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Module Descriptions :

e Methodology teaching unit

e Subject: Image synthesis

e Level: First year Master

e Credit: 4- Coefficient: 2

e Semester: S2

e Hourly charge: 3 hours pgreek

e Assessment: Continuous assessment 40% + Exam 60%

objective:

eThe objective of the Image Synthesis module is to present different concepts
and techniques associated with this field, illustrating these notions through
practical applications.

eFamiliarization with image synthesis tools dedicated to the reconstruction of
3D images.

oAt the end of this module, the student will be able to create a 3D scene modeler,
thus covering several key aspects of image synthesis.

Recommended prior knowledge

Mastery of algorithms and a programming language and a good foundation in
geometry

References

e Foley, Van Dam, Feiner and Hughes. Computer Graphics, Principles
and Practice. Addison Wesley.

e Alan Watt and Mark Watt. Advanced Animation and Rendering
Techniques. Addison Wesley.

e RI Hartley and A. Zisserman, Multiple View Geometry in Computer
Vision, Cambridge University Press, 2000
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Chapter I Introduction to image synthesis

Mohamed EI Bachir El Ibrahimi University of Bordj Bou Arrerid]
Faculty of Mathematics and Computer Science
Department of Computer Science
Master |: Networks and Multimedia
Module: Image synthesis

CHAPTER -I-
Introduction to image synthesis

[.1. Introduction

Computer graphics refers to graphargated and managed by computers; it is a visual
representation (graphic) of information, data or knowledge.
* Infographics = graphic information

Computer graphics can be found in the following areas:
e Image Processing and Analysis: existing image.
e Imagesynthesis: image produced by calculation.

l.2. Image Processing and Analysis
|.2.1. Image processing

Image processing focuses on operations to modify or enhance a digital itsagbkjectives
include :

e Quality improvement: This may involve techniques suciis denoising, contrast
enhancementr image defect correction, toake the image suitable for analysis, and
Improve image characteristics to facilitate its interpretation

« Image transformation: Operations may include compression, restorationfikadng to
produce a modified image that retains or enhances visual information

The results of image processing are usually other images, often enhanced compared to the original.

Original image |—»| ——| Enhanced image

Buissasoid abew|

Here aresome key aspects of image processing
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1.2.1.1. Color spaces

Images can be converted betwekdfierent color spaces, such as RGB, HSV, YUV, etc.
For example, converting an RGB image to HSV allows for separate manipulation of hue,
saturation, and luminance. Converting to YUV allows for information to be retained in one
component, while the other tacomponents contain detail. This space is beneficial for image
compression.

ey

- YUV image - - Image U- - Image V -

| !!Ifg
LT

Y &) ' =% =
- Grayscale Image - Original image - - Binary image -

- the red, green and blue components

1.2.1.2. Arithmetic operations
Simple mathematical operations (+,/), can be performed on the elements of two images.
Let the image Imgl and Img2 be
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Such as :

Img1 - img2 Imgl *2.5

1.2.1.3. Logical operations

Logical operations on images, such as AND, OR, XOR, and NOT, are also common
in image processing. These operations are often used for taskasoasking or combining
multiple images.

Let the image Imgl and Img2 be

Imgl and Img2 Img1 or Img2 Img1 xor Img2

Not Imgl

[.2.1.4. Contour detection

Edge detection is a technique used to identify points in an image where there is a
significant change in light intensity. These changes often indicate important discontinuities
in the image, such as the edges of objects,

- Laplacian Contour -

- SobelContour -

- Original image - - Canny Contour -
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1.2.1.5. Image segmentation

Image segmentation is a technique that divides an image into homogeneous regions to
identify relevant objects or structures. It separates pixels into classes based on thresholding.

- segmentation with multiplethresholds - segmentation with a single threshold

1.2.1.6. The histogram of the image

The histogram of an image represents the distribution of pixel intensities, which allows its
contrast and brightness to be analyzed.

e Histogram normalization
1000
500
0

1500
1000
500
0
0 50 100 150 200 250 0 50 100 150 200 250

- The original image and its histogram - The Normalized Image

1500

) o - the original image and the normalized
e Histogram equalization fanm

1400

> LYRYONE i -‘
/o (s 1200

y !
A o V' 1000
\ " 8 iR 300
M T % 600
fu ks & 400
B 200

y e
0 50 100 150 200 250

- The original image and its histogram | The Equalized Image

|.2.2. Imageanalysis

Image analysis involves recognizing features, extracting, and interpreting information

contained in an image. It involves using a computer to understand the outside world through
images.

e Recognition and classification Identify objects opatterns within the image, as in facial
recognition or barcode reading.
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Chapter I Introduction to image synthesis

« Data segmentation and extractionDividing an image into meaningful parts to analyze

specific features such as Pattern Recognition and Computer Vision

Image analysis aims to understand the content and context of the image,
sophisticated algorithms to automate these processes.

Deci si

I dent i1

Picture —> — Objects

Number

sIsAjeue abew|

Sur fac

1.2.2.1. The stages of ammage analysis system

often using

on

ficati o

An image analysis system typically follows several steps to process and interpret

visual data. Here is a description of these steps:

Acquisition Image analysis
f 1 f B 1
Image Image . Svyst Decision
Pretreatment Extraction of yS em
E —»{ bully —»| pretreated Foatures Decision
making
| J Base

Image processing of knowledge
Decision
1.2.2.2. Comparison between image processing and analysi

o Image processing:

-We read the pixels

- We modifytheir values

- We identify contours and regions

-So, we remain in the realm of the image.
o Image analysis:

- We try to find the objects

- We try to understand the image

- We extract information and make decisions

-So the imagés a tool to access reality

1.2.2.3. Areas of application

Image analysis is a very versatile discipline with applications in various fields. Here

are some of the main areas of application:
e Industry and Automation:

o Quality control: Automatic inspectiorof products to detect defects, Assembly

conformity control (absence/presence/position).
o Appearance control:scratches, holes, color, texture
o Dimensional: length, width, diameter, angle, geometry.
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Chapter I Introduction to image synthesis

e Face detection and identification: These techniques aenéal for applications such
as public safety, biometric authentication, and surveillance systems

Example of facelocalization and detection

e Biometric fingerprint identification is a recognition method that uses the unique
characteristic®f fingerprints to authenticate or identify a person.

Example of a fingerprint

e Optical Character Recognitiois a computer system that transforms digitized
documents, such as images of printed or handwritten text, into editabt®pditer
readable text

] FreeOCR.net =|E
File OCR Settings Help
é / ) P OCR Language eng -
i Scan Open OCR
> 8 | This page was prepared using Microsoft - ”
-« Word /
= printed then scanned @ 200 DPI
4 .. | Times New Roman
. Sl “The quick brown fox jumps over a lazy dog”
“The quick brown fox jumps over a lazy dog”
@& “The quick brown fox jumps over a lazy dog”
=Y Arial
“The quick brown fox jumps over a lazy dog” = =
o “The quick brown fox jumps over a lazy dog”
“The quick brown fox jumps over a lazy dog”
< The phrase above uses all letters from the
% alphabet
& FreeOCR.net

Opti_cal Character Recognition
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|.3. Image synthesis

Image synthesis, also called computer graphics or digital imaging, is the process of
creating realistic images artificially from basic objects and mathemataoalels using a

computer,

Poi:

Lin Objects —> — Picture

Pol yg

5ISaYIUAS abew|

Realistic 3D scene

1.3.1. Image synthesis model

A computergenerated image model is a set of digital representations used to create
computergenerated images. Here are the main elements that make up these models.

Lighting .
S
i’f Scene
Observer
\

Séreen / Image

+ Scene A 3D scene is a set of objects created in three dimensions using 3D modeling
software. These objects cha simple or complex geometric shapes,

« Lighting: (light sources and lighting moddl)ghting in a 3D scene is essential to create
a realistic atmosphere and highlight objects.

» Observer. position, direction of observation, movement.
» Screen / Image captureof the observed scene, 3D/2D projection.

1.3.2. The process of creating a computegenerated image

The process of creating a computgEmerated image goes through several stages
(Graphic Pipeline)

1. Geometric modeling of scene objectsBehind a digitalimage is often a
geometric model. It is a data structure containing more information than the final
image.

2. Placing objects in the scenerefers to the organization and positioning of
elements in a thredimensional space in order to create a coherent Visua
composition (geometric transformation).

3. Display transformations: are a set of mathematical operations used to convert a
3D scene into a 2D image that can be displayed on a screen. They take into account
projection, the position of the observer (cameead lighting effects to make a
scene realistic and understandable.
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Chapter I Introduction to image synthesis

4. Visualization of the scene A collection of techniques used to display a scene in
a comprehensible and realistic way. This includes rendering, managing hidden

parts, applying textures andolors, and other visual effects to enhance the
appearance of objects.

1.3.3. Areas of application

Image synthesis used in many areas:
e Creation of 3D cartoon films, example:

j’jy’ ‘ F@nsrézp ‘PIXAR

2 ToY

Toy Story (1995) Shrek (2001) NEMO (2003)

e Creating Special Effects in Film: Special effects refer to the use of artistic, mechanical, or
digital techniques to create visual or audio effects that cannot be easily achieved under
normal filming conditions.

|
¥

Avatar King Kong

e Computer Aided Design (CAD): is used to design virtual 2D or 3D models, allowing
designers to visualize and simulate products before their physical manufacture

e 3D Game Design
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e Simulation: Flight and cadriving simulator, Flight simulators are devices designed to
artificially recreate the experience of piloting an aircraft in a virtual environment

— _._.\\

e 3D architecture refers to the creation of virtual thdeeensional models of physical
objects, suclas buildings, interiors, or exteriofBo visualize and simulate projects before
their physical construction.

e Virtual reality is a technology that simulates compigenerated thredimensional
environments, allowing users to interact with theiseironments in a realistic way.

9
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CHAPTER -lI -
Geometric modeling

[1.1. Introduction

In the process that leads to the creation of a comygdreerated image. The first
step consists of introducing into the computer memory the information necessary for
defining the scene.

Obviously, these data mudte structured for their efficient exploitation by
visualization and rendering algorithms. Modeling is precisely the study of the structure; this
study is the set of methods, tools and techniques used to describe and visualize 3D objects.
Therefore, geometr modeling is one of the first steps in the process of creating a computer
generated image. It consists of creating objects and placing them in a Cartesian coordinate
system.

There are several modeling models that appear according to the need andcthity diff
found in representing the objects well is very complicated.

At the beginning, we represented the objects by points connected by lines, this
is the wireframe representation, but this representation does not give the properties of
the objects and thdisadvantages of this model then led to the close by facet and
surface, this modeling allows to take into account the geometric properties of the
objects conceded, this approach was still imperfect, in particular for the automatic
verification of the constency of the objects created, which led to the development of
volumetric models onow both geometric and topological properties are taken into account.

The demands for computgenerated images for audiovisual purposes show the
limits of these models; geems difficult to represent natural objects such as trees and fire
using classic geometric primitives such as the cube and the sphere, so it is necessary to
develop a model that represents the outline of the object witlcgetss.

I1.2. Classification of models

In the following we will cite the different models of representation of objects wareh
classified according to the need for synthesis:

1. Wire frame model

2. Facetedmodel

3. Surface model

4. Volume model

5. Fractal model
11.2.1. Wireframe model

This modelis the first model that was used in image synthesis, imtbdel, we only
keepthe coordinates of the points (vertices) and the edges that connegbthie.

10
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Cube Sphere

A cube and a sphere represented by a wireframe model

[1.2.1.1. Advantages

The wireframe model is a very simple model because it requires a little memory space
on the computer, in particular the visualization of the scene represented with this model is
done very quickly.

[1.2.1.2. Disadvantages
1. Ambiguity, nothing distinguishes emptiness from fullness.

-« -

(b) (a) (c)
Ambiguity

2. The ability to create solids without any physical sense.

Objects without any physical meaning

11
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3. The difficulty of solving the problem of eliminating hidden parts.
4. The inability toperform certain calculations such as volume.

11.2.2. Facet (polygonal) modeling

This model represents the next step in the evolution of 3D modeling, it allows objects
to be defined by associating surface elements with a contour limited by edges.

Thefacet approach is superior to the wireframe approach, however it has weaknesses
and integrity and consistency issues that can arise since each surface is described
independently of the others.

The transition from the faceted model to the wireframe mdebvious, just browse
the list of faces, but it is impossible to transition from the wireframe model to the faceted
model.

] Facets vertices:

A 1_2_3 4
B 2 3 6 7

2 4 € 3.4 5.0
D S 8 5 4
E 1 8 7 2
F 8§ _7_6_5

5

Representation of a cube by facets

11.2.2.1. Advantages
e If the facets constitute the outemvelope of a firm volume, it is possible to define the
interior of the object.
e The faceted model is capable of processing almost any shape.
e The faceted model allows the introduction of rendering algorithms, and the elimination
of hidden parts, texture.
e The faceted model is very simple to implement.

[1.2.2.2. Disadvantages

e Their disadvantage is the lack of quality of modeling, especially for rounded objects.

e Approximating rounded objects (e.g., spheres) with a polygon mesh is often a waste of

either thememory space needed to store the individual facets, or the time needed to

construct the object, because each facet is created independently of the other facets.
[1.2.3. Surface modeling

This model allows to define very complex surfaces using mathematietlods of
surface approximation, several types of surfaces can be inssaface models, such as
surfaces of revolution, Bézier surfad&SPLINE surfaces.

12
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The surface approach is better than the facet approach, it raises the difiirality
represent rounded objects like sphere by isolated facets and replace it by sets of facets linked
by mathematical and algorithmic relations.

The surface approach uses the facet model as a basis.
11.2.3.1. Advantages

e Makes it easier to build objects with mple faces, reducing thabject processing time and
allows creating smooth objects.
e This model is characterized by the great flexibility of modifying the created objects.

