Lecture 20: Introduction to Graphics
and 3D Modeling

Yuhao Zhu

http://yuhaozhu.com
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The Roadmap

3D Modeling

Modeling and Rendering
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https://news.developer.nvidia.com/call-for-papers-real-time-ray-tracing/



https://marmoset.co/posts/physically-based-rendering-and-you-can-too/
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https://news.developer.nvidia.com/call-for-papers-real-time-ray-tracing/

https://helpx.adobe.com/cy_en/dimension/using/apply-materials-images-to-models.hntm| 6
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Graphics Rendering

Image Sensin Image Signal
Physical Scene Optics , J g J g
. . . (Optical to electrical Processing
(Objects, lights) (Gather light) , , , ,
signal transformation) (Signal reconstruction)

» Why do those images look “real” to you?
> Photorealism: a rendered image that looks like taken by a camera

» Simulating the camera pipeline (sometimes assuming perfect optical
to electrical signal transtformation)

> Could simulate some desired optical distortions



Computer Graphics

Lighting, Camera,
and Material

V
._{> Rendering | >

N

Visibility Shading

N

Rasterization  Ray tracing

https://docs.blender.org/manual/en/dev/render/introduction.htm|  http://www.cgarena.com/freestuff/tutorials/max/thomas_highway/sergeant.html 9



Modeling Objects



Polygon mesh

3D Modeling

Parametric/Implicit surface
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https://commons.wikimedia.org/wiki/File:Sphere_-_monochrome_simple.svg
https://www.researchgate.net/figure/Comparison-between-greedy-and-spectral-reconstructions-of-a-sphere-mesh-with-jittered_fig2 283890246
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Point cloud

11


https://www.researchgate.net/figure/Comparison-between-greedy-and-spectral-reconstructions-of-a-sphere-mesh-with-jittered_fig2_283890246
https://commons.wikimedia.org/wiki/File:Sphere_-_monochrome_simple.svg
https://twitter.com/dmitriatsafe/status/1066037693174341632
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https://docs.blender.ora/manual/en/dev/render/introduction.html



http://www.cgarena.com/freestuff/tutorials/max/thomas_highway/sergeant.html
https://docs.blender.org/manual/en/dev/render/introduction.html
https://www.geom.at/terrain-triangulation/

Mesh

v3

face

v4

vO

edge

<

vertices

\/w

@ www.scratchapixel.com

https://en.wikipedia.org/wiki/Polygon_mes

h

vertices

7

<\

surfaces
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https://en.wikipedia.org/wiki/Polygon_mesh

Normals

face normals

D www.scratchapixel.com

vertex normals

Normal

axb

Calculating the normal of a face
by taking the cross-product of
two vectors on the face.

bXxa
=-aXb

https://en.wikipedia.org/wiki/Normal (geometry)

14


https://en.wikipedia.org/wiki/Normal_(geometry)

General Idea of Representing a Mesh

\"A

V3

VO

V4

V2

Encoding the coordinates of each vertex

VO {1, 1, 2}, V1 {-1, 2,1}, V2 {0, 1, 0}, V3 {-1, -1, 2}, V4 {1, -1, 2}

Encoding vertices of each face Could also have a
(VO, V2, V11, V1, V2, V4, V3] normal vector list and
’ ) ’ ’ ’ ’ various other primitives

RenderMan-like Interface
# of vertices

n each face Vertex Index Array

4

PointsPolygon [3,4] (0,2, 1,1, 2, 4, 3] *P”

e R

1,1,2,-1,2,1,0,1,0,-1,-1,2,1, -1, 2]

T

Vertex Coordinates Array

15



Polygon Triangulation

» Converting a polygon into a set of triangles.

> Why? It usually allows more efficient implementations to have just one kind of primitive.

A “fan triangulation”
&> @ @ @ @ @ that converts a convex

N-gon into N-2 faces.

Ear-clipping T,
triangulation. o
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https://en.wikipedia.org/wiki/Polygon_triangulation



https://en.wikipedia.org/wiki/Polygon_triangulation

Parametric Curve

» Parametric curve: defining a curve by evaluating a set of parametric
equations. Each equation has 1 parameter. R+R?

Parabola (y = x2) Ellipse (x2/a2 + y2/b2 = 1)

Y y=x2"

To define a curve, the
parametric equations
have 1 parameter (t).

xX=1 X = a cos(?)
y = tz y = b Sln(t)

http://amsi.org.au/ESA_Senior_Years/SeniorTopic2/2a/2a_2content 1.htm|



http://amsi.org.au/ESA_Senior_Years/SeniorTopic2/2a/2a_2content_1.html

Parametric Surface

» Parametric surface: detining a surface by evaluating a set of parametric

equations. Each equation have 2 parameters. R2-R3

Spherical surface
with a fixed radius p

¢ = psifgkodd] | "y
y=p Sm.S n. 0
7= Coa. X

T~

https://www.quora.com/What-is-the-difference-between-the-cylindrical-coordinate-system-and-spherical-coordinate-system

Cylindrical surface
with a fixed radius p

x=pco

y=p sm.
< =[z]

/

To detfine a surface, the parametric equations have 2 parameters.

