - direction of ideal
specular reflection
to light source y o — angle between
' RandV

N e Normal vector ]LV - I;}ghr so]urce direction
. TR - Normal vector
N A
% | N

line of sight




Illumination model 3: Ambient + diffuse + specular light
Phong Model

Because of the complex
physical characteristics of
the specular light, an
empirical model based on
taking the function:

f(o)=cos"(a)

where » depends on surface
properties. For: In general, we use:

Larger values of » for metals and other
shiny surfaces

» very poor reflector 7=] Small values of » for nonmetallic
surfaces (e.g.. paper)

AMNT twdais Talarine Can- httm Mo nunlar sininmn arfimlarin-

« a perfect retlector, n= =

* 1n practice use / < n< 200







[llumination model 3: Ambient + diffuse + specular light

In practice, dependence on the wavelength . 1s usually omitted. In
addition, w(7,2) 1s a very complex function. so it 1s replaced by an
aesthetically or experimentally determined constant &,
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lllumination model 3: Ambient + diffuse + specular light

Ko Ambient reflection
I=KoIo+1i Kacos®©)+1i Ks cos"(o
. ©) - (@) Kd Diffuse reflection

K.=0.6 K.=0.5 |Ks Specular reflection
K~=0.3 K~=0.4 K=07
K=0.2 K=04 Ki=0.2

. K=0.8
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Illumination model 3: Ambient + diffuse + specular light

Noting that: the model becomes:

cos(9)=N.L _ -
cos(a) =RV I Ka Ia +IIKd (]V.L)'l' Ile (R. W

However, two objects at different distances but with the same
orientation to the light source exhibit the same intensity.




Computing Reflection Vector

To simulate lighting condition in a real environment we have to assume presence of

both distributed and point light source. The intensity of light reflected from a surface will
be the resultant of ambient, diffused and-specular reflection. Mathematically this can be

expressed as,
| = Iumh * [dif’f +1
Lk + 1k (N.L)+ [k (R.V)'S

=1k + 1, [k (N. L)+ K, (R, V)" (7)

spec

In the above expression a single point light source is assumed. For multiple (say m
nuntbers) light source the cffect of illumination is simply additive and resultant [ can be
expressed as,

=1k + Y hlky(NL) +kRV)™] (8)
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Distance Fc’:lctOr

Ly = f 1y Ky (N 1)
Lpee = T 1y K R.V)s

spec

=1kt Pk D)+ RY))




Color Factor

For a surface exposed to white light from a point light source the reflections at any
point can be modeled by following 3 equations,

leo = Yo ven Ko men * 1 e K pep (N L) K g R V)]

. n i
Iﬂl.UF. B lﬂ‘ BLUE k&* RLUE l‘rjtl Il’ BLUE [km' BLUE (N L] f ks' RED “{‘ V} F’

Lnren = Yo oneen By neen * B T orery Do grren (% 1) # K ey (R V)"

The RGB intensities (1, Ty e, ) 1hus calculated can be used to adjust the
electron beam intensity of the 3 clectron guns in any RGB monitor to generate a pixel in
trug color
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Shading

We have learnt how to calculate intensity of light reflected from a point in a given lighting

and surface condition. Now we have to use shading techniques for fin
of a surface as a whole to simulate it's appearance under given ligh

ing intensity profile
Ing condition, Such

techniques calls for implementation of illumination model at each visi
defined by polygon meshes.

nle point of surfaces




Gouraud Shading
Phong Shading
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+ L:-.'I I‘I* I, 1; be the intensities calculated at vertices 1, 2 and 3 respectively using
illumiration model at eacli of these vertices. To determine I_ ata point p along any arbitrary

scan line (y), 1, is first found at the intersection a of th i '
: i i e scan line w e |-
linearly inerpolating |y and 1, ith the edge 1-2 by

L—I, _ »m—-y

-1z ¥ —¥2
= R, =0 -y -y
a 1 'i_ 2 ¥ — Va

Similarly I, is found at intersection b with edge 3-2 by linearly interpolating I, & 1.