11.2.3.2. Disadvantages

This model uses mathematically calculated connecbehseen faces, which
requires a lot of calculation, which can be tis@suming.

11.2.4. Volume model

This approach describes and visualizes solid objects such as parts or mechanical systems. With
this model, objects are considered as whole entitiespbasran assembly of polygons as we saw
with the surface model and the faceted model. Here, the object is defined by parameters, for
example, a sphere is defined by its center and radius, a cube is defined by the six planes that delimit
it.in space.

[1.2.4.1. Advantages

e This approach makes it easier to create scenes, because here we work with an assembly of
objects, but not with an assembly of surfaces.

e This method is less expensive in memory space for a sphere, it is enoungmtrize

its radius andenter.

[1.2.4.2. Disadvantages

e Lack of flexibility for making retouches because to make a retouch you have to insert
objects, whereas it is enough to insert a surface in a surface model or avirefraome model.

11.2.4.3. Types of solid (volume)yepresentation

In this chapter we examine the different representation schemes, citing the two main types
of representation

11.2.4.3.1. Construction tree (Constructive Solid Geometry CSG)

He This is one of the most used representations in image synfoesie modeling of
threedimensional objects.

11.2.4.3.1.1. Principle

The construction tree combines solids by means of set operations, in this method we
obtain scenes created from the combination of several basic elementary objects (sphere, cube,
etc.) by Boolean relations (union, intersection, etc.).

13
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So the structure naturaliy a tree whose nodes are Boolean operations and whose leaves

are primitive objects.

Finally, geometric transformations can be used to modify the sheets to which they are

associated (translation, rotation, etc.).

e ©
=11\

11.2.4.3.1.2. Combination laws

These are Boolean laws that apply between two primitive objects to create a new solid.

If A and B are two primitive solid objects, we can have the following objects

e AUB: set of points belonging to A or B.

e AT B: set of pointdbelonging to A and B.

e A — B: set of points belonging to A and not B.

e A IN B: set of points belonging to A located in B.

e A OUT B: set of points belonging to A located outside B.

e A ON B: set of points belonging to A located on the border of B.

11.2.4.3.1.3. Advantages

The representational power of images with construction tree is directly linkeahtontiver

and quality of available primitives
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B
A
AB combination
B
A

Combination AUB

Example of application of logical laws

e Theresulting image contains no ambiguity.

e There are several ways to represent the same objects, but the construction tree is not
unique.

e This method makes handling easier for the user.

e This method can be considered as a language of interaction betweerethendsthe
computer.

11.2.4.3.1.4Disadvantages

o The constructiontree does not explicitly describe the contours of the represented
object (resulting).

11.2.4.3.2. Representation by border (BREP)

o Boundary REPresentation {BEP) has been thest volumetric representations used
in image synthesis.
11.2.4.3.2.1Principle
Its principle is based on the representation of solids by their boundaries, the boundary

includes all faces that limit the solid, all edges (line segmentacs of curve) of afiaces,
and all vertices which determine the edgesabid.

15
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Border Representation (HRep)

F2

77

11.2.4.3.2.2. Advantages

o This representation allows for faster calculation of mass, volume, etc.
o This representation makes it easier to solveptioblem of eliminating hidden parts.

11.2.4.3.2.3. Disadvantages

o There is a great difficulty in modifying objects, because every modification of the

object requires the evaluation of the object, It must be a solid.

Al

Fl A2
| A3 Si
F2 A4 \Y
A5 | S$3
F3 Ab S4
Boundary modeling A7 S5
of a cule F4 A8 S6
A9 S7
| F5 | AT0 S8

F6 All Summits
Faces Al2
Edges
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[1.2.5. Model by fractal object

Fractals have made it possible to model a number of objects or natural phenomena such
as mountains, trees, clouds... Fractals can be seen as the representation of the same simple basic
pattern at different scales of magnitude; in other words, each part of the drawing contains the
initial shape. From an algorithmic point of view, this works very well thanks to recursion, and
thanks to this recursion, this model is also called a recurspge|.

| Basic pattern

I

|

I|I_|_I|I
|

Construction of fractal objects

[1.6. Spatial enumeration model
A solid is represented by a list of 3D cells occupied in space by the object. The cells,
called Voxels, are cubes of fixed size.

Voxels = Volumetric pixel: refers to the pixels of 3D images

We store in a dlimensional matrix a full or empty piece of information for each
elementary cube of space.

st he associated cruebgei orm pc
An el ement o° solid

Ot he cube oifs tnhoe
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[1.6.1. The Advantages

o The Voxel model makes it possible to easily and efficiently construct new objects
based on these binary arrays, and to efficiently evaluate different measurements of the
object.

o This model is arapproximate representation of the object. The voxel size can be
reduced to increase the accuracy of the solid representation.

[1.6.2. Disadvantages

o Increasing the accuracy of solid representation requires a significant amount of
memory space.

11.6.3. Storage structure

To improve the data storage operation in this model, {Qeexdtreesand Octrees

11.6.3.1. Quadtree

A quadtree is a representation of a 2D object based on the recursive subdivision of a
square into four equalized squares (quadrants). édch stage of the recursive process, two
cases are possible:

1- The object does not completely cover the quadrant; it is then subdivided into four new
squares

2- The quadrantis full or empty; the subdivision is then stopped and the quadrant is marked
as “(flwl l1o’r “empty” (0).

11.6.3.2. Octree

The Octree is therefore an extension of the Quadtree to three dimensions to encode
solids. A cubic region is recursively subdivided into eight octants (cubic regions).

The use of octal trees allows us to presenbtijects by cubes of variable size, in this
case, we do not memorize all the Voxels, we create an octal tree to save memory.

Example: from octree

I1.7. Scanning modeling

A volumetric object is defined as the volume swept by a surface dunmgy@ment in
space. This surface is a closed curve. What the model memorizes is the contour and the
trajectory, the trajectory can be a straight line segment or a portion of a curve, we can distinguish
several types of sweep

18
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[1.7.1. Translational scans

An object defined by translational scanning is obtained by translating a 2D region "C"
along a vector "T" and by a distance "d". The plane "P0" of the curve is called the base plane
and the plane "P1" at a distance "d" is the veptare.

lan de sommet

plan de base

Translationakcanning

[1.7.2. Rotational scans
Rotational scanning objects are obtained by rotating a 2D region "C" around an axis
"A". Two elements are important in such a surface: the base point "B" and the radial function

"r(s)".

Rotationalscanning.
[1.7.3. Conical sweeps

These sweeps at the origin of the <cones
with scale transformation towards a vertex S.

plan de base

Conical sweep
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CHAPTER -lII -
Curves and surfaces

[11.1. Introduction

Displaying curves oturved surfaces is one of the first problems of all graphics systems.
It is often necessary to draw a curve or curved surface to obtain a modeling of objects closer to
reality having a contour formed by a set of curves. The created objects have a goft sha
compared to the angular shapes obtained from straight segments, the drawing of curves having
several advantages like

The curve is stored more efficiently in memory.
Its tracing is more precise (no breaking effect).
There is no need to interpolatetween control points.

Changing the curve's shape is easy_
A curve utilization method can meet the deformation needs.

I11.2. Classification of curves

Curves are divided into three main classes.
e Non-parametriacurves: implicit or explicit.
e Parametricurves
e Fractalcurves

[11.2.1. Non-parametric curves

[11.2.1.1 Explicit

e An explicit curve is defined by the form y = f(x) such that for each valuehar is
only one value of y, it is impossible to obtain a closed curve, the general form of ayteme
IS:

Y=Co+CiX+ C2 X2 £Xn +
[11.2.1.2 Implicit
e An implicit curve is defined by the equation f(x,y) = 0, such that for each value of x

Y

.. =x2+1 . .. 2 22—
Explicit curve 3 implicit curve x*+y*-R*=0
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there are several value$y, and the same thing for x, and it is possible to obtain a curve
closed. thageneral form of plane curves such as:

e Circles: x2+y2R2=0

/such that R ithe ray
e Ellipses: (x2/a2) + (y2/b2)
e Hyperbola: (x2/a2) (y2/b2
e Parabola: (2*p)*x- y2 =

X
g

X
Multiple value ofY for a value of X

I11.2.2. Parametric curve

e It is a curve defined as a function of an additional variable t without any particular
meaning called parameter. For each valtie we determine a point belonging to the
curve, the general form is given as follows:

w Qo0
w Qo
a Qo

e Any nonparametric representation can be trivially converted into a parametric form,
we simply set one variable as a parameter and expeesshi#rs in terms of it.
- Non-parametric: y=x2+1
- Parametricy=t2+1, x=t
e A better plotting of a curve is obtained from these parametric equations than from these
norn-parametric equations
[11.2.3. Fractal curves
Fractals are constructed from repeati@gic line segment patterns. At each iteration,
all the trace segments already obtained are each replaced by the basic pattern, so they have an
angular shape.

| Fractal curve

Polygonline Y
Basic pattern I
\/

Fractal curve

Basic pattern : :
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[11.3. Special case of parametric curves

These are in fact curves whose shape we know quite well, but not the equation, the
problem to be solved is formulated as follows: given some points addbedcteristic control
points of a curve, we construct all the information necessary to visualize the curve, among them
there are three typessentials:

1. B-Splines P2 Polygon Line

2. The Béziers Checkpoin
3. THEB-Splines

Definition of a Spline

These three curves are special caseSpline curves, they are approximated by a
sequence of points or by a sequence of straight line segments

The Spline does not necessarily pass through these control points, but it is guided by
them, we actually distinguish two types of Splines

1- Splinesof interpolations: Who pass through all the checkpoints.
2- Splinesof approximations: which do not pass through checkpoints, but pass through
points close to them.

[11.3.1. Properties of Splines

1. The control points completely determine the shape of the Spline

2. Generally,are represented by a parametric function which we find faalae of X
of multiple valueof Y.

3. The shape of the Spline curve is independent of the axes, it does not change if the system of
coordinatess changed by translation or scaling,rotation.

4. This Spline representation allows local or global control of the curve depending on the
user's needs.

5. This representation prohibits uncontrolled oscillations between control points.

6. This representation guarantees great flexibility to be abtesaribe many different
curves

7. The order of continuity of a spline in general is a mathematical measure of its elegance.
A curve is said to be Ck if it is continuous and if its derivatives of order 1 to k exist and are
continuous. The higher the orderaaintinuity, the smoother it will be.

A

%

> >

No swings allowed Independent of axes

2 2
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[11.3.2. Parametric equation of a Spline

The parametric equation of a Spline is defined by an auxiliary variable t, and by the
functions Fx(t), Fy(t), Fz(t) whichllow the curve to be described.
For Splines, the functions Fx, Fy, Fz are defined by polygons of the type:

00 wo w 0o E o &
00 wo w 0 E w0 w
00 ®O @ 0 E ©0 o

The degree n of these fuimts is called the Spline degree, in particular

- Alinear spline is of degree 1
- A guadratic spline is of degree 2
- Acubic spline is of degree 3

111.3.3. Bézierscurve

[11.3.3.1. Definition

e Itis a curve approximated by several straight line segmentiseoBéziers type, the
segments of the curve pass through the ends of the polygonal line used to define the curve

but not through the other vertices which only serve to model its shape.
e The order (d) of the Béziers curve being equal to the number of \vertioceis one

3

o
>

e

O
R

Bezier curve segment of order 3

e Generally speaking, a Bézier curve can be defined from (d+1) control Pointsirying
from O to d by:

A o 065 0

With O
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[11.3.3.2. Properties of Béziers curves:

e Are not modified by a change of axes.

e Take a shape naturally linked to the position of the control points.

e They are not locally controllable, as changing a control pdistupts the entire
curve.

e Do not pose difficult continuity problems at the connection points.

e Are relatively simple, it is better to subdivide the curve than to add control points.
e Have a degree which increases with the number of control points, ontlike o
hand the Bernstian polynomials are easily calculable since they are explicit.

e A Bézier curve always passes through both endpoints of the polygonal line.

S

Modification global following a movement of a control point

[11.3.4. B-Splines Curve
[11.3.4.1. Definition

B-splines are a family of curves that are particularly interesting because they are
entirely defined by a succession of control points, and are often usg@tinBs are defined by
(d+1) control point Pi , i<=d , and described by:

Ca
o
Ca
C:
5¢
o

Or the Ni,kare the polynomials of degree-1k defined by

.. Ug 0 pi @& O (‘}Qp

OO T OQaaQoi i

v, , 0 b’Q " , (‘}Q’Q ) 0 . ,
"U"ﬁQO ‘N—‘U"fn 0 - < U"Q fo 0
Lp Ogqo Og P Coop Oqp PrEsp
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,"?2 "p2 ...... ) P3 P3M-' AR :,' P2
"'/\\’ |:4 ,'/\ P, /A T o
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¢ o S Y
t=0 . P3 =0 .,—'
=
Curve segment 8 Splineof order 3

[11.3.4.2. Properties of B-Splines curves
¢ Are not modified by a change of axes.
Take a shape naturally linked to the position of the control points.
They are locally controllable, it is sufficient tepresent a curve or surface model

simply by adding enough control points, therefore the connection problem does not
really occur.

e Have a degree independent of the number of control points, but the (Ni, k) polynomials
are not explicit and must be computedursively.

C\DO

The effect of moving a control point in the BSpline curve

I1l. 4. Surfaces
111.4.1. Definition

The surface model describes the object by surfaces, the surfaces are naturally described
as a generalization of the curves stugieglviously to create smooth objects.

