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Realistic Rendering

(Photorealistic Rendering)

Courtesy of Lingqgi Yan, Rui Wang et al.
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What Is color?

* Intensities of light at certain frequencies

ultraviolet rays microwaves
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X-rays Specimum

gamma rays | Iinl‘md rays radio waves
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Recap: Local Shading
Model

Credit by: Linggi Yan



Local Shading

Inputs:
® Viewer direction, v
® Surface normal, n

® |ight direction, |
(for each of many lights)

e Surface parameters
(color, shininess, ...)




Diffuse Reflection

* Light Is scattered uniformly in all directions
* Surface color Is the same for all viewing directions
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| | In general, light per unit
area is proportional to
- - cosO=1le<n




Light Falloff

~

intensity
r here: I /r?

intensity
here: I



Lambertian (Diffuse) Shading

* Shading independent of view direction

energy arrived

N\ at the shading point
//\‘\
\ 7 |
1 n / _ 2
Lij=kq(I/r")max(0,n-1)
] |
diffuse energy received
coefficient by the shading point
(color)
diffusely

reflected light



Specular Term

* Intensity depends on view direction
* Bright near mirror reflection direction

N\
Ty

N\, w2

v




Specular Term (Blinn-Phong)

wis h = bisector(v,1)

A srmE
\ v (ﬁm_) v + 1
n b / ~ v+

|
\é/v I‘LS = kg (I/7*)max(0, cos a)?

= ke (I/r*)max(0,n - h)?

specularly
reflected

light specular
coefficient




Ambient Term

* Shading that does not depend on anything

* Add constant color to account for disregarded illumination and fill in black
shadows

ambient
coefficient

reflected
ambient light



Blinn-Phong Shading Model

Blinn-Phong
Reflection

Ambient + Diffuse =+  Specular =

L =L+ Lg+ L
= ko Iy + kg (I/r*)max(0,n-1) + ks (I/r?) max(0,n - h)?
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Material = BRDF

Bidirectional Reflectance Distribution Function



BRDF

) i f""(gi: qbia 60:: (bn)

* At any position, it represents
how much light is reflected
into each outgoing direction
from each incoming direction

* 4D function
2D for incoming direction
2D for outgoing direction



BRDF




Lambertian Material | |

* Light is equally reflected in each :
output direction L

[Mitsuba renderer, Wenzel Jakob, 2010]

Uniform colored diffuse BRDF Textured diffuse BRDF



Lambertian Material

* Suppose the incident lighting 1s uniform:

Lk Lo(wy) = frLi(w;) cos 0; dw;
.| -

= frL; | —=rcosb; dw;
H2

— ﬂ-f’rLi

fT P — albedo (color)

=



Glossy material (BRDF)

r. —







Reflective / refractive material ST LED > .
(BRDF) | |

Air <-> glass interface

Air <-> water interface . .
(with absorption)



Material == BRDF

* Because BRDF defines how the light interacts objects

Diffuse Glossy Specular



The Rendering Equation
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* 1. Light travels in straight lines

* 2. Light rays do not “collide” with each
other If they cross

* 3. Light rays travel from the light sources
to the eye




Radiance (3F5J%)

« Radiant energy at x in direction w:

« A5D function L(x,w) : Power
* per projected surface area
 per solid angle




Solid Angle

- Angle - Solid angle
— circle: 27 radians — sphere: 47 steradians




Light Transport

* Goal
* Describe steady-state radiance distribution in virtual scenes

* Assumptions
* Geometric optics
* Achieves steady state instantaneously



Radiance at Equilibrium

* Radiance values at all points in the scene and In all
directions expresses the equilibrium
* 5D “Light-field”
* We only consider radiance on surfaces (4D)
* Assuming no volumetric scattering or absorption

g —

® "




Rendering Equation (RE)

* RE describes the distribution of radiance at equilibrium

* RE involves:
* Scene geometry

* Light source info. -

* Surface reflectance info.
* Radiance values at all surface points in all directions RYALGQENY




Rendering Equation (RE)

[outgoing] = [emitted] + [reflected]

L

= L(x,w) + L. (x,w)

/ Li(x,w;) fr(x,w; < w){ng,w;)dw;
Qw N

J

Y

= cos b;



Rendering Equation

L(z,w)| = Le(r,w) +

Li(x,w;) fr(x,w; <> w)(Ng,w;)dw;

o Incoming
radiance




Solving Rendering Equation

Credit by Rui Wang, Shuang Zhao



Solving Rendering Equation

* What is the color of pixel (1,)7?