I —0y _ »— ¥
I; —1; ¥y —¥2

—

¥y — V
1, =1, - (1, — L,) -
b 3| 3 2 IS

—_— .,}'I:-t

* Finally I is found by linearly interpolating I, & I,

I,— 1, _ xp— X4

lh_l.ﬂ, Xp — Xg

X — X,
= i, =1L, -, -1 =—

Xy — X,

Thus intensity of all points along the scan line y and also along other scan lines within
the domain of the area can be determined.
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Step 1: Find N,, N,, Ny the unit normal vectors at vertices 1, 2 and 3 respectively.
(Refer Fig 8.5)

Step 2: Find N, by interpolating N, & N, using the following formula

N-N, _h-y
N=Ny  Yi=»n
Step 3: Find N, by interpolating Ny & N, using the following formula

Step 4: Find N by interpolating N, & N, using the following formula

Np=Na  Xp-
Nh-H' Xy — Xg

Step 5: Find 1 atp using N in a standard illumination model




Texture Mapping

nat is Texture ?
nat is Mapping?

nat is Texture Mapping?



Example of Texture

Format AutoShape

[Colors andLines || Size | Layour | Pictore | Tesr Ao | Al Text

Fill

Color: | | | Eil Effects... |
Transparency: € U | 3 “
Line

Color: |_ v| Shyle:

Dashed: | Weight: 0.75 pt

Arrows
Beqgin skvle: End style:

Beqgin size: End size:




Fill Effects

| Gradient ]’

Texture:

Other Texture...

Cwiith shaps
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- V| Sample:

Texture:

Gradient‘ Texture !Pattern Picture

Brown marble

Cancel

OK

Other Texture...

Rotate fill effect with shape
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% 3D Procedural Texture Editor — 0] =]

-

Texture Defintion Type: " 2D Image ™ 3D Procedural Enabled v

T exture Definition Mame;

— 30 Procedural Texture Parameters

— Function Parameters:
Frocedure; IIh|33l.-'-.lEzEz|:|
[~ F
. - B 1
Prewview —| =

Abort Lrefault Farameter Yalue: O
b irimnun Parameter Yalue: O

Opti =
L Pl b awimum Farameter Walue: O

nlzle i [Current Yalue: IEI saform

Help All

— T exture Caolors

— Perlin Moize Parameters: = Colond MHew
Dctaves of Hoise:  [6 :: EE:E: 3 Lopy
U=nsiee seelz R Colarmap Eilemnarne ¥ Hone Bename
Starting Frequensy: |1 I Select E
Texture Library Undao I Cancel I Ipdate I Jpdate And Eil

Figure 3: NuGraf's "3D Procedural Texture Editor”







Texture may also refer to:

* Texture (painting), feel of the canvas based on the paint used and its method of application

e Texture (visual arts), refers to the element of design and its application in art.

 Texture (music), a way to describe the overall sound created by the interaction of aspects of a
piece of music

 Texture (crystalline), the property of a material's individual crystallites sharing some degree
of orientation

* Texture (geology), the physical appearance or character of a rock

 Texture mapping, a bitmap image applied to a surface in computer graphics

e Texture (food), physical and chemical interaction of food in the mouth (Mouthfeel)
e Textures (band), a metal band from the Netherlands

* Soil texture, describes the relative proportion of grain sizes of a soil or any unconsolidated
material

« Texture (cosmology), a type of theoretical topological defect in the structure of spacetime.

* Character structure, various life experiences resulting in the "texture" of one's character

* Texture (roads), road surface characteristics with waves shorter than road roughness

e Textures (software), a well known software program to typeset TeX and LaTeX on Macintosh
computers

* Texture (image processing), a set of metrics calculated in image processing designed to
quantify the perceived texture of an image.