A surface S can be defined by its parametric equations:

@ "Oih
® Oim
W Oih

S, t are two parameters that can take any value in the domain of definition of the surface
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111.4.2. Bézier surface

Bézier surfaces are also easily defined with (n+1)(m+1) control points, a point p(s,t)
with coordinates x(s,t), y(s,t), z(s,t) belongs to the curve if:

¢ )
o‘
(00]

P4

n iho Nro K

Surfaces

Bézier surfaces

[11.4.3. B-Spline Surface

They are constructed in the same way as Bézier surfaces. They are defined by the tensor
product of two BSpline functions, one for each s and t coordinate, allowing-thireensional
surfaces to be describethe formula is given as follows:

nim NgOg | O O8ildN Tip

¢

Surfaces % P .
_— e heckpoints

B-Spline Surfaces

I11.4.4. Fractal surface

Fractal surfaces can be used to model fractal objects, by repeatingéesies, as we have
already seen for fractal curves, for example we have the creation of a terrain
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We can use a rectangle as a base, for each vertex of the rectangle we determine four random
numbers representing the heights, which allows us to repr@senface and create a level 1 object

The base is subdivided into four stdzrtangles, which leads to the creation of five new points.
Each point is assigned a height using random numbers in the same way. The process of creating the
fractal object continuguntil the desired terrain is obtained.

Recursive construction ¢dind
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CHAPTER -IV -
Geometric transformations

IV.1. Introduction

To observe an object properly, it is often necessary to be able to enlarge it and rotate it or change
the point of view (moving the observer). These properties are available and are achieved by geometric
transformations, and in this chapter we will talk about the principle of transformation in space and in the
plane, and about the different types of transformation that are necessary to model and visualize 3D scenes.

IV.2. Definition

Geometric transformatiois an application such that for an initial point M of the space or the
plane, we associate a final point M' of the space or the plane the latter is called image of M

M'=T(M), T is a geometricapplication
T:MAM
IVV.3. Homogeneous coordinates
IV.3. 1. Definition

Generally speaking, all points in the space (X,Y,Z) have as homogeneous coordinates the
quadruplet (X, Y, Z, 1), or any quadruplet (X, Y, Z
corresponding to the point in the space (X/t,Y/t,Z/t)

So if wehave (X, Y, Z) point in space and (X', Y' Z") its opposite in homogeneous coordinate
then we have the following:

W 7o
W wio
w W7o

Noticed:

For geometric transformations in the plane, they have the same characteristics as in space. It is
enough ¢ eliminate the third Z coordinate to obtain the desired transformation.

IV.3.2. Properties of homogeneous coordinates

e Homogeneous coordinates allow a point at infinite distance to be represented in a simple
way by a homogeneous vector [X, Y, Z, 0] frovhich the scale factor is zero.

¢ In homogeneous coordinates all basic geometric transformations are represented in
matrix form, matrix calculation allows to manipulate in a very simple way all
transformations of the plane or space.

e Using homogeneous coordites helps limit numerical divisions.
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To obtain an entire representation of rational values, for example the point (0.2,1.1,2.5)
can be represented in homogeneous coordinates by (2, 11, 25, 10).

To avoid overflow problems on the machine, for example imtegiee coded on 16 bits,

the point (40000, 25000, 12000) can be represented by (4000,2500,1200,0.1) in
homogeneous coordinates

IV.4. The different geometric transformations
IV.4.1. Definition
1. Pis a point of plane represented in homogeneous coordinates tyordinates (X,Y,1)

or the vector [X,Y,1], or of space represented in homogeneous coordinates by the
coordinates (X,Y,Z,1) or the vector [X,Y,Z,1].

. P'is the transform of P according to the geometric transformation represented in the plane by

the homogeneous coordinates (X',Y',1) or the vector [X',Y',1], or of the space represented in
homogeneous coordinates by the coordinates (X',Y',Z',1) or the vector [X',Y',Z2',1].

IV.4.2. Translation

Translation allows the movement of an object in any directione ifvant to place the object in

a position. Norzero translation factors are required.

IV.4.2.1 In the plan

The translation is an application T such that:

T:P34 P3
(x,y,14 (x',y',1)

For the translation of a point P by the value (dx, dy, 1) we have:
1- The translation matrix in homogeneous coordinate is given by

p T T
"YQw QW p m p T
QwQw p

Such as L& wee p W wpzyY

2- In linear terms the translation formula is given as follows:

O O AQ

® W Qw

3- The inverse translation is givenlilwmogeneous coordinates by the matrix

o) T T
Y QuQwop 11 p T
Qw Qwp

Where dx, dy are the translation factors

Y A

Translation and reverse translation
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Chapter IV: Geometric Transformations

Thetranslation is an application T such that:
T:P4A4 P4
xy,z,148 (xy',z',1)
For the translation of a point P by the value (dx, dy, dz, 1) we have:
e The translation matrix in homogeneous coordinate is given by
P Tt m Tt
Tt P m T
Tt Tt p T
QO QwQap
Such as tee 6B O p W wapzy
e In linear terms the translation formula is given as follows:

® O Qw
O ® Qw

YQuQwQa p

e Theinverse translation is given in homogeneous coordinates by the matrix
p Tt Tt Tt
o N Tt Tt Tt
Y QwQw Qap P
) Tt Tt P Tt

Qb Qo Qap

Where dx, dy, dz are the translation factors

3D translation of a cube

IV.4.3. Changeof scale

e This operation will help us to enlarge or reduce the dimensions of the object in 2D or
3D, we just need to multiply each component of each vertex by a coefficient (scale
factor)

If you want to enlarge thebject, you need a factor greater than 1

If we want to reduce the object, we need a positive factor and less than 1

We have a different scale factor for each axis, if the factors are not equal then we get a
deformation, on the other hand if the factors emeal then we have a uniform scale
change
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IV.4.3.1. In the plan

The change of scale is an application E such that:
E:P44 P4
(xy,z,14 (xy',z',1)

1. Relative to the center of the origin O

e The transformation matrix into homogeneous coordinatgivén by:

Ow m T
00w Owp m OwTm
m T P

Such as wee wee p W w pzO0¢
e In linear terms the scaling formula is given as follows:
w 08w
W 06w
e Theinverse scalingis givenino mo geneous coordinate provi
by the matrix

pfOw m 1
0¢ OwOwp m pIOw T
Tt T P

Where EX, Ey are the scale factors

o
.....
.....
---

G

-
-
v
l‘..
0'.‘
o
R .
.
g o
.....
1"
’
o
"
.
o

0 b
Change of scale center to origin

2. Relative to the object center C

The change of scale by aenter different from the origin (Ec) implies a change of
reference, to carry out this transformation it is necessary to bring the center of change of scale
back to the origin by a translation, and after the change of scale to the origin, the centighits bro

back to its position by the inverse translation
e The transformation matrix into homogeneous coordinates is given by:

Ow 1 T
OWO®Oow p T Oow Tl
6ap Ow 6uap Ow p

Such as L& w2 p W 0w pzC
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e In linear terms the scaling formula is given as follows:
W Oww 0w 0w
w Ownv 0w 0w
e The inverse scaling 1is given in homogeneceo
by the matrix

pFO w 11 T,

T pFO w .

S i ,
Oe OwOwp 156 00 Bdap On
U Own on Pu

Such that CxCy are the center coordinates, Ex, Ey are the scale factors on X and Y axes respectively.

AY

Change of scale relative to the object center

IV.4.3.2. In space

The change of scale is an application E such that:
E:P44 P4
(X,y,Z,l)q (XI’yI’Z'11)
1. Relative to the center of the origin O(E0)
e The transformation matrix into homogeneous coordinates is given by:

G VRN 1 B | R 1
0¢0n O Ogp 'M Qw m m
‘ Um m Od& il
u U
Such as tee ¢ O p (bo'o('pr’OT?F m no
e In linear terms the scaling formula is givenfalows:

W 0B
w OB
W O&w
¢ The inverse scaling 1is given in homogeneo
Ez#0 by the matrix
Foe T LY
L p |
~ T Ny TU T
Oe¢ ] Ow l
L) T m Py
U i n pVY
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vA YT

—
x>
z Z/

Change of scale at the origin

2. Relative to the object center C(Ec)

¢ The center scaling matrix C (C#0) in homo

~ YO0 Tt Tt d
. . L, . , 11 0 h i
O Qw Oa p 1 n oU OT[' T[:’.
I Tt Tt YoU TG,

Suchasoee o ® p © wgme(T@w 6ap Ow 6ap 04 pU
e In linear terms the scaling formula is given as follows:

(14 A} |14 \

® 0@ O 6w 0w
® 0@ ® 60w 6
W o0& ® 64 6a
e Theinverse scaling change provided that Ex, Ey and Ez are not zero, is given in
homogeneous coordinates by the matrix:

Y

~ O n n )
11 TT p T T[I-,I
o~ 11 lO d_) "
QD 11 p ™
1 n n 0d TG,

Udp OWOG® Bdp OGO 6 dp O4roa pU

As Cx, Cy , Cz are the center coordinates, Ex, EyEndre the scale factors on X ,Y and Z axes
respectively.

Y YA \
A
o P X > . M/XP
Z Z
Change of scale relative to the object center
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IV.4.4. Rotation

Rotation will be used to turn the object in all directions.
e Inthe plane we have a rotation around a point (center of rotation).
In space we have three possible rotations, around the »aexusd the y axis, around the
Z axis.
e To sometimes rotate the object around all three axes simultaneously, we use the
combination of three axis rotations.

IV.4.4.1. In the plan

Rotation in the plane is characterized by a center of rotation and an angiatioh9, it is an
application R defined as follows:
R:P34 P3
(xy,14 (xy',1)
1.Relative to the center of the origin GRo)
e The transformation matrix into homogeneous coordinates is given by
we A i Q& ™
Y A i "XE wéEA T
Tt Tt P
Such as e wee p W W pPzY 2
e In linear terms the rotation formyla}_is given as foI,Iovys:A
O WZAI X 9z0EA
® GOZOEAN ®zZAT O
e The inverse rotation is given in homogeneous coordinate
Al 0O OEA m
YE | OEA Al ™
Tt Tt P
2.Relative to the object center C(Rc)

To carry out this operation, it sufficient to bring the center of rotation back to the origin
by a change of reference of the translation type as we saw with the change of scale

Where Cx and Cy are the coordinates of the center of rotation

 The transformation matrix into homogeneausrdinates is given by
Al 0 OEA Tt
2 R O EA AT 0 Tl
6ap AT X #OEN 6op AT O6OEAN »p

Such as w2 wee p W wpzY]

e Inlinear terms the rotation formula is given as follows: o
O WZAI X 9zZOEAN Oap Al X #UYOEA
O WZOEA @ZATXO 6w AT O6®@OEA
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e The inverse rotation is given in homogeneous coordinate L
Al 0 OEN Ouwp AIXO # OEAN

Yo OEA AiX 6ap AiX O6UOERI

—
—
©

*
.
.
aes”
on

O=a=a’ ¢ i’ 8 74(1

Rotation around the origin O and around a center |

IV.4.4.2. In space

Rotation in space isharacterized by an axis of rotation and an angle of rotaiids an
R application defined as follows:

R:P44 P4
(X1y1211)4 (X|’yllz'71)

Y
Rotation around Y

Rotation around X

APA
= %

Rotation around Z

The three types of rotations

1. Around the X axis
e The following transformation matrix performs the rotation around the X axis

P T T T
s mT WE A [ "¢ T
Yo A y s v,
T [ " wWEA T
T T T P

Suchas e e & p W W apzy7
¢ In linear terms the rotation formula is given as follows:

O GrhEd bzl
il
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e The inverse rotation is given in homogeneous coordinate

P T T T
w, mT WE [ "¢ T
Y(L“ ’ w, \ T oy
T | Q¢ wEé A T
T T T P

2. Around the y-axis
e The translation matrix in homogeneous coordinate is given by

AT SO T W | 8
Y o P T
i A m owia
Suchasrlsedﬁeé(pud)%dpma n puU
e In linear terms the rotation formula is given by:
W MzZwéA  Ozi
A Wzl ™ Dzwéd
e The inverse rotation is given in homogeneous coordinate by the matrix:
X R T o W | G | 8

11 X
YW A 1) "T[ - ,p n T[:’.
b Qa2 wd A p T
u T T m pU

3. Around the z axis
e The translation matrix in homogeneous coordinate is given by

~0E A A 1oy

- iy & A T o™
YqA 11 i
L LS P T,
u T Tt n pU

Suchas e e G p W W apzya
e In linear terms the rotation formulagssen by:
» OzZATO 9zOEA
O ©OZOEA AT O

e The inverse rotation is given in homogeneous coordinate by the matrix:
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ME A - O 1 W | A | A
. i 0Ar A 1T
YQA 11 1
T n P T,
u T T n pyv

IV.4.5. Concatenation of transformations

In most cases you will wat scale the object to fit your 3D world, rotate it to the required
orientation, move it somewhere, etc. To perform the above series of transformations we need to
multiply the first transformation matrix by the vertex position and then multiply the next
transformation by the result of the previous multiplication, and so on, until all transformation
matrices have been applied to the vertex.

A trivial way to do this is to provide a combined transformation required for a single
object since the matrices ate same for all vertices and one can have a single direct position
change for all vertices.

EitherT 1 , T 2 ,geometric tfansformations, and M a point in a scene, M' its image

after the sequence of A, rae interiediatpasitionsoaties eachM1
transformation.

v v v v 4p\M‘C\M‘08 ml
LOUL OV O 88 LB - ULLLLL -
So we have:
M1=T1*M ,
M2=T2* M1 =T2*T1*M
M3 =T3*M2=T3*T2* M1=T3* T2* T1*M
M= Tn*..... T3 * T2 * T1 *M
Then: M' = T* M / T = T nisfthe dired fafisfoimation T1 S uc h
7 T =T1MT2
‘ ,,‘
T1 T AL
4 S ‘\TZ //\\ \I _______
L’ \\\ _>,,' N T2 ! !
\\\ l/, T \\ > ,’, :;_ ______ i
R ST = T2 T

Concatenation of two transformations
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CHAPTER V
Free and global deformations

V.1. Introduction

To enlarge the space of objects that can be defined by modeling methods, we can add
global deformations and freeformations; thanks to deformation, we can easily create a large
variety of objects.