.........

18


https://www.quora.com/What-is-the-difference-between-the-cylindrical-coordinate-system-and-spherical-coordinate-system

Bezier Curve

» Bezier curve is a kind of parametric curve expressed as a weighted sum of a
set of control points.

> Weights are given by the Bernstein polynomial. Two end control points are on the curve.

Linear Bezier curve

oP,
Control

points T P;

-
"°_,./0/‘/./‘

P=(1-1t)Po+tP; t

0 oP,

https://en.wikipedia.org/wiki/B%C3%A9zier curve



https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Curve

Quadratic Bezier curve

Pa=(1-1t) Po+ tP;
Pg=(1-t)P1 +tPy
> = (1-1) Pa + t Ps

—_

oP,

oP, t=0 oP,

Quadratic bezier curve has 3 control points.
The curve changes with the control points.

(1-1)2+2t(1-t) +t2=1.Pisa
weighted sum of Pg, P4, Po.

P=(1-1)2Po+ 2t(1-t) P, + 2 P;

20



Bezier Curve

» A bezier curve of order n has (n+1) control points.

Third-order Bezier curve P=(1-t3Py+ 3(1-t)2tP; + 3(1-t)t2 P, +13 P

OP1 Ql R1 OI)2 L

(1-13 , _
0.8F - ...................... ...................... ..................... |
oo N\ o

\3(1 - t)2t 3(1 - t)t2 /
P1 OPZ 0.4b .................... .................... ......................
02 ..................... .................... .................... |

230 ol.z oi.4 Oi.6 O'.8_ 1.0
Po t=0 OP3

https://en.wikipedia.org/wiki/B%C3%A9zier curve


https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Curve

» A bezier curve of order n has (n+1) control points.

Third-order Bezier curve Fourth-order Bezier curve

oP, OR R, oP, o P, Q; oP,

Qs
PO t=25 0P3
oP,
oP,
LPO t=0 oP, Po t=0 0P,

https://en.wikipedia.org/wiki/B%C3%A9zier curve

22


https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Curve

Weights. Sum of weights is 1. So any point
is a weighted sum of all the control points. Control

Parameter

Basis functions:

Bernstein — bl,n(t) — (’:) tl(l - t)n—i

polynomials

Binomial

coefficients end points of the generate curve.

(n) n! The first and last control points are also the

t) tn—1)!

https://en.wikipedia.org/wiki/B%C3%A%zier curve 23



https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Surface

» A (m, n) bezier surface defines a surtface where every point is a weightea

sum of (m+1) x (h+1) control points.
p(u,v)

= B2(u)B;(v)Pyy + B ()B; (V)P + B;(u)B;(v)Py + B3 (u)B>(v)P5

A (3, 3) Bezier surface/patch

’ v) P30 -—BS (u)Bf (V)Py, 313 (u)Bf (WP B; (M)Bi3 (V)P B33 (”)1313 (V)P5

NN \ e
R et

R\ N oo -

A AL
S
N/

N Y N — N AN
L SRS

+By(u)B;(v)Py, + By (u)B;(v)Py, + B3 (1)B5(v)Py, + B3 (1)B5(v)Ps3,

NS

+B:(u)B;(v)Py3 + B; (u)B;(v)P,5 + B;(u)B;(v)Pys + B3 (u)B;(v)Pss

' Poy Py Py Pos (1-v)°
" P 10 P 11 P 12 P 13 3\/(1 — V)z
(u,v) = |(1 = w)’, 3u(l — u)?, 3u*(l —u), u’| X X
5 [ ] Prg Pyy Py Py 3v3(1 — v)
03
https://en.wikipedia.org/wiki/B%C3%A%zier curve P3O P31 P32 P33 V3 24


https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Surface

» A (m, n) bezier surface defines a surtface where every point is a weightea
sum of (m+1) x (h+1) control points.