*  Microtexture of road surfaces

* Macrotexture of road surfaces

e Megatexture (roads) of road surfaces



http://en.wikipedia.org/wiki/Texture_(painting)
http://en.wikipedia.org/wiki/Texture_(visual_arts)
http://en.wikipedia.org/wiki/Texture_(music)
http://en.wikipedia.org/wiki/Texture_(crystalline)
http://en.wikipedia.org/wiki/Texture_(geology)
http://en.wikipedia.org/wiki/Texture_mapping
http://en.wikipedia.org/wiki/Mouthfeel
http://en.wikipedia.org/wiki/Textures_(band)
http://en.wikipedia.org/wiki/Soil_texture
http://en.wikipedia.org/wiki/Texture_(cosmology)
http://en.wikipedia.org/wiki/Topological_defect
http://en.wikipedia.org/wiki/Spacetime
http://en.wikipedia.org/wiki/Character_structure
http://en.wikipedia.org/wiki/Texture_(roads)
http://en.wikipedia.org/wiki/Roughness
http://en.wikipedia.org/wiki/TeX
http://en.wikipedia.org/wiki/LaTeX
http://en.wikipedia.org/wiki/Macintosh
http://en.wikipedia.org/wiki/Microtexture
http://en.wikipedia.org/wiki/Macrotexture
http://en.wikipedia.org/wiki/Megatexture_(roads)

Example

Brick Wall
Wooden Furniture
Mosaic Floor
Skins

Pineapple

Tyre

. Textures



Mapping may refer to:

 The making of maps, as in cartography, surveying, and photogrammetric
* In biology and neuroscience:
 Gene mapping, the assignment of DNA fragments to chromosomes

* Brain mapping, set of techniques to study the brain

* In mathematics:
« Map (mathematics), often a synonym for function

* Functional predicate, a logical symbol that may be applied to an object term to produce
another object term

* In computing:
 Data mapping, data element mappings between two distinct data models

 Level design, the creation of levels, locales, stages, or missions for a video game

 Memory-mapped I/O, hardware pretending to be memory

* Page mapping, or paging, in virtual memory systems
 Cache mapping, the mapping of main memory locations into entries of a cache (computing)

* Texture mapping, in computer graphics

* Device mapping, the assignment of |/O devices to file descriptors, file names, file numbers,
etc.

* Inlogic, linguistics, and psychology:

e Conceptual metaphor, an understanding one conceptual domain in terms of another
conceptual domain

* Metaphor, cross mapping across two or more seemingly unrelated subjects
* Analogy, inference from a particular to another particular


http://en.wikipedia.org/wiki/Map
http://en.wikipedia.org/wiki/Gene_mapping
http://en.wikipedia.org/wiki/Brain_mapping
http://en.wikipedia.org/wiki/Map_(mathematics)
http://en.wikipedia.org/wiki/Functional_predicate
http://en.wikipedia.org/wiki/Data_mapping
http://en.wikipedia.org/wiki/Level_design
http://en.wikipedia.org/wiki/Memory-mapped_I/O
http://en.wikipedia.org/wiki/Memory-mapped_I/O
http://en.wikipedia.org/wiki/Memory-mapped_I/O
http://en.wikipedia.org/wiki/Paging
http://en.wikipedia.org/wiki/Cache_(computing)
http://en.wikipedia.org/wiki/Texture_mapping
http://en.wikipedia.org/wiki/I/O_device
http://en.wikipedia.org/wiki/Conceptual_metaphor
http://en.wikipedia.org/wiki/Metaphor
http://en.wikipedia.org/wiki/Analogy

Example of Texture Mapping







Example of TextureMapping







Other Example
QO@@@@®CCCYYYYYYIff{fff

CEEEELEL

Result

QEPEPPEEPECEPOPAPEPPPEPEPEPEPEPEPEPEPPEPPEPPEPEPEP@@
QEPQPEEPECPOPAPEPPPEPEPEPEPEPEPCPEPPEPEPEPEPEPEPEP@@

QPEEEPEPOPEPEEPEPECEPEPEPEPEPEPEPEPEPPEPEPEPEP@@
FYYYY XYY YN Y YN YY YN Y YN Y Y YN Y Y NY Y YN Y YN Y Y YY Y Y Y Y XYY Y XYY Y XYY

YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY Y YYYYYYYYYYYY
¥YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY Y Y YYYY Y Y Y Y YYYYYYYYYYYYYY
CEEEEEEE CEEEEEEE CLEEEEEE CEECELEL e ceecreeeeceeeeeece
CEEEEEEE CEEEEEEE CEEEEEEE CLECEEEL €L ceccrreeeeceeeesecec
CEEEEEEE CEEEEEEE CEEEEEEE CLECELEL CEEECLLL ceccrreeeecteeeescc
CEEEEEEE CEEEEEEE CEEEEEEE CLECELLL CEEECLLL ceccrreeeeceeeesecc
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Parametric form of Texture Mapping

Now assume a co-ordinate (x,y) of texture mapping which to be represented in parametric
form of (p,q) using the mapping technique.

So in this case the mapping relationship can be established as :

p =Ax+B
qg=Cy+D
Where the constants A,B,C and D are obtained by using these relationship equations to some

known value of co-ordinates. These co-ordinates are normally obtained from the known
points of the corners of the texture map and the corresponding surface points.

There are many methods present and are used to generate this effect. One of the popular
such method is bump mapping method.

Bump Mapping(Roughness) : To add Color , Magnitude, direction with original color
attributes and used in Curve.
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Bump Mapping




Before Bump Mapping

After Bump Mapping




Displacement Mapping

* Bump mapped normals are inconsistent with actual
geometry. Problems arise (shadows).

* Displacement mapping actually affects the surface

geometry




Texture Mapping Characteristics

It is rendering (picture) technique.
Most real-life objects.
Roughness (Bump Mapping).

Add specified pattern but the surface still
appear smooth.

Rectangular Shape.
Different Colors.

ntensity
Shading



Band lllusion

/ Surface




Lateral Inhibition

* Biological word.
* Human Visual System.

e Lateral inhibition increases the contrast and
sharpness in visual response.
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RECAPITULATION

1. The act or process of recapitulating.
2. A summary or concise review.



Transparency



Transparency

Transparency is possible in a number of graphics file formats.

The term transparency is used in various ways by different people, but at its
simplest there is "full transparency" i.e. something that is completely invisible.

There are many different ways to mix colors.

Raster file formats that support transparency include GIF, PNG, and TIFF, through
either a transparent color or an alpha channel.

A suitable bitmap graphics editor shows transparency by a special pattern, e.g. a
chessboard pattern.



http://graphics.wikia.com/wiki/GIF
http://graphics.wikia.com/wiki/PNG
http://graphics.wikia.com/wiki/TIFF
http://graphics.wikia.com/index.php?title=Alpha_channel&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Alpha_channel&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Alpha_channel&action=edit&redlink=1
http://graphics.wikia.com/wiki/Bitmap_graphics_editor
http://graphics.wikia.com/wiki/Bitmap_graphics_editor
http://graphics.wikia.com/wiki/Bitmap_graphics_editor
http://graphics.wikia.com/wiki/Bitmap_graphics_editor
http://graphics.wikia.com/wiki/Bitmap_graphics_editor

A bitmap graphics editor is a computer program that allows users to paint and edit
pictures interactively on the computer screen and save them in one of many
popular "bitmap" or "raster" formats such as JPEG, PNG, GIF and TIFF.

Usually an image viewer is preferred over a bitmap graphics editor for viewing
images.

Some of the features common to many bitmap graphics editors are:
Select a region for editing.

Draw lines with brushes of different color, size, shape and pressure
Fill in a region with a single color, gradient of colors, or a texture.

Select a color using different color models (e.g. RGB, HSV), or by using a color
dropper.

Add typed letters in different font styles.

Remove scratches, dirt, wrinkles, and imperfections on photo portraits.
Composite editing by using layers.

Edit and convert between various color models.

Apply various filters for effects like sharpening and blurring.