V.2. Definition

3D geometric deformation is a mathematical and technical process that changes the shape
of a threedimensional object by adjusting its points in spamsoeding to specific rules. These
deformations can include transformations such as stretching, bending, twisting, or curling,

The deformation is a function F from R3 to R3 which transforms a Po{rly,zat a
point P'=(x"y",z"): P'=F(P);

Or(x.y",z') = (f(x,y.2),9(x.y,2),h(x.y.2))

V.3. Global deformation

In 1984, A.H. Barr proposed the use of geometric transformations to achieve global
deformation of objects. These transformations, called Barr transformations, are no longer
necessarily affine; theyllaw objects to be twisted, folded, and rolled, while ensuring regular
deformations.

In this context, we have the analytical definition of deformation as well as its Jacobian.
This makes it easier to visualize surface deformations. The parameterahkives us to define
a grid on the surface, and the image of this grid is calculated using the explicit deformation of
the function F. At each vertex of the grid, the surface normals are calculated from the Jacobian,
which makes it possible to determine wiex a surface is planar or not.

V.3.1. Notion of Jacobian

In fact, the tangent vectors and the normal of the initial surface are transformed into
tangent and normal vectors of the deformed surface. The Jacobian matrix J of the function F is
formed by takng the partial derivatives of F which allow the calculation of the normal vector to
the deformed surface.

Let J be the Jacobian of the function F defined previously

raQ 1 1790

" 1T Two 14§

Qv X

b MR TQ 10
:: T w T w 1
Q 0 O
J 1 c‘oT T d)T T &
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Chapter V: Free and global deformations

According to Barthe normal N of the deformed surface is given by the following formula:
0 AAOL ¢
V.3.2. Example of deformation

V.3.2.1. Tapering

The adopted transformation is an axiamothetiovhose ratio varies with the coordinate
on the invariant axis, this transformation allows the object to be enlarged by reducing it in two
directions without any change for the third

The transformation is translated by the following relationships:

® Q4
® QA
a q

Where f(z) and g(z) are two functions given by the user, and we therefore have:
"Qa T Qdw
v m "Qd "Qaw
Tt Tt P
And we deduce the normal to the deformed surface as follows:
AAOC | »
"Qa T T
0 QQow ¢ "QaQd Tt "Qd Tt €
Qo "R W QG w "Qa Qo
The inverse transformation is given by the following relations:
® TG o
® OTQA ®©
a aq

Such that f(z") and g(z') are not zero.

After

Linear taper Nodinear taper
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V.3.2.2. Torsion

The adopted transformation is an axial relation, the angle of which varies with the
coordinate on the invariant axis, we consider the case of torsion around the Z axis, the horizontal
planes undergo a rotation of an@lsuch that f being a function of #@ltde (height), we sek
=f(z)

The transformation is translated by the following relationships:

A Qa
O OOl i M
® i WE Ooéai
a q

WE A i Q¢ R O WE ® O EAI
' DE A R wwéi wi WE

Such that: det(J)=1.

Twisting preserves the volume of all twisted objects, the transformation of normal vectors is
given by

C:
)
e
™M=
E )
=
(e2]

Torsion around the-axis

4 0
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V.3.2.3. curvature

This transformation allows to deform the object to obtain a folded or almost folded object,
the curvature is made along a central line parallel to the Y axis, a constant curvatufeatngle
the ends varies in the central region, we can define K a cocstamature rate equal to 1/ radius
of curvature

The region of curvature is delimited by two ends Ymin, Ymax, the transformation is
translated by the following relations:

1. Foryin [Ymin,Ymax]:
The formula for curvature is given as follows:

w W
O iR a4 - wé
a AlOU - o
And asid Ez & ¢
Such as :
W I "® o
W W [ D W W
W I @ o
From where:
P Tt Tt

o P p QWATO | O
T p QOEA AT D
From which we obtain a determinant det J = 1+kz, and the matrix transformation of the
normals n is given as follows:

P Qa 1 11
0 n AITX p QMOEAN z¢
n OEA p QAT O
2. Foryin R-[Ymin,Ymax]
The curvature is expressed by the following relationships
W W
W a4 -1 ™ wéE O O wéi

a U -ATO plE © o i
From where
P Tt Tt
o p Al i
mm OEA Al 0O
From which we obtain a determinant det J = 1, and the matrix transformation of the
normals n is givems follows:

P ~T[ T[A
6 m AITXO OEA z¢g
m OEA AT
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The inverse transformation is given by the following relations:

~ ~

LA QU U
A QU U
wa OAF—
o _
Such as;:
[ Qa A

A A 9. A A
A [ Q 2

w - U

1. Foryin [Ymin,Ymax]

The inverse curvature is expressed by the following relationships

W oee
U
(:] - W Ué CX - T

2. Fory = Ymin or y = Ymax

The inverse curvature is expressed by the following relationships

~

U

®w WA a -O0El
a ® UOEd ¢ -ATD

L }.-\_

Before

v

The curvatureleformation
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V.3.2.4. Translation

This transformation is a translation of a subset of the points constituting the object but
not all the points to create a new deformed object.
The translation vector of the subset of points varying as a function of z:
T=(f(2).9(2),0)
From where f and g are two functions can be linear oflinear depending on the desired
effect to produce, the transformation is described by the relation:

W 0 Qa
U U C»@
o Q
From where
p T "R
O T p "Gy
Tm TT P

And we getdet(J) =1
So the transformation matrix of the normals n is given by:
P Tt Tt
0 T P T Z =
Q@ Ga p

Before After

After

X
>

*N

Linear andhonlinear translation

V.3.2.5. Local pinching or swelling

This transformation consists of inflating or pinching a part of a solid between zmin and
zmayx, this resembles a tapering, it allows to create a center or hollow symmetrical with respect
to the zaxis.

The transformation is written:

1. If z < zmin or z > zmax , we get no change, the transformation translates to the

2. :?ir;gt{z.min, zmax] then the transformation translates as follows:
®w Qdow
u AU
Gee
From where
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"Qa T QA
0 n Q4 "Ra

TT TU P
And we get det(J) =f(z)*f(z)
So the transformation matrix of the normals n is given by:

"Qd 11 11
6 Qav & "Qa T "Qd T .
1\% “Q(:] l\m “Q(:] “Q (:]
A A
Before

Zmax

Zmin I IA/'\//I' :

After
< > < >

Deformation: swelling and pinching

V.3.2.6. Moving a point on the surface (drawing)

The desired deformation is that of the displacement of a point A of the surface from which
the neighboring points located at legan a distance R from the initiating point of the
displacement A" will undergo a translation of a displacement vector determined by A and by A',
the modulus of the displacement vector will be a function of the distance of these points in
relation to the pint A before the deformation, in such a way that the maximum displacement
corresponds to that of the point A towards A', and that the points of the border of the domain
concerned are not displaced, we can distinguish two cases:

1. Uniform displacement

Uniform displacement is the simplest, it generates a uniform field in the direction of the
initial pulling displacement vector, all displacements are parallel to the main displacement.

We have :

A' =f(A)
P' = f(M) such that: MP K(A,M)*AA", if d(A,M)<=R
We chose K(A,M)=1d(A,M)/R from which the general formula is obtained as follows:

v o o QO
O P v Z W W
y e

0 ) Qohy ,
. W —_ W w
(¥ P Y
l,l’ , , ’Q b Fi) , ,
.0 a p R Zd Q

2. Convergentdisplacement
Convergent displacement is more complex, the ponoige by converging towards point
A', the displacement vectors form a converged field.

4 4

Teacher : SAIFI A/Hamid




Chapter V: Free and global deformations

We have :
A =1(A)
P' = f(M) such that: MP = K(A,M)*MA", if d(A,M)<=R
For example, if you choose:
S BFD Qohd
U O e —
P v
Where u and v are parameters to modulagevtiriation of the attraction towards A', the
general formula is obtained as follows:

I,IJ‘ Y ’QaFﬁ Y Y
|’|Jw W p 'Y Z W W
3 e
U ¢ Qo o ,
- w _ w w
(r P Y
Cp Q 6h)
02 q P : zZ a0 aq
w Y

Point draw for convergent movement

V.4. Freedeformation of parallelepiped

To model a nowregular shape, we used parametric Beipe surfaces and curves.
Sederberg represented a method for deforming an object called Free From Deformation. FFDs
allow a great deal of freedom to deform an object.d&&ne a control point mesh around the
deformed object. When we move these control points, the object in the middle of the mesh
deforms following the movements.

This deformation is achieved with a base change and Bgpiervolume interpolation.
In summay, we use the following free deformation algorithm:

1. Local system definition

2. Defining the control point mesh

3. Moving control points

4. For any point of the object to be deformed, we calculate local coordinates by-Bezier

type volume interpolation

5. Transforms th@bject points after deformation to the global system coordinates.

The object to be deformed is first inscribed in a parallelepiped, the edges of which define
a local coordinate system around the object (Po', S, Th&parallelepiped is the unit cube

Let P be a point with coordinates (X, y, z) in the world system and (s, t, u) in the local
system, the change of coordinates between the world system and the local system is given by the
following equations:

P=P0O'+s Stt T+uU

Such as:
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P 80 0

l .

I'p Y2 Y8Y
32°Y80 U

.0 =

L'y Y2 Y8Y

’r, "Y2"™B0 0

t0  TVegy

Where Po', S, T, U define the local system and *, . Represent the vector product and the

scalar product respectively

And we will subsequently place in this reference a tdieeensional grid is
superimposed on the unit cube such that the O'S, O'T and O'U are respectively divided into n, m
and | parts, the vertices of the grid form (n+1)*(m+I)*(I+1) Pijk control point of coordinates (i/m,
j/n, k) such that (i,j, k¥[0..m]*[0...n]*[0..1]

Let P'ik be the coordinates of the control points after the movement, the position of all
points (s, t, u) after the movement of the control point is given by the evaluation of the Bernstein
polynomial by (s', t', u’) such that:

0 i Fofo 6r p 0 i

z 6 p O 2072 6rp O 26 z0&f

Finally, we need to transform the points of the object to the coordinates of the world
system, we use the following formula:
P=PO0O'+s S+t T+uU

| /

Local parallelepiped system and control points

V.5. Free cylindrical deformation
In this paragraph we talk about the free deformation of PEROCHE, it is introduced the

interpolation of BSPLINE in the free deformations to optimize the calculations, the calculations
will be on the points to modify only, for our study we have chosen rbe ¢ylindrical

4 6
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deformation, from where the object is inscribed in a mesh of control points of cylinder shape,
and the displacements of the control points followed by an interpolation of type B SPLINE to
obtain the deformed object

At first interpolation in the cylindrical system requires cylindrical-SPLINE
interpolation, we have the classic cubkSBLINE interpolation which is defined as follows

1 1

0 0 O o0

Since: 0 <t < 3, n the number of control points and where Pi the controit @md P
are Cartesian coordinates, the evaluation of the interpolation parameters in the cylindrical system
gives the following interpolation formula:

~
L)

O 0O O

Ca
&
=

From which: Ni(t) is the BLEND function, arglich that:

E 1 Qmn
[ QGE T [ @ Q ¢
£ i Q ¢

In summary we use the following deformation algorithm:
1. Define the local cylindrical system.
2. Define the control point grid in the cylindrical coordinate system.
3. Move controlpoints in the cylindrical coordinate system.
4. For each point of the deformed object, new coordinates are calculated using velume B
SPLINE interpolation.
5. Transforms all points of the object to world system coordinates.

To define the local cylindrical systemve assume that (0, R, A, H) represents the
cylindrical system and (0, S, T, U) represents the coordinate associates of the Cartesian system,
so each Pa (r, a, h) as coordinates in the cylindrical system and (s, t, u) as coordinates associates
to the Cartsian system, the following formula allows the transformation of coordinates between
the two coordinate systems.

" P00

I’p Wi o YQ mo T
» 1P (R T oo v N

'y st 0l bl YQ 1o m

”’d,) Colou i

Cr ‘“Tc i 0 1th‘) i
7 I'r 0" I i " Q mho m
e v Tr i 1Q o 7
¥ W wzai

w Q6

From where m defines the number of control points
Now we will define the griaf control points in a cylindrical shape, let Pijk be a control point
defined by:
Pijk = (rijk,aijk, hljk) = (I,j K)
Such that 0 <i < 0 < 3 < m, 0 < k<n , f 1
points if we move the control pomts the [ZIGII‘Df the object inside the grid are deformed

4 7
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according to this displacement, the deformation is calculated from the followBigLBNE
interpolation:

0 0 I 0 ) 0 0

z P i - i Q' Qd Ko,

And finally, the transformation of the interpolated points to the world system such that:

y
A1

i 1T AT %D—
o

Y 1 Z Z (k“
‘0 | OE+—
I‘I, a
w 0o Q

Local cylindfical system and control points

V.6. Global Deformation and Free Deformation

Global deformation is a simple, powerful, efficient and above all extensible deformation
to any freedeformation

With free deformation, deformation specified by moving control points in general, it is
tedious for the user to specify this displacement to obtain the desired deformation, especially
when the number of control points needed is large to madehalex shape, a possible solution
is to use global deformation functions to deform the control points in free deformation with such
a function the user often only has a few parameters to specify instead of having to move a number
of control points, the &formation functions are only applied to the control points not directly to
the object.

4 8
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CHAPTER -VI-
Projection transformations

VI.1. Introduction

The transformations seen so far allow the modeling and manipulation of three
dimensional objects, it remains to deal with the display problem, it is then necessary to transform
the 3D representation of the objects in@Datransformation.

This passage from space to the projection plane, the latter containing the display surface,
the projection implies a preliminary change of reference frame, to pass from the reference frame
with its z axis to the frame associated with the projection planwhich the projection
transformation is expressed.