A (3, 3) Bezier surface/patch

Poo A Lo . 5 ? 5 o :
u V) i i
Petuttnne p(u, : | | | , . . ,
‘aﬁ-‘“{-.\:“,-%‘\‘?w\ \ ol \ S SR e o8l N\ S IR A
SO “‘s“i\s&\\\, _ . f ? f f 5 f !
NN SRR N : 3,
W wm—— \ s oel  \E__ 3, e s oel O\ T R o B 3(V)| ____________
b o N
g 0_4_323.(14.).'.@ -------------------- ~ A 0.4 P ~ A S, S
] 3,
AW
o2/ aBIGN N\ ool /o W N AN
' V) 1
B3 (1) z ' ' V),
[ E : : : :
O'%.o o..z oi.4 Oi.6 O'.8 1.0 0'% 0 0.2 0.4 0.6 o.?:; 1.0
“‘“ —> ()(V)
) >

https://en.wikipedia.org/wiki/B%C3%A9zier curve



https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Bezier Surface

» A (m, n) bezier surface defines a surtface where every point is a weightea
sum of (m+1) x (n+1) control points.

)= ¥ Y BB

i=0 j=0
n

B = (1) ' = uy

!
(’z) B i!(nn— 1) !

J 16

- © www.scratchapixel.com
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Bezier Surface to Mesh

Fewer samples

» A Bezier surface could be used directly for
rendering, but it is usually converted to a mesh
(tessellation), which is easier to render.

> Sample the Bezier surface by calculating a set of points,
which become mesh vertices.

> Connect these vertices generates a mesh.

> Sampling could be uniform, or could be non-unitorm
\ (e.g., more sample when curvature is higher).

More samples

https://en.wikipedia.org/wiki/B%C3%A9zier curve

27


https://en.wikipedia.org/wiki/B%C3%A9zier_curve

Point Cloud/Point Set
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https://www.sciencefocus.com/future-technology/notre-dame-how-faithfully-can-we-rebuild-the-cathedral-with-modern-tech/

Laser Scanner

- B, o st | oy T
N “!-fﬁ::—fa R "

- ': & I ;

From Mike Jarvis, Prof. @ History Dept. Scanning Elmina

L .
aser scanner Castle, a UNESCO World Heritage Site at Ghana.

https://metrology.news/shining-3d-launch-first-wireless-freescan-handheld-3d-laser-scanners/

29


https://metrology.news/shining-3d-launch-first-wireless-freescan-handheld-3d-laser-scanners/

LIDAR

Velodyne LiDAR (Light
Detection and Ranging)

https://www.iftas.de/Main/VelodyneHDL64E?setlang=en

https://news.voyage.auto/an-introduction-to-lidar-the-key-self-driving-car-sensor-a7e405590cft?gi=78c92169e8e

Uber’s self-driving car equipped with LiDARs

ADVANCED
TECHNOLOCIES

30


https://news.voyage.auto/an-introduction-to-lidar-the-key-self-driving-car-sensor-a7e405590cff?gi=78c92169e8e
https://www.iftas.de/Main/VelodyneHDL64E?setlang=en

LIDAR

Tilting mirror

Optical rotary
encoder

Servo motor

| aser source

Optical rotary
encoder

Recelver

1.40 - 1.60 m

31
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https://arch.ethz.ch/en/news-und-veranstaltungen/lehre-forschung/Point-Cloud-in-Landscape-Architecture.html

iPhone 12 Pro LiDAR sensor allows for
6x faster low-light autofocus, instant AR

What are these
cameras?

LIDAR Scanner

https://nerdschalk.com/best-ar-apps-and-games-we-want-on
https://appleinsider.com/articles/20/10/13/iphone-12-pro-li



https://appleinsider.com/articles/20/10/13/iphone-12-pro-lidar-sensor-allows-for-6x-faster-low-light-autofocus-instant-ar
https://nerdschalk.com/best-ar-apps-and-games-we-want-on-android/

Point Set Triangulation

» Point set could be used directly for rendering (point-based graphics), but it
is usually converted to a mesh, which is easier to render.

T T Delaunay triangulation: no
point is inside the
circumcircle of any triangle.

https://www.semanticscholar.org/paper/Triangulating-Point-Clouds-with-Spherical-Topology-Hormann-Reimers/ba74ab9052e51e5ca3e7b18b7897b51826e359db



https://www.semanticscholar.org/paper/Triangulating-Point-Clouds-with-Spherical-Topology-Hormann-Reimers/ba74ab9052e51e5ca3e7b18b7897b51826e359db

Additional Readings

» Tessellation of 4x4 Bezier Patches for the Intel Pentium |l Processor

» Bézier Curves and Surfaces: the Utah Teapot. A series of articles from
scratchapixel on Bezier curves and surfaces.

36


https://www.gamasutra.com/view/feature/3441/tessellation_of_4x4_bezier_patches_.php?print=1
https://www.scratchapixel.com/lessons/advanced-rendering/bezier-curve-rendering-utah-teapot/bezier-curve