Convert between various image formats .


http://graphics.wikia.com/index.php?title=Computer_program&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Computer_program&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Computer_program&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Computer_painting&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Picture&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Raster_graphics&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Graphics_file_formats&action=edit&redlink=1
http://graphics.wikia.com/wiki/JPEG
http://graphics.wikia.com/wiki/PNG
http://graphics.wikia.com/wiki/GIF
http://graphics.wikia.com/wiki/Tagged_Image_File_Format
http://graphics.wikia.com/index.php?title=Image_viewer&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Image_viewer&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Image_viewer&action=edit&redlink=1
http://graphics.wikia.com/wiki/Image_gradient
http://graphics.wikia.com/wiki/Image_gradient
http://graphics.wikia.com/wiki/Image_gradient
http://graphics.wikia.com/wiki/Image_gradient
http://graphics.wikia.com/wiki/Image_gradient
http://graphics.wikia.com/index.php?title=RGB_color_model&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=HSV_color_space&action=edit&redlink=1
http://graphics.wikia.com/index.php?title=Typeface&action=edit&redlink=1

Visualization of Data Sets




Visualization

* Visualization is any technique for creating images, diagrams,
or animations to communicate a message. Visualization
through visual imagery has been an effective way to
communicate both abstract and concrete ideas since the
dawn of man. Visualization today has ever-expanding
applications in science, education, engineering (e.g. product
visualization), interactive multimedia, medicine, etc. Typical of
a visualization application is the field of computer graphics.
The invention of computer graphics may be the most
important development in visualization since the invention of
central perspective in the regeneration period.



Data Sets

* A data set (or dataset) is a collection of data,
usually presented in tabular form. Each
column represents a particular variable. Each
row corresponds to a given member of the
data set in question. Its values for each of the
variables, such as height and weight of an
object or values of random numbers. Each
value is known as a datum. The data set may
comprise data for one or more members,
corresponding to the number of rows.



The following are examples of some common visualization techniques:

direct volume rendering

Streamlines, streaklines, and pathlines

table, matrix

charts (pie chart, bar chart, histogram, function graph, scatter plot, etc.)
graphs (tree diagram, network diagram, flowchart, existential graph, etc.)
Maps

parallel coordinates - a visualization technique aimed at multidimensional data
Tree map - a visualization technique aimed at hierarchical data

Venn diagram

Timeline

Euler diagram

Chern off face

Hyperbolic trees

brushing and linking

Cluster diagram or dendrogram

Ordino gram



Examplel: TABLE

l’lrcllmd Kmm: (Jun m

Item Description Pn«

Ttem Nums llml‘idnn

840000
| Shppeg Handiesg, Installabon, etc - $2000

I
l
¥
|

IGB EAM Mo&k for Compuater, '$ 5000

im Handing, Installation etc $ 1400
Parchased Equipments {(June, 2006)

An example table rendered in a web browser using &
HT'O'L;




Example2: MATRIX

mi-by-n matrix

8.j n columns —

m ]
MWW s
1,1 = R i1,z - - -
Sz 1 Sz, 2 2.3 - - -
'53.1 53.2 53.3 - - -
S pecific entrie= of a matrix are often =

referenced by u=ing pairs of =ub=cript=.

/4



Operation

BASIC OPERATIONS

Addition

Example

100

Scalar
multiplication

{31 [005 [140 340 145
Tl 50~

14+7 045 040

|

1 36
8 95 0

|

Transpose

).

1 8 -3] [2-1
4 -2 5| (24

2-8 2--3
2--2 2-9

|

2 16 -6
8 —4 10

12 3
0 -6 0 ~




TRANSFORMATION

Vertical shear with m=1_25_

Horizontal flip

—1 O
0 3

S

Scaling by a factor of 372

Rotation by 7w/ = 30°

[ )

sin(w/6) cos(w/6)

[cosor/s) = sin(w/rs)]

HERIA, 0F
HERIIAr

IIIII’




Example3: PIE & BAR CHART

.:...,.. P B o & s . 38 8 4 l E E

A pie chart for the exampled-
data.