VI1.2. The coordinate system

VI1.2.1. Definition

To locate a point in thredimensional space we have the choice between several
coordinate systems.

Direct reference

Indirect
rafarance nnint

0

Coordinate systems

We will use the direct coordinate system in all 3D geometric transformations, there are
two reasons for this:
e The direct system is simpler to use because the visualization is a little easier
e The direct system is widely acceptesithe usual standard

V1.2.2. Changeof reference point

Let's consider a scene, that is, a collection of 3D objects that we want to visualize. This
scene is described analytically in an orthonormal frame called the world frame, scene frame, or
globalframe.

The screen is defined by a plane orthogonal to the axis of vision called the screen frame.
Finally, each object constituting the scene can be defined in a local frame specified for it for
reasons of convenience, for example, a sphere can be defiaéchme having as its origin the
center of the sphere, so that the equation of the sphere is very simple.

The existence of these different reference points therefore requires the passage from ohe
reference point to another, for example from a locaresiee point to a global reference poin
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and the visualization process requittesawarenesthe position of the objects in the scene, then
their projection into the screen frame

We now consider two benchmarks:

R1(O, i, j, k), R2(0', a, b, c) and V(VN/y, Vz)=00'

Pa point in space represented by the components (X, y, z) in R1 and by the components (x',y',
z')in R2

The components of a, b, c in R1 are respectively (ax, ay, az), (bx, by, bz) and (cx, cy, cz) 1.
The calculation of x, y, z as a functionxf y', z' in homogeneous coordinate is given by:
@ ®Qp GeweoEp?n
Such as 5 B
DWW WWW
‘ W WWWWWw
WA WA WA Wwa
Tt Tt Tt P
2. In linear terms, the formula that allows the calculation of X, y, z as a function of X', y', z' is

given by
» OB 0 0O OO
O OB O &é W W
a O o Ood wa
3. The inverse change o’f reference is glven in homogeneous coordinate by the matrix:

wwwwwa wWa0
DOOWOA &
DOOWOA 8o
Tt Tt Tt

Knowing that Va, Vland Vc are vector products

XA b '&4

e > >
.‘..' P(xs)'sz)/(x’sy,sz’ 7

Coordinate systems

V1.3. Projections

3D image synthesis consists of visualizing a scene defined in adimeasional frame
of reference on a flat screen, the essential problem that we must therefore suiteofsthe
projection of R3 into R2. The projections then make the transition from space to the projection
plane, they are defined by a projection surface and a projection center, they are divided into two
large classes depending on whether the projeciorer is at a finite distance or not: parallel
projection and perspective projection
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Projection plan

Direction X
projection

B’ B
Projection Center

Parallel projection and perspective projection

VI1.3.1. Classification of projections:

There are several types of projections on the plane, the figure below presents a
classification of projections highlighting the special cases.

Planar geometric projections

/\

Parallel Perspective
}— Vanishing
Nnnint
Axonometric Obligue |, Two Vanishing Points
Isometric Horsewoman
o —> _» Two Vanishing Points
—» Dimetric Cabinet ‘ d i
—» Trimetric —
— Spelling
, Jop view

> Fr.ont \{lew
, Side view

Classification of projections

V1.3.2. Parallel projection

Parallel projections areharacterized by a center of projection at infinity, they are
therefore defined by a direction of projection

V1.3.2.1. Advantages

e This type of projection is the simplest to achieve in an image synthesis development,
because the calculations are fewer.

e This type of projection preserves the angles of faces that are parallel to the
projection plane
e The distances included in a parallel face remain constant

V1.3.2.2. Disadvantage

e The absence of the depth effect is very noticeable.

Depending on the angle that fmjection plane makes with the projection direction we have
two different subclasses
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V1.3.2.3. Axonometric projection
The projection is said to be axonometric when the direction of projection is orthogonal to
the plane of projection.

Direction
projection
N
\

Projection plan \

Axonometric projection

THE  Axonometric projections can be subdivided into four types of projection
depending on the orientation of the projection plane, that is to say the eblnesngles formed
by this plane wi the coordinate axes, we obtain:

1. Isometric projectionif the three angles are equal, the three axes are shortened in
the same ratio

2. Dimetric projectionif only two angles are equal and two axes are shortened in the
same ratio

Direction
projection

/\ #

<« —
Projection plan

e

Isometric projection and dimetric projection

3. Trimetric projection if the three angles are different, and the three axebarened
differently

4. Orthogonal projection if the direction is orthogonal to the projection plane, and the
projection plane itself parallel to one of the three principal axes (XOX), (YOY) or
(ZOZ) orthogonal projections are the simplest to achieve and are thiatex@stting
in cases where it isatessary to be able to measure the distance, it is sufficient
to remove @oordinate to obtain the passage from 3D space to the 2D plane, we
have threeasesndividuals

e The top view

The top view is a projection corresponding to the projection ofothject
according to grojection direction parallel to the X axis on the projection plane

X=0
1. The projection matrix in homogeneous coordingigiven by:
Tm TT TU Tt
\ p T T T
d m p T Tt
Tm T T P
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Suchasw @ & p GEe oEe Oe p 2N
2. Inlinear, the projection is given by themula
W W
e The coastal view
The side view is a projection whose projection direction is parallel to the Y axis
on the projection plane Y=0.
1. The projection is obtained as follows in homogeneous coordinate by the matrix:

P T M T
. T T T T
" T P T T

T T T

Suchasw @ & p GEe GEe Qe p 21
2. Inlinear, the projection is given by the formula
W W
® q
e The front view
The front view is a projection whose direction of projection is parallel to the Z
axis, the projection plane is the Z=0 plane.
1. theprojection is obtained as follows in homogeneous coordinate by the matrix:

P T T T
. T P T T
" T T T T

T T T

Suchasw @ a p GEe oEe Oe p 21N

2. In linear, the projection is given by the formula
W
W W

Top view ﬂ

Front view

7 Side view

The three cases of orthogonal projectic
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V1.3.2.4. Oblique projection

Oblique projection is a projection whose projection direction is not perpendicular to the
projection plane, the projection plane is generally X, it is characterized by the angle between the
projection rays and the projection plane, the vanishingsg are generally drawn at an angle of
30° or 45°

It is divided into two types of projection

1. Cavalier projection: if the angle that the projection plane makes with the projectiongays
45° and the segments parallel to the X axis are reduced batéhef 1

2. Cabinet projection: if the angle is 45° and the segments parallel to the X axis are
reduced by the rate of 1/2.

P

Oblique projection . .
Projection plan

Cavalier andCabinet projection of a cube

V1.3.3. Perspectiveprojection

Here the center of projection is at a finite distance from the projection plane, the visual
effect obtained with perspective projection is similar to that perceived by the human eye. If we
project a cube, the projection will have one vanishioigtpivhen one of the faces of the cube is
parallel to the projection plane, two vanishing points when four of the edges of the cube are
parallel to the projection plane without any face being parallel, three vanishing points when no
edge is parallel to therojection plane

Onevanishingpoint

Three vanishingoints

Two vanishingpoints

Perspective projection of a cube

VI1.3.3.1. Advantages

This type of projection gives a natural appearance to the object exactly as seen by the hum
eye
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V1.3.3.2. Disadvantages:

The disadvantage of perspective projection is the additional calculations involved in
determining hidden parts and texture mapping.
No dimensional information can be extracted from a perspective projection

V1.3.3.3. Formalization of perspective projection:

Calculating perspective requires a change of reference frame, from the object frame to the

observer frameéNe always pose the following points
/ Y’
O’(M,N,P)

9

*Ki

The object frame and the observer frame

The object igelated to a direct system (O, X, Y,.Z)

The eye is the origin of the second indirect system (O', X', Y', Z")

The screen is the plane perpendicular to the line OO’

The screen is located at distance D from the observer's eye

The Z' axis of the observeystem points in the direction of the origin O

The transition from object frame to observer frame is done by a succession of elementary
transformations

1.Translation of the origin O to the observer O’

e |t consists of translating the reference frame (OY XZ) of the object to the intermediate
reference frame at the observer's position (O, XI, Y1, Z1), the translation magisers by
the matrix

p T T T
5 mn p T T
mn p p T
0 6 0 p

Translation of the origin O into O'
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2. Rotation of thesystem (O',X1,Y1,Z1) around the Z1 axig

e The purpose of rotation is to bring the negative Y axis back to intersect the axis, the system
(O',X1, YI, Z1) is transformed to the intermediate system (O',X2, Y2, Z2)

A7

System rotatiofO’, X1, Yl, Z1)

e The required rotation matrix is as follows
O E-l AlO mm m
5 ATO OEd m m
Tt Tt p T
Tt Tt m P

3. Rotation of the system (O',X2, Y2, Z2) by 90°+ around the X2 axi¥s

e This transformation brings the Z2 axis back to point towards the ofigithe system
(0',X2,Y2,22) is transformed by the intermediate system (0',X3,Y3,Z3), the rotation matrix
sought is therefore the following:

Tt Tt Tt

e PN s P

O Eql Al O

4 4 470
© 43 A

0’(M,N,P)

’x

¥ System rotatiorfO', X2, Y2, Z2)

4. Conversion of the direct system (O',X3,Y3,Z3) into an indirect system

e This operation is done to obtain a traditionally oriented axis system, it is simply obtained
by changing the orientation of X3, the system (O', X3, Y3, Z3) is transformed to the system
(O, X', Y', Z).
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/ v
0 M,N,P)

SystemConversionO’, X3, Y3, Z3)

e We obtain the matrinf the following transformation:

P
0 Tt
Tt

4 H
© 44
e

T T 1T P

e Finally, we got what we wanted, the object system (X, Y, Z) is transformed into the
observer system (X', Y', Z'), such that all points in the object space are obtained in the observer
system in homogeneous coordinate by the formula

o uee Oe p W Wa pzozezozo

e The global reference change matriolstained by the matrix product:

O E-l AT OOE- AT OAT O =
Al O OEsl OEsl OEdl #/ 38 T
T Al O O Esl i
0 0 0 D

¢ In linear terms, the formula for the changegtdbal reference frame is given by
W @O Eel WAl O 0
w @ATs QOEl WOEs OEl AT O 0
a AT QAT O UOEI#/ 3 UOET 0¥
5. Projection on thescreen

e Here is the simple relationship linking all observer coordinates (Xo, Yo, Zsgrteen
coordinates (Xe, Ye)

.0
|’|w ra—
Q
') , ’O
|,|_'(*) —_—
Cr Q

Such that: D is the distance from the wing to the projection plane of the screen
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Projections

Wt

Yoh Screen

YoA

P(Xo,Y0,Z0)

>Z0

P(X0,Y0,Z0) /
L~ L

P (Xe,Y )]

W

y

s

Xo

Projection orscreen

D
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0
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CHAPTER VII
Visualization Clipping and Transformation

VII.1. Introduction

The simple perspective or parallel that we have already seen is insufficient, for example,
objects located behind the observer can appear on the screen, likewise certain objects can be
projected outside the limits of the screen.

To eliminate he defect, two necessary operations are defined and complete the image
creation process.

e Clipping.

e Visualizationtransformation.

VIl.2. Clipping

Clipping consists of considering only the part of the object that will be represented on the
display devicgscreen/paper), the object will be limited in a rectangular portion called window
in the screen universe and enclosure in the user universe.

The advantages of cutting are:

e |If we want a partial view of the objectcBppingoperation is necessary to enlarg
the desired part of the object.

e Theclipping necessary to represent an image in a limited area on the screen or
paper.

e If the display device is limited by specific coordinates, it is necessary to crop the
image according to the coordinates, and reprebkattit is in the area or volume,
and eliminate the defect of appearing the objects that are behind the observer.

There are two main classesatipping depending on thelipping location:

e 2Dclipping: consists otlippingthe object after projectiamtok projection plane
(screen / paper)
e 3Dclipping: consists otlippingout the object in space by a visualization volume

VI1.3. Concept of closure

The user's graphic universe is a space of two or three dimensions, theoretically it extends
to infinity but practically it is limited by the capacity of the machine, for example if we want to
represent a real number it must not exceed the limit of 32 bits.

Generally, we consider a rectangular portion of the universe and examine what it
contains; this area ofision is called a fence. The fence specifies the rectangular area that must
be seen by the computer.

VIl.4. Concept of window

We do not always want to use the entire screen or a sheet of paper to draw a picture, for
example if we want to draw the four ctasfaces in technical drawing. It is therefore necessary
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to specify to the computer the rectangular area in whiclvaves to see the contents of the fence
reproduced, the rectangular area is called a window.

Window

Fence

Screen coordinates

User coordinates

n
>

The presentation of the concept of fencangl

VIL.5. 2D clipping

This operation is necessary if we want to represent on the screen or on a part of the screen
(window) a part of the scene that is visible in the windmiverse. The clipping methods vary
depending on the type ofaphic primitive to be processed:

- Points.
— Straight line segment

- Polygons
And also vary depending on the shape of the fence

— Rectangular

— Convex, concave, or holey polygon.

As for thenon-rectangular polygonal fence shapes, they are less used in image synthesis,
the clipping algorithms are very complicated, and the intersection tests are more numerous. But
as for the rectangular shape, it is the most interesting and we will studyé abo

Invisible part

Part
visible

<l V-

Convexpolygon Concavepolygon Pongoh with hole

Cutting according to the different types of polygon

VI1.5.1. Rectangular Clipping

The rectangular fence is the simplest to make, and practinally usable and efficient,
the processing of primitives is simpler.
VI1.5.1.1. clipping of a point

clippinga point is to test whether this point belongs to the rectangular zone or not, if it is
located in the zone it is acceptable otherwise it is rajecte
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e Algorithm

Eor (each object point) do
if (Xp>Xmin and Xp<Xmax) and (Yp>Ymin and Yp<Ymax)) then
Draw this point
End if
For

VI1.5.1.2. Clipping of a segment
For cutting a line segment there are two cases:

1. If we treat the segment assat of points this amounts to cutting a point, but this
method performs a lot of tests, and does not give the cut segment.

2. If we treat the line segment with these ends we have several algorithms which are
dedicated to this problem, the goal of these algms is to determine the segments which
belong to the fence, these segments will be displayed.

Polygcgl/\ Fen\ie /A\ /// ¥

/
A\ / Fence

The positions of a segment relative to a fence
VI1.5.1.2.1. COHEN-SUTHERLAND algorithm

Thisalgorithmallows to identify very quickly the segments which can be trivially
rejected or accepted, the idea is based on the calculation of a code carried out at the end.

e Principle: we extend the edgesf the fence so as to divide the user's plan into nine
regionsas shown in the figure

Rectangulaclipping

Topleft . Top
High fight 1001/ 1000 1010
Ymax
left Fence Right 0001 0000 0010
Ymin Xmin Xmax
Bottom Down Bottom 0101 0100 0110
left right
The division of theclosure following the COHENMSUTHERLAND algorithm

At each end of the line segment-bit binary code is assigned:
1.Bit of rank 1=1 if the end is to the left of the fence (x<xmin)
2.Bit of rank 2=1 if the end is to the right of the fence (x>xmin)
3.Bit rank 3=1 if the end is at the bottom of the fence (y>ymin)
4.Bit rank 4=1 if the end is at the top of the fence (y<ymax)
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For each segment, there are three possible positions
1.The segment has these ends outside the fence this means that we have twb differen
codes of 0000.
2.The segment is completely in the window we have two 0000 codes.
3.The segment has only one end in the window we have only one code 0000.
e For the first case the algorithm performs a logical intersection to find out if the segment
Is partiallyvisible or not
e The logical operation applied is the binary logiB&lD between the two codes.
e |If the resulting code is different from 0000 then the segment is entirely outside the fence,
so itis invisible
e Otherwise thesegment is partially visible

Example: code applicatioCOHEN 1000/
The code obtained for the next segment is /
o For the first end, the code is: (0001) 00014 fence
o For the second end, the code is: (1000) /
o (0001) and (1000) = (0000) Fzartially visible.

VI1.5.1.2.2. Themethod of calculating intersection points

1- The COILEN-SUMERLAND subdivision method

It consists of dividing the line segment into two equal parts, and then testing whether the
two resulting segments belong to the fence or not, using the previous métbod. df the
segments has an intersection with the fence, it will be divided into two equal parts again. This
process is repeated recursively until the segment is reduced to a point, which represents the
intersection with the fence.

This method is similato the dichotomous search method. It performs a large number of
tests, and it does not return the cutting segment.

=
AT

d d

Subdivision of a segment according to the COHEN met

2-Algebraic calculation  of
the intersection
If we obtain a code that indicates whether a segment is partially visible, calculating the
coordinates of the intersection points of a segment with the fence is elementary, since the fence
is rectangular, the intersection coordinates are obtained by the fajlbmanoperations
e The intersection with the left edge

Xmin,c Xmax,c
1 1 1 1 (X1,Y1) Ymax,e
) Yi-YA&
I L L L L v | a\(XY)
X1X
¢ Fence
Y1-Y2
X1-X2 (X2,Y2){ Ymin,c
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And we get:
W W §
W ~ =
0V 0V

The calculation of intersection with the closing edges is quite simple.

e The intersectionwith the right edge

W w R
W w ~ ~
W W
e The intersection yvith the high ridge
W W p
W w = =
W w
e The intersection xvith t[w‘e bottom edge:
w W p
W w ~ =
W w

VII.6. 3D Clipping

Threedimensional cropping is necessary to obtain a correct image, to eliminate objects
that are behind the observers, objects that are outside the limits of the fence are eliminated before
performing the projection.

Slicing algorithmdike 2D slicing depend on the type of object to be sliced

e Point
e Straight line segment
And depend on the shape of the fence, in 3D we speak of vision volume, the volume can

be of shape

e Parallelepiped
e Pyramid.
We obtain a parallelepipeshaped vision volume if we have a parallel projection, on the
other hand we obtain a pyrarstiaped vision volume if we have a perspective projection.

Pyramid Y Parallelepiped
Z Z
O B 0 P>
X
The volumes of vision
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For all slicing algorithms we have two possible chaices

e The first choice is to work with the observer's coordinates-¢egedinatg, generally
Cartesian.
e The 2nd choice is to work with normalized scresordinates(Homogeneous)
VII.6.1. Division into observer coordinates

VII1.6.1.1. Clipping for parallel projection

As we have already seen in the clipping in the plane, the type of objects cut are generally
points and segments

The type of vision volume (fence) that we are dealing with here is a rectangular
parallelepiped, thelippingis done according to ¢hsix planes which delimit the parallelepiped

VII.6.1.1.1. Clipping a point

To determine whether a point lies inside the rectangular parallelepiped, a simple
comparison with the boundaries of the parallelepiped is performed.
e Algorithm:

Eor each objecpoint to do
If (Xp>Xmin and Xp<Xmin and Yp>Ymin and Yp<Ymax and Zp>Zmax and p<Zmax
then
Draw this point
endif

For

VII.6.1.1.2. clipping a segment

As we have already seen in the plan, for a cutting of a point we have 2 cases:

1. If the line segment itkaken as a set of points, cutting the line segment amounts to cutting
a set of points.

2. If we treat the line segment with these ends we still use the CESENHERLAND
algorithm but this time considering six planes instead of four sides, the planes are
FRONT, BACK, TOP, BOTTOM, LEFT, RIGHT, then we divide the space into 27
volumes, and each end of the line segment is assigndit diGary code

e Bitof rank 1=1 if the end is to the left of the viewing volume
Bit of rank 2=1 if the end is to the right of thewing volume
Bit rank 3=1 if the end is at the bottom of the viewing volume
Bit rank 4=1 if the end is at the top of the viewing volume
Bit rank 5=1 if the end is behind the viewing volume
Bit rank 6=L1 if the end is in front of the viewing volume

VII.6.1.1.2.1. The method of calculating the point of intersection
1. The COHEN-SUTHERLAND subdivision methods

To calculate the intersection point we also use the COHEN subdivision method
SUTHERLAND and the same principle used to determine the pointekection between the
line segment and the side (in 2D) used to determine the point of intersection between the line
segment and the plane delimiting the volume of vision.
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2. The algebraic method of calculation

In 3D the algebraic calculation methotist be changed to calculate the intersection of
a line with a principal plane, the line segment being given by its two ends, and we will
obviously work in parametric representation.

e The intersection with the left plane: (X=Xnin)
Theline segment equatios expressed vectorially as

o » ©® o
Po O O O @0

And the equation of the plane is X =% we obtain the point of intersection by the formulas

’LrP (‘) flP LP LP O LA " N ”n 1
Y p L e o)
Gy Um s & 0

%Qs&b
W W

So weget:
O 0 G Wyop G TR G
W o w0 Ghor pFa W
 The intersection with the left plane: (X=Xmax)

00 (*)aoow‘

o The mte‘rsectlon with the lower plane (Y= Ymm)
& W @ Wyor & TQ W
. © o
W G o T @
o The mtersectlon with the upper plane (Y—Ymax)
(Qx O ® % U)c
W & 6

DS

-§=
ﬁ

e:
_Cg-
,&C;'
'69:

@e@

® 0 @ 0 Qoo G Ta G

* The intersection with the face plane: (Z=4wx) .

© G @ e G Ta G

G & & @ oo BTR G
W oo

—+

he back plane: (Z= an)
(’Qu Q¢ (‘-b 0{
Wy p G T @
(JQX Q¢

e The intersection with
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N
Y
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&
e@@
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VI1.6.1.2. Clipping for perspective protection

We define a pyramid of vision which delimits the portion of space that the observer can
actually see; the division is made according to the four planes (left, logter, upper) and we
do not consider the rear division plane, the volume of vision extending to infinity.

VII.6.1.2.1. Clipping a point

To determine if a point is inside the pyramid of vision, it must be to the right of the four
planes, we express this bitroducing these coordinates into the equations of the planes, and
we must obtain positive valuesherwise the point does not belong to the pyramid

First, you need to know the equations of the four planes. The viewing angle is given,
and the equationare expressed in the observer's frame of refergnce.

Observer

<\

Pyramidof Vision

Left plan

®» OAlT 8 bn
Right plan

& OAlT 8 b n
Lower plane

& OAlIT 8 bm
Upper plan

» OAIlTc 8 b n
For the pointo belong to the vision volume it must verify the following inequality
Left plan

N OAllIc 8 b

Right plan

» OAl¥X 8 b
Lower plane

M OAl Tc 8 B
Upper plan

» OAlTc 8 b
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VII.6.1.2.1. Clipping a segment

As always, talippinga straight line segment, we still use the COHENTHERLAND
algorithm. The COHEN algorithm determines whether one end of a segment is inside the vision
pyramid by calculating a-Bit code in the following way:

e Therank1bitis 1 if the end is teetleft of the left edge of the pyramid.
e Therank 2 bitis 1 if the end is on the right of the pyramid.

e Therank 3 bitis 1 if the end is below the bottom edge of the pyramid.
e Bitrank4is 1if the end is above the edge of the pyramid.

From the obtainedodes, we determine the segments that are entirely in the vision
pyramid, and the segments that are eliminated, and the segments that are cut at least by one of
the planes of the pyramid, so we must calculate which part of the segment to keep:

- Either with the subdivision method, as we have already seen in 2D or with

cutting according to a parallelepiped.

- Either by calculating the point of intersection of the segment and the line, the

point of intersection is the point which verifies the following equation:
Note that the equation of the plane F passing through the origin is as fallory +cZ=0

P Hfth: Is the vector of coefficients of tipane
e The equation of the segment vectoriallgigen as follows:

o ® ©® @O
P O W W W o
W O O OO
e The intersection poiris obtained by the scalar product
08D 0
gD ® »® ©® 0D
Either. B ~ .
HO 90 GO QL
. 7,0 0 Qo & G o oo

From t,cwe can easily calculate the coordinatethefintersection point, we replace t in
the parametric equation on the right.

VI1.6.2. clipping in standardized screen coordinates

Normalized screen coordinates were introduced to avoid affecting the projection plane's
closing size and to simplifpn-screen framing. The normalized viewing volume is a cube
centered at the origin in the case of a parallel projection, defined by the plargsXx%, Y=
1,Y=1, Z=1, Z=1.

The vision volume is a truncated pyramid in space cut by two front and reasplan
perpendicular to the Oz axis, defined by the planesZ¥=+Z, Y=2Z, Y=+Z, Z=0, Z=1
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YnA Yn
o > Zn Zn
~SA Xn Xn
The viewing volume in normalized screen coordinate

VII.7. Visualization transformation:

Visualization transformation is a geometric operation #tlatws the user to work in a
system of their choice in the user's universe. Then, project their work onto a display device.

The visualizationtransformation is the operation that performs the transition from the
user universe (fence) either displayed on a part of the user universe (fence) or displayed on a
part of the screen (window), and it allows to calculate for each point of the fencerin use
coordinates its corresponding to the point of the window in screen coordinates.

A
A
Fence
Window
Screen —
Screen Coordinate Screen Coordinate
Projection of a fence onto a window

VII.7.1. Projecting a fence onto a window

The projection of a fence onto a window will be made according to three elementary
geometric transformations which are

Before you can project the fence onto the window you need to define the coordinates of
the fenceand the window.

e The fence is defined b{minc, Yminc) @and(Xmaxc, Ymaxc) In the user frame.
e The window is defined bYXminf, Yminf) and (Xmaxf,Ymaxf)in the screen
marker.

1. The translation along the vector [Yinc, Y minc]

This operation allows the fence to be brought back to the origin of the user reference
frame such that for each poiRfXc, Y] of the fence we associate another p&ifK'c, Y'c] by
applying the following formulas:

e O O

The new coordinates of the fence are (0,0) angh@Xminc, Ymaxc Y minc)-

68

Teacher : SAIFI A/Hamid




Chapter VII: Visugﬁéon Clipping and Transformation

A - 3
Xmin, Xmax,c Ymax,c-Ymin,c
Ymax,c
Translation
Fence S Fence
Ymin,c X
(0] Xmax,c-Xmin,c
Usercoordinates Usercoordinates
Translation othe fence in the user reference

2. The change of scale
This operation calculates the correspondence between the user's fence and the screen

window, the scale factor is generally the ratio between the fence dimension and the window
(@] W W T ® W

(@] W W T ® W
After translation and scaling we obtain
ke O W W W T ® W

3. the second translation:
This operation shifts the projection of the fence on the screen relative to the screen origin,

taking into account the offset of the window relative to the screen origin

By replacing (1) in (2) we obtain the general formula for the projection of the fence onto
the window for each point (Xc, Yc) of the fence.

(Xmaxf,Y maxf)
Window
Fen _ .
ence Projectiop Translation
Fence (Xminf,Yminf)
Usercoordinates ~ Screen coordinate! Screen coordinate:

Projection of a fence ontoveindow
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CHAPTER -VIII -
Elimination of hidden parts

VIII.1. Introduction

At the beginning of image synthesis, volumes are represgntethimal form by points
connected to lines that gave the impression that the virtual world was entirely made of wire, the
resulting transparency effect would prevent the different planes from being clearly distinguished.

In particular, it would be vidally impossible to determine the relative positions of objects if our
universe were completely transparent.

The need for hidden part elimination is therefore felt, many studies have been devoted to the
elimination of hidden parts and many algorithmsehasen proposed which are classified according to
whether the elimination is on the objects themselves or on their projected image.

VIII.2. Classification of algorithms

There are two main categories of elimination methods, they are differentiateccbgrttivate
system in which the calculations are carried out.
1. Algorithms in object space.
2. Algorithms in image space.