20 — I 20 - 20 -~ I
15 - 15 15 =
I 10 - 10 I
5 I 5 5 I
o - I 0 - 0 - I
1 2

1 2 3 4 & 4 5 1 2 3 4 5

An exploded pie chart for &
the example data, with the
largest party group exploded.

Three zetz of data plotted uging pie chartz and bar charts. &
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EXAMPLE 4 : FLOWCHART

A simple flowchart for computing
factorial N (N%}




EXAMPLE 5 : VENN DIAGRAM

A Venn diagramefsets &, B, and C -




EXAMPLE 6 : TREEMAPPING

Jreemap showing changes in vwaiting
times for patients of English PC7=s. mage

released under Creative Commons by Incito
Ltd &




EXAMPLE 7- HYPERBOLIC TREE

7 ,’ ')'

A basic hyperbolic tree. Nodes in focus are &
placed in the center and given more room, while out

-cf-focus nodes are compressed near the
boundaries.

Focusing on a different node brings it and its &
children to the center of the disk, while uninteresting
J portions of the tree are compressed.




EXAMPLE 8: CLUSTER DIAGRAM

L L
. " .
s - - '_’— _‘ CRpten et winnw L )
s W . :
g : 3 .r.’.. SR * |
’ F b A { B Il D
L T ' o % - _— - J
| . J 3 - — - T
L) - . s . A p— o — i
. e ' el —_— ~— - '
» B . & ,.“ ¢ - — — A
4 VXA - - — - - -
' . ' s e | :
» ’ . - {1 € » I Q'
' —— —— .
3 Ry —— —
. . -

Comparisan diagram of

Astronomic cluster
sky scraper

diagram of the Messier 3 brainstorming
globular cluster

Biositemap diagram Cluster chartin

82



EXAMPLE 8: CLUSTER DIAGRAM

[crv_"

&
"

" "
|
f"* '
Ic w} Wk
\

(wwII_ i

Computer architecture Computer network Internet diagram System context diaaram
diagram of 3 PC diagram




EXAMPLE 8: CLUSTER DIAGRAM

]
]

shishelals & is

= |[&5
1 T _
:”E'*‘&j

lu
)

UNL Class diagram UML Component diagram  UML Composite structure  UML Deployment diagram
diagram




EXAMPLE 9 : PARALLEL
COORDINATES




Volume Rendering

Volume rendering is a technique used to display a 2D projection of a 3D
discretely sampled data set.



Radiosity

e Calculating the overall light propagation
within a scene, for short global illumination is
a very difficult problem.

* With a standard ray tracing algorithm, this is a
very time consuming task, since a huge
number of rays have to be shot.



Global lllumination?

area light source

z color bleeding

glossy
reflection

non-polygonal

soft | geometry

shadow




Radiosity

* For this reason, the radiosity method was
invented.

* The main idea of the method is

to store illumination values on the surfaces of
the objects, as the light is propagated starting
at the light sources.



- | Ray Tracing










Shadow

* A shadow is an area where direct light from a light
source cannot reach due to obstruction by an object.
It occupies all of the space behind an opaque object
with light in front of it. The cross section of a shadow
is a two-dimensional shadow, or reverse projection
of the object blocking the light.

* Follow the hidden surface removal concepts.
* Calculate the shadow volume.
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S B N2l g
b 2% o
w2 e @

Web Blue lcons Set Shadows
Blaok PDA isclated - front view of Fixel arrow hand 2D cursors point Relections Angled 1 - Angled...

modern pds on white with. .. on shadows - Fixel arrow. ..

- 2 -l - - ] & 2

Long shadow of man - Shadow of
man on dirt at sundown




Falm Tree Shadow on Beach

yellow sutumn tree leave with
snagdow izolatsd cver white. .




tics orush - multicolored...

me

in
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Shadow People

|

0705ARMWRESTLING 0705CELEBRATING 0705CLEANING 07035DIVING

0705DRAWING 0705FOO0TBALL 0705NEWSPAPER 0705PLAYINGCARDS

.