The first category corresponds to the resolution of the problem in a geometric way. The
algorithms of this family perform the calculatiansthe geometric modeling space, they are oriented
towards the elimination of hidden lines in the 3D coordinate system, in which the objects that make up
the scene are defined.

The second category uses the viewing space or the projection plane (SGREEM)rkspace
to carry out their processing.

VIII.3. Comparison between the two categories

e For the first category we have:
1. The workspace is the object itself
2. Each facet of the scene is compared with all other facets, so that the computation time
increases with the square of the number of facets.
3. Algorithms in this category provide another geometric description as a result.
e For the second category we have:
1. The workspace is the image or the projection plane.
2. The result is a surface image that doaisatiow any manipulation.
3. The computational effort is proportional to the number of facets multiplied by the number of
pixels
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VIIl.4. Study of hidden part elimination algorithms

It is impossible to represent all the algorithms in detail, weswilply try in this paragraph to
represent some algorithms and to highlight their principles, their advantages and their disadvantages and
we have chosen to represent them by several:

VIIl.4.1. Using a Z-BUFFER
VIII.4.1.1 Principle

The Zbulffer literally"Z-buffer” is one of the simplest hidden face removal algorithms so far, an
image is defined by a finite set of points (coupie¥), associates with a color intensity, the image
produced by the-Buffer is represented by a pixel matrix. For each piehtethod manages two values;

a color and a depth, this depth is the distancefitihe object seen in pixels.

For each given pixel we examine its depth relative to that stored iFailiéer (X, Y being the
same), If the ne\ is greater than that @-BUFFER, it means that this pixel is in front, so we must
display it and store the new ofen the zbuffer on the other hand we do nothing if the Ziswower
than that of the Dulffer.

The Zbuffer is a method that works in the image space (SCREEN)eéments of the scene are
successively processed in any order.

Object 2

VARRNENENAN,

NN/ ARNEENENy
(71177778774

Object

(c1,yl,zf) (x2,y2,

Sl [ Il S

Principle of the zbuffer method
VIIl.4.1.2. Advantages and properties of the ZBUFFER

ANSEEN VERNRVINNEEEREN
FNNAVEN,

ANENNNI'NS,

(177

1. The scene elements are displayedny order, no prior sorting is necessary.

2. The intersections between objects in the scene are taken into account very naturally by the
Z-buffer.

3. The only composite objects processed by the algorithm are unions of objects.

4. The simplicity of the method hasllowed for very higkperformance hardware
implementations.

5. Computation time only increases linearly with scene complexity.

VIIl.4.1.3. Disadvantage

1. The Zbuffer ignores certain optical phenomena such as drop shadows, transparencies,
reflections.

2. The prollem of the memory space that this algorithm uses to store all the Z of all the pixels
with their color

3. The image has aliasing defects, the aliasing affects some edges, which appear jagged,
because the image is displayed at memory resolution.
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VIII.4.1.4. The general algorithm
e Z-buffer[i,j] is an array of integers in which the depth of each pixel in the image is stored
Begin
1. Initializing the Zbuffer depth matrix
For each pixd(i,j)) Do Z-buffer [ i, ]]a Infinity
2nitialize the zbuffer color matrix
For each pixdll ,j) Do CL-buffer [I, j]& background color
3For each elemert from the scenBo
For_each pixd(,j) from whereE projectsDo
Z 4 depth ofE in (i,))
If (Z< Z-buffer [i,j])then
Z[i,j] & Z;
CL-buffer [i,j] & color of E in (i,))
endif
EndFor

EndFor
End.

e At the end of the processing we obtain a scene image stored in the intensity (color) buffer
that we could display on the screen.

VIIl.4.2. Using the Painter algorithm

The algorithm is called painter's because its characteristic is to work like an artist painting a
canvas, the different planes of the painting are painted in the order of their depth, the first plane is at the
back and each new plane partially or cotebfecovers the previous ones. In this way, only the last layer,
as well as the previous uncovered ones, are visible.

VIIL.4.2.1. Principle

The basic idea is to order the polygons forming the scene according to their distance, the polygons
near the obseer will have a higher priority index than those which are further away, the priority of a
polygon is determined by sorting the list of polygons according to tme@Zside in the observer system,
that is to say according to the side of the vertex fsirfr@m this polygon.

If after sorting and when all the polygons have received their priority, we can display them, we
start with the one with the lowest priority and end with the one with the highest priority. And each time a
polygon is drawn, it is fikd with the background color, it is this last phase that gave the nickname painter.

Trivial case in case of absenaeoverlaps, and an ambiguous case in case of overlap, which
implies the cutting of the polygons

Priorities A=1, B=2, C=3

Y Z
Zl,max C

Z1.min D N\
“rd\ 5 >

Zz,min
X

Sorting according to Z
Painter's principle

The painter algorithm works in object space, but it is necessary to define a priority order for-all
faces of the scene in this space before gengtthte image.
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VIIl.4.2.2. Advantage
e The advantage of this algorithm is its simplicity, which allows for easy implementation.

VII1.4.2.3. Disadvantage

e Determining the visibility of a polygon is only possible at the time of display, which requires
displayingall polygons, even those that are not visible, resulting in a loss of time, and we therefore
note that the priority calculation time is costly.

VIII.4.3. Use of the ROBERTS algorithm

Robert is the first to propose a solution to the problem of eliminaitidgn parts, the idea thfe
solution is derived from simple geometric relation which implies that the algorithm works in object space.

VII1.4.3.1 Principle
The principle of this idea is defined in two phases:
1. First eliminate the hidden parts of eacleabby itself.
2. Comparing each face of each volume with other volumes to determine which part is possibly hidden.

VII1.4.3.2. Advantage
e It allows to eliminate hidden parts of the scene, and it is simple to implement.

VII1.4.3.3. Disadvantage
e It requiresthat the objects in the scene are convex.
e The calculation time is very important.

VII.4.3.4. Implementation of ROBERT's algorithm
Robert's algorithm has three essential phases:
1. Elimination of back faces (faces that are parts hidden by the object itself).
For each object.
2. Determination of hidden lines (the lines that are hidden by the intersection of the objects that
make up the scene).
3. The construction of the junction lines of the intersecting volumes.

1 2 3
The three phases of Robert's algorithm

VIIl.4.4. Ray Trace Algorithm

It calculates the image pixel by pixel to determine the object seen ingepeinding on the
projection usedi consists of simulating the reverse path of light. We calculate the lighting from
the camera to the objects while light comes from the objects to the camera in reality.
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VIIl.4.4.1. Principle

1. If the projection is parallel, each pixel of the image plane is crossed perpendicularly by a ray
which will intersect zero, one, or more objects.

e If there is nantersection, the point is displayed with the background color
¢ If there is an intersection with an object, the visible point can be displayed with the object color.
¢ If there are multiple intersections with multiple objects, the visible point is thetdtoties user

and it can be displayed with the object's color.

2. If the projection is perspective, the intersection points of thiggeray with all the objects in
the scene are calculated and the closest to the eye is retained and it must leel digplalye color
of the object. This ray is called primary (eye issue, plane issue)

Let's assume the existence of a light source in the scene, the color of the point retained depends
on the color of the object and also on its illumination,jiiuiminated by the source, or it is masked by
another object, to know the algorithm launches a secondary ray in the scene, this ray coming from the
point retained and directed towards the light source, its intersection with all the objects is tested, if it
finds an opaque object located between the point and the source then the point is not illuminated by the
source but only by the ambient light.

VIIl.4.4.2. Advantage
e The ray tracing method is an extremely simple method, the only geometric calculations
requred are those of the intersection between alimglfand an object.
e The main interest of ray tracing comes from its consideration of most optical effects.
e |t allows the production of very realistic compugemnerated images.
VIIl.4.4.3. Disadvantages
e Theimage has aliasing defects, aliasing concerns the primary rays.
e Ray tracing requires a huge amount of computation
VIIl.4.4.4. Implementation of the algorithm

Algorithm
Begin
For each pixel on the screddo
Define the primary ray EyePixel
For each objecDo
Test intersections;
Take thenearest one
Relaunch of rays towards light sources;
Calculate the intensity of the intersection points;
Perform pixel color.
end~or
end~or
END

Noticed:
The algorithm can also take irdocount several light sources; it is enough to launch as many
secondary rays as there are sources in the scene.

VIII.4.5. Use of the NEWELL algorithm, NEWELL SANCHA
This algorithm applies to a scene consisting of polyhedral objects and wakgat
space.
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VIII.4.5.1. Principle

The principle is as follows

e To classify polygons according to their distance from the observer, we draw according to the depths
of the most distant vertices of each face; if faces overlap the algorithm cuts one facglagethe
containing the other face.

e Project the classified faces onto the screen plane, starting with the one farthest from the
observer.

P ‘
Faces P and Q cannot be Q is cut into Q1 and Q2 by the plan

ordered of P, order Q2, P, Q1
Theprinciple of the NEWELL algorithm

VIIl.4.5.2. Advantage

° The advantage of this algorithm is the simplicity of its principle which allows easy
implementation.

VII1.4.5.3. Disadvantage

° Determining the visibility of a face is only done at display time, wimeans that all
polygons must be displayed, even those that are not visible, which wastes time.

VIIl.4.6. Line -by-line scanning algorithms

The algorithms in this family are based on the principle of scanning a screen with
lines, so they break down theene to be viewed into planes perpendicular to the Y axis
passing through the scanning planes.

Among the algorithms of this family we cite th&atkins algorithm, theMalh
algorithm.

AY Screen

Scan line

Scanning plan & R
7 X
=4

Line by line scanning
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VIII.4.7. Subdivision algorithm

TheAlgorithms in this family subdivide either the screen or the surface into four parts
until a simple situation is reachedthe visibility problem may beasily solved.

Among the algorithms in this family, we can cite that of Warnock, which is the precursor
of the algorithms in this family, but also that@&tmulletand that of Griffiths.

Screen

\

J

i

T

L/

Theprinciple of subdivision
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CHAPTER -IX-
The rendering

IX.1. Introduction

The image synthesis processligracterized by a constant search for greater realism in
the images obtained; the images can use several million ceitiisthe elimination of hidden
parts, the creation of drop shadows, textures of transparency effects, refraction reflection.

Renderingis a method used to make the image more realistic, it can include several
attributes:
Elimination of hidden parts
Transparency
The reflections
Ambient lighting
Spot lighting
The shadows

Regarding the elimination of hidden parts, remember that thteehapter will be devoted
more specifically to algorithms for eliminating hidden parts.

[X.2. Colors

In image synthesis, color plays a fundamental role because it is essential to make images
realistic, moreover producing images with transparency eftegtsyes, shadows, requires a large
guantity of colors.

IX.3. lllumination model

Realistic image production requires giving an impression of volume and relief to the
displayed objects. For example, if we represent a sphere, we color all thesemietsly; we
would have the impression not of a sphere but of a disc. Therefore, we must distribute the color
intensities on the surface; each point can have a different intensity; this intensity depends on the
light present in the scene.

IX.4. Light sources:

We generally distinguish several types of light sources:

Ambient light.
Directional light sources.
Point sources.
Local lighting.
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IX.4.1. Ambient light
Ambient lighting is the average light in a room that arrives from all directions, incident on
surfaces evenly.

IX.4.2. Directional light sources
Directional light sources are assumed to be at infinity and illuminate the scene with parallel
rays in a given direction.

IX.4.3. Point sources
Point sources are assumed to be placed at a specific pobjeat space, they can radiate
uniformly in all directions.

IX.4.4. Local lighting sources
Local lighting is a concentration of light intensity on a specific location

llluminatedarea The source of light

N

Local lighting with a lamp

IX.5. Objects and light
When light hits an object, it can behave in different ways depending on the nature of the
material that makes up the object; we can have different types of reaction to light.

IX.5.1. Specular reflection
It is a reflection production whehe surface is shiny like a mirror which sends the ray in
a precise direction.

IX.5.2. Diffuse reflection
If an illuminated surface is matte, light rays are reflected uniformly ihiraittions

Light : Light

N

Matte surface

Glossy surface

The reflections
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IX.5.3. Light transmission

If a surface is transparent, light passes through the surface, and changes the medium, it is
refracted on the surface. When the medium changes

Light

1st place

2nd place \\ Transparent surface

3rdplace \

Light transmission

IX.6. The intensity of light
IX.6.1. Ambient light intensity:

Calculating the intensity of ambient light is the simplest case of all types of lighting, the
intensity of reflected light is obtained by the equation:

la=Ka*|

e la: represents the intensity of reflected ambient light
e Ka: represents a constant that depends on surface material
e | represents the intensity of ambient light
IX.6.2. The intensity of diffuse reflection
Any matte surface exposes light froriggat source and causes light reflection. Calculating
the reflected intensity is given by the following equation:
ID =Ip *Kd * cos(9) .

Or:

e Ip: is the intensity of the light source.
e Kd: is a constant depending on the surface material.
IX.6.3. Specularreflection intensities
If a perfectly polished or smooth surface reflects light rays in a single direction, the
resulting intensity is calculated using the following formula:

Is = Ip* Ks * cos(alpha)

¢ Ip: is the intensity of the light source
¢ n, Ks: Constandepends on the surface materials.

Diffusereflection Specular reflection
N,

Intensity of reflection
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IX.7. Shading:
An object is divided into two parts, one part illuminated by the light source and the other
part hidden from the liglgource, this hidden part corresponding to theswetiow

We have several objects in a scene, the objects which are hidden from the light source by
other objects, they have shadawesised by the objects which are between the light source and the
objects

Object 1 Object 2

—’ Shadow cast
Own shadow

The different shadows

IX.7.1. Selfshadow model

IX.7.1.1. Lambert model
In this model, it is assumed that each surface is flat or approximated by polygons, we
calculate a single intensity for eagblygon, by the following formula:

0Q 0z0 T A Az AA
Such as :

e N is the normal of the polygon

e L is the direction vector of the source.

e K constants depend on max surface intensity.
In this model it is assumed that

1. The light source is at infinity whichmplies that the light is distributed evenly over the
surface.

2. The observer is at infinity

3. The polygon represents the visualized surface well and is not an approximation of a curved

surface.
In this model the contours of the facets are visible beceask facet is colored with
different color, no color degradation.
IX.7.1.2. Flat Shading Model:
Flat-Shading is the first lighting method that was applied to 3D objects, it has the same
principle as the Lambert model.
IX.7.1.2.1. Principle:

e Theillumination of a surface based on the angle formed by the Z axis is the normal vector
to the face, the larger the angle formed, the darker the face should appear and vice versa.

e This method determines the intensity of the color that will be applied téati® the
maximum color intensity corresponding to the case where the face is illuminated to the
maximum, and the minimum value to the case where the face is at the limit of being visible an
therefore very little light.

80

Teacher : SAIFI A/Hamid




Chapter —IX - The rendering

Face /
-
| & |

i
Normal vector | Z ]

A 4
TLight é/ Normal vector to the face

zv zv

Principle of the FlaBhading method

IX.7.1.3. Gouraud-Shading Model

GouraudShading allows to make objects realistic. In fact, unlike the previous model,
it eliminates the intensity discontinuity caused by the siogler applied to a face. Gauraud
Shading allows us to calculate a different color for each pixel of a face.

IX.7.1.3.1. Principle

e Determining different color intensities for each pixel will allow us tstack our object so

that the facet appearance digaegrs. To achieve this result, the Gour&héding method
consists of calculating the normal vectors at the vertices of the facets. To determine this normal
vector, we must calculate the average of the normal vectors of the incident faces at this vertex.

e To determine all the other intensities of the surface, it is sufficient to linearly interpolate the
intensities at the vertices in rows and columns, which has the effect of generating a beautiful
gradient in the face.

Nz
grmal vector to the surface

Thenermal vector at the vertex

Principle of the methoGouraud-Shading

IX.7.1.3.2. GouraudShading algorithm

for each polygorbo
Calculate the normal to the polygon.
for each vertex X of a polyg@o
Calculate a normal by taking theerage of the normals to the faces incident omdhiex X
for each vertex X of a polyg@o
Calculates the intensity in X by Lambert's law using the calculated normal
for_each point XDo
If X belongs to the edge [a,b] of a polygben
Calculate the intensity Ix by linearly interpolating la and Ib
Otherwise
Calculate Ix using horizontal scanning by interpolating the valliesd 12

81

Teacher : SAIFI A/Hamid




Chapter —IX - \ The rendering

S
S Y,—- ¥ Y-Y
I, =1 £ =41, L4
h-F n-r
H P B
-Y ¥ —
]B :[4)73 K +13 4 B
L-% " L-F
—X Xp—X
S @:géi—i+g P-4
=== Xyg—X, Ky X,
Interpolation ofGouraudShading

IX.7.1.4. The PhongShading shading model

PhongShading is an improvement of GouraBtlading. Unlike Gauran8hading,
which interpolates the color intensity at vertices to create gradients, i@uing

interpolates the normal vectoo$ each pixel to calculate the intensity of the shadow at that
pixel.

This method provides better results than the previous method but it is expensive in
computational time, the algorithm is given as follows:

For_each polygorDo

Calculate the normal to the polygon.
For_each vertex X of a polygd@o

Calculate a normal by taking the average of the normals to the faces incidervtenteieX
For_each point belonging to an edge[NO,Ndd

Calculate a normal by linearipterpolating the normals at NO and N1

Nt=t*N1+(1-t)*NO ;/such thatt=0in NO
For_each interior point x has a polyg@on

Calculate the normal by linearly interpolating the normals of the vertices of the polygon lo
on the sweep line containirg

For each inner verteo
Calculate intensity using Lambert's law

/3D object

Interpolation Shading

No Shading Flat Shading GouraudShading  Phong Shading

Polygon rendering methods
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IX.7.2. The cast shadow

Calculatingcast shadows is a problem similar to that of eliminating hidden parts; the
problem is to determine the surface or surface area that is visible to the observer and not visible
to the light source.

A .
V<. Source of light

Obiect /| |
Shadow Zone Object
I |
Preshaded area Preshaded area

The cast shadow

There are several types of algorithms for casting drop shadows, but the ray tracing
algorithm is easier to extend to handle shadows; the method has two phases:

The first phase consists détermining the point visible to the observer by launching the
first ray.

The second phase consists of launching the second ray to determine whether the visible
point is in shadow or not.

If the ray from the light source to the visible point is cut byhbject then the point is in
shadow, otherwise it is illuminated by the source

A
Vv
Eye Source 4,»

%

y

Ray thrower and shadow

[X.8. Texture

Texture is a very interesting effect because it can make an object more realistic. The goal
is to apply arimage or a piece of an image to the faces of objects, for example, if you want to
create a stone, simply create a ball and apply a texture taken from it.

Objectives Mapping 1D, 2D or 3D images onto geometric primitives.

-Simulate materials (stone, woodg.¢t
-Reduce the complexity (number of polygons) of 3D objects
- Simulation of reflective surfaces
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Screen

Picture

Principle of texture mapping

Multiple textures can be applied to the same polygondmgbining these textures using

different operations.
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Geometric Modeling

Objective:
The objective of this lab is to buittle first part of a 3D modeler. Specibbjectivesnclude
- Build the visualization and interaction interface.
- Build the data structure based on the surface model.

Tools :
- C++Builder 5.6,.. Embarcadero RAD Studio EX10
- OpenGL Library

The work requested:
Part 1 : thevisualizationinterface

- You need to create the following interface:

ERy ]

=18

Z 146 Tup Viacw 8 300E Frund Vi B YZH

- The interface consists of the following components:
o Menu: (MainMenu)
A FileA New, Open, Save, Exit
A EditionA Copy, Cut, DeletePaste, Select
A Primitives Cube, Cylinder, Sphere, Cone, Torus
o Use thePanelandSpeedButtoncomponents to create the toolbar.
o Use thePanelcomponent to divide the visualization interface
o Use thdmage component to display the Three View Grid
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Note: See YouTube links:
https://youtu.be/DGZKCakoVss

https://youtu.be/YKkh9Gb0OVBO4

Part 2: creation of the datéarsicture

Scene
SceneName
PtrObiject
v Face 1 Face 2 Face n
Ob]ect 1 oblectTvpe » NbVertex — NbVertex :_ -=p NbVertex
1
1
1
1
i
PtrFace PtrEace PtrFace el il PtrFace
PtrObiject Null
v Face 1 Face 2 Face n
Object2 | ObijectType » NbVertex —| NbVertex - --»| NbVertex
1
1
1
1
1
i
PtrFace PtrEace PtrFace el il PtrFace i
PtrObiject Null
v Side 1 Side 2 Face n
Objectn | ObiectType » NbVertex —>»| NbVertex - --»| NbVertex
1
1
1
1
1
i
PtrFace PtrEace PtrFace el il PtrFace [
PtrObiect ~ —T— Null Null

This data structurmcludes
- Sceneis a record type node:

©)
@)

A string type field: SceneName
A PtrObject pointer field points to the list of objects in the scene

- Object: is a record type node:

o

©)
@)
©)

A stringtype field ObjectType indicates the name of the object

A field of type PtrFace pointer points to the list of faces constituting the object
A field of type PtrObject pointer points to the next object

An array of record type Point contains the coordinatesd! @oints of the object
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https://youtu.be/DGZKCakoVss
https://youtu.be/Ykh9Gb0VBO4

- Face is arecord type node:
o An integer NWertexfield indicates the number of vertices
o A color type field indicates the color of the face
o Afield of the table type Vertexindex indicates the list of indices of the poirteof
face
o A PtrFace pointer field points to the next face
- Point: is a record with three fields:
o Three double type fields (X, Y, 2)

Part 3: Data Structure Management

For our modeler:

- You need to create the following internal functions:
BOOL initialize_objet(object **ob, type_obj type)
void insert_object(object *ob_in)

BOOL init_face(face **fac)

void insert_face(object *ob_c,face *fac_in)
BOOL allocate_pts(object *ob)

void free_pts(object *ob)

void delete_face(object *ob_c,face *fac_sup)
void delete_objectbject *ob_sup)

O O O O O O O O

- You need to create the following File menu functions:
void new_file()

void open_file()

void save_file()

void delete_file()

o O O O
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Primitive objects
and geometric transformations

Objective:
The objective of this practical workto build the second part of a 3D modeler
- Build the basic objects cube, sphere, torus, ...
- Construct geometric transformations: rotation, translation and change of scale.

Tools :
- C++Builder 5.6,.. Embarcadero RAD Studio EX10
- OpenGL Library
The work requested: l
{ >
Part 1: construct the following primitive objects: Cube Cone Cylinder  Sphere Torus

Primitives

- A cube: Plot of a unit cube centered on O(0,0,0)
o The number of points (vertices) = 8
o The number of faces = 6 S3

s1 =

Demi-cercle de base

- Sphere: Draw a sphere with the following paramet n
The center of thephere C (cx,cy,cz). o
The radius of the sphere R >
The number of vertical points NPV
The number of horizontal points NPH

0 O O O

- Cylinder: Draw a cylinder with the following paramet
o The center C(cx, cy, cz) — face

The Ri ray

The He ray

The number of vertical pointsPV

The number of horizontal points NPH / cercle de base

v

0O O O O
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Torus: Draw a torus with the following parameters Z4 I
o The center C(cx, cy, cz) i Cercle de base
o The Riray
o The Heray -
o The number of vertical points NPV
o The number of horizontal points NPH
Y int
Rext
- A general cube: Plot of a cube centeoedc (cx,cy,cz), with the following parameters
o The center of the cube Z?
o The width of the cube L
o The number of points on the X axis (NPX) —
o The number of points on the Y axis (NPY) A ¢
o The number of points on the Z axis (NPZ) L UM
1
A 4 % =
/
Yi
Example of creating a sphere amntbrus
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Part 2: program the following transformations:

o X-axisauthorrotation
o Y-axisauthorrotation
o Z axisauthorrotation

With angle type step: angle, 2*anglangle,-2*angle.
Example angle = 15° andindicates reverse rotation.

o Translation to the direction of X
o Translation to the direction of Y
o Translation to the Z direction

With one step of movement: step, 2*stepssep,-2*steps.

Example: step = 10 andindicates the inverse translation.

o Scale change in the X direction
o Scak change in the Y direction
o Scaling in the Z direction

With a scaling step: step, 2*steptep,-2*step.
Example: step = 0.1 andindicates inverse scaling.

Note: See YouTube links:
https://youtu.be/9xgE9IwI3g4

Tranzformation

{~ Hotation
{~ Transzlation

{* Scale

Axes

c®CY CZ A

Step

4 ‘ £ ‘ > ‘ 3
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object

( f

1

|

€

Objective:

The objective othis practical work iso know the structure of 3D object format files

Tools :
- C++Builder 5.6,.. Embarcadero RAD Studio EX10

Introduction :
1- Definition :

OBJis a file format containing the description of a 3D geometry. This file format is open and has beer
adopted by 3D software for data import/export proces&dsgpmetric shapes can be defined by polygons

or surfaces.

2- File structure:

OBJ files are in ASCI(Text) format
- A comment can be placed by starting the line with th
character.
- A polygonal surface is described by a set of verti
(along with texture coordinates and normals at e
vertex) and a set of faces.
- Avertex is defined as follows:
v1.00.00.0
- Atexture coordinate is defined as follows:
vt1.0 0.0
- A normal is defined as follows:
vn0.0 1.0 0.0

Each face is then defined by a set of indices referring 1
the coordinates of the points, texture and normals defi
previously.

For example,he following face: f vl/vtl/vnl
v2/vt2/vn2 v3/vt3/vn3

Defines a triangle consisting of vertices with
indices v1, v2, and v3 in the vertex list v. Each of thes¢
vertices has a texture coordinate identified by its index
the texture coordinate list vt amdhormal identified in
the normal list vn.

4 &

0

LS - - - -

Hhhhhhhh b

.obj

PRRrRRODOCOO
PROOREROO

Q0000000000
] i
RPRIODOOOOOOOO

PRrREOCOE
[ I I I v

1/11/52
1/11/52
1LSFSE
1/7/6
EVE VA
3IS153
S/18e/s5
S/18/S
1511754
1/11/4
2/8/1
2/8/1

QERRLROT

e e.e
e 1.@
e e.o
e 1.@
e e.e
e 1.e
e e.e
e 1.@

.e

.

.25

.25

.25

.25

.S

.S

.5

.S

.75

75

a

=}
e 1.@
e -1.@
e ©.0
e ©.e
e e.a
e ©.0
75142
/13,2

a45a56
2/8/6
2/5/32

A4,a53
FIESS
8/5/5
s/12/54

e 9,9
6/9/1
8/5/1

S/S12/52
71452
3IF3/6
a/a/6
T2/
8/5/3
8/5/5
6/9/5
&/0/4a
2/8/4
8/5/1
arar1

When multiple objects coexist in the same file, the section defining the object is defined by

o[object name]
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Work requested:

Download *.Obj type files from sites specializing in 3D object modeling

o Forexample https://free3d.com
A Download the 3d model: 11665 Airplane_v1 |3.0bj

Building a procedure allows you to import this type of file into your 3D modeler

= e

.........

uuuuuuuuuuu
© Rntatiom

.....

Lol View 8 X2k

we-20q

=186
Z=191

See the YouTube link:
https://youtu.be/DOAQdhnFcq8

Modify the procedure you have shouted to be able to read and display other file formats, such

as:
[N [ | X | &N
N N Nw Nw) N
STP MAX FBX OoBJ X3D
| N | N | X | X 5N
N N %, N N
VRML 3DS 3MF STL DAE

Teacher : SAIFI A/Hamid


https://free3d.com/
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