0705PLAYINGCHES 0705PUSHUPS 0705READING 0705RUNNING

(48}



Am

0705SHOPPING

2y

0705WATCHINGTV

Man walking

around thinking
about life

o

07055KATEBOARDING

.

0705WORKBOUND

people-003

%

0705STANDING

be

0705WORKING

¥

people-004

1A

0705TEACHING

s

K
i

people-001

t

people-005




COLOR ISSUSES



The painter's color wheel




Primary colors - the ““pure" component colors from which are mixed other
colors in a given color system

Secondary colors - equal mixtures of two primary colors

Tertiary colors - unequal mixtures of two or more primary colors

A painters primaries can be somewhat aribitrarily chosen, but redish,
yellowish, and blueish color primaries plus black and white often form the
core of a painter's pallette



CIE (Commission Internationale de L'Eclairage) XYZ tristimulus colors




RGB Color Space

« BEGB - Red. Green. Blue

1.1,0

Yellow )
0,1,0
Green

1,0,0

FRed
ﬂ:n|ﬂ /
Black

0,0.1
Blue

E.G.B color cube

E. G. B shders

Hardware displav oriented

Not terribly intuitive for mixing tertiary colors

o 0O o 0




R.G.B additive primaries

FE.G.B flashhght demo
B.G.B color wheel
R.G.B swatch demo



Subtractive primaries

A
SIN

« C.MY color wheel
o« C.MLY shders




« C.MNI.Y reflective surtace
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CMYK Color Space

« CMY(K) - Cvan. Magenta. Yellow. (Black)

1,1,0
1,1,1

Blue
/ /? Black
0,1,0 0.1,1
Red

Magenta

1,0,0

Cyan 1,0,1
/. Green
0,0,0 O (Y0,0,1

White Yellow

C.MLY color cube
Process printing oriented
Also not terribly intuitive beyond secondary colors




o CMYR.G.B slider demo, deally:

) C=RGB White - R
) M=RGB White - G
) Y =RGB White - B

But this 1 not true 1 practice,

Cyan = White-Red = Blue + Green

Magenta = White-Green = Red + Blue

Yellow = White — Blue = Red+Green

We can represent this as

C
M
Y

N~

\

/

-

-

1
1
1

\

/

-

The Conversion from RGB to

S:M\( is

R
G
B

/

-

-

R
G
B

C
M
Y

\

/

\

/
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Bits per pixel and color depth

The number of unique values a pixel can display is
based upon the number of bits of memory reserved
for each pixel.

» 1 bit/pixel = 2 values per pixel = B/W

» 2 bits/pixel = 4 values per pixel

* 3 bits/pixel = 8 values per pixel

* 8 bits/pixel = 256

n bits/pixel = 2 to the nth power




* Color can be added by mapping bits to color
primaries

A three bit (8 color) RGB scheme

0,0,0 = black
1,0,0 =red
1,1,0 = yellow
0,1,0 = green
0,1,1 = cyan
0,0,1 = blue

1,0,1 =magenta
1,1,1 = white



Percerved Attributes of Color

v Hue - the primary wavelength(s) of a color
o Lightness - the perceived immance of a color
o Safuration - the purity or vividness of a color



HSV Color Space

Computer scientists frequently use an intuitive
color space that corresponds to tint, shade, and
tone:

— Hue - The color we see (red, green, purple)

— Saturation - How far is the color from gray (pink is
less saturated than red, sky blue is less saturated
than royal blue)

— Brightness (Luminance) - How bright is the color
(how bright are the lights illuminating the object?)



HSV Color Space

* A more intuitive color space saturation

— H = Hue (Pure Cure) value

— S = Saturation (Purity of Colo

. Standajd  Custom
— V = Value (or brightness) Colors o
Hue Cancel
reen - review
T2 v =

N
e
N

%>
B Hus: [47 =] Red: [o06 = New
240 Sat: |16z = Green: v|218 E‘
/,_,-{'H Lum: |154 5‘ Blue: |90 2
0.0

1.0 Current

Black