LG(I»’ ‘CUO) — Le(xr mo) + f Li(x; wi)f;«(X, Wi — (UO)CUSQidCUi ”
HZ : -




Solving Rendering Equation

* What is the color of pixel (1,)7?

LG(xJ wo) — Le(xr wﬂ) + f Li(xl ml)k" (.'Xf, w; = wo)cosgidwi
HZ




Solving Rendering Equation

* What is the color of pixel (1,)7?

L.[x ) = L(x t,) +f L;(x, mi)}ﬁ.(x,mi — w,)cosO;dw;
HZ
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) AL
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Lo(x, w,) = f Li(x, wi) fy (x, w; = w,)cosh;dw;
" Z




Solving Rendering Equation

* What is the color of pixel (1,)7?

L;(x, mi)% (x, w; = w,)cosH;dw;
1

Lo (%, @5) = Lo(x, w,) + f
HZ

A
4 r _ N
Lo(x, ) = ] Li(x, @i)/fr (x, w; = w,)cosO;dw;
H> ]
A i
4 § N
Lo(x, wo) = | Li(x, ) fr(x, w; = w,)cost;dw;

HZ




Solving Rendering Equation

* What is the color of pixel (1,)7?

L,(x,w,) = Lo(x, w,) +f L;(x, w;)f, (x, w; = w,)cosO;dw;
HZ
I

r ~
Lo(x, wp) = j Li(x, w;) f;-(x, w; = w,)cosb;dw;
HE T

AL

- R T\<
Lo(x, w,) = J Li (x, w;) f- (x, w; = w,)cos8;dw; \7
H?
\
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~

I"/-_ 1
1 Cntitg) = f Lt ) o (2 oy = ) eosByd,
HZ



N ERERE A
Ray Tracing

Courtesy of Lingqi Yan, Rui Wang, Shuang Zhao et al.



Solving Rendering Equation

* What is the color of pixel (1,)7?

LG(xJ' wo) — Le(xr {UG) + f Li(x; wi)ﬁ«(X, w; — (UO)CUSQidCUi /
H2
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Ray Casting

* Appel 1968 - Ray casting
* 1. Generate an iImage by casting one ray per pixel
* 2. Check for shadows by sending a ray to the light




Ray Casting - Generating Eye Rays

eye ray

(starts at eye and goes

through pixel)
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(or the near plane
in perspective projection)
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closest scene
intersection point

light source

note: more intersection
points



Ray Casting - Shading Pixels (Local Only)

eye ray
(starts at eye and goes -
through pixel)

\\.
N
[
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43 \\\\
. N
eye point \\\
B
image plane

/ ﬂﬁb
perform shading calculation b i
here to compute color of pixel  light source
(e.g. Blinn Phong model)



Recursive (Whitted-Style) Ray Tracing

“An improved [llumination
model for shaded display”
T. Whitted, CACM 1980

Time:
e VAX 11/780 (1979) 74m
e PC (2006) 6s
e GPU (2012) 1/30s

Spheres and Checkerboard, T. Whitted, 1979



Recursive Ray Tracing
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image plane
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Recursive Ray Tracing

Reflected ray
(specular reflection)
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Recursive Ray Tracing

~_
= Refracted rays
(specular transmission)
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Recursive Ray Tracing
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Recursive Ray Tracing

secondary rays

primary ray
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color trace(point p, vector d, int step)

{

color local, reflected, transmitted;
point g;
normal n;

if (step > max) return (background color);

q = intersect(p,d, status);
if (status == light source)

return (light source color);
if (status == no_intersection)

return (background color);

n = normal (q) ;
r = reflect(q,n);
t = transmit(q,n);

local = phong(g,n,r);
reflected = trace(q,r,step+l); // if this is a reflected

transmitted = trace(q,t,step+l); // if this is a transmitted

return (local+reflected+transmitted) ;



Recursive Ray Tracing
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* Axis-Aligned Bounding Box (AABB) (1 %J3F B E &)
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Oct-Tree
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. Bounding Volume Hierarchy (BVH)




Spatial vs Object Partitions

Spatial partition (e.g.KD-tree)
® Partition space into
non-overlapping regions

® An object can be contained
in multiple regions

Object partition (e.g. BVH)
e Partition set of objects into
disjoint subsets

® Bounding boxes for each set
may overlap in space




Discussions



Recap: Ray Tracing

[Ray Generation ] «

!

[ Intersection ]

l

[ Shading J——
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Radiosity

=er% VA

Courtesy of Lingqgi Yan, Rui Wang et al.
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Rendering Equation

Lxw)=L(xw)+L(x0)

=L (x,m,)+ I f(x,0. > o)L (x,m)cost do,
H =] -

solid angle dwg

direction &




Another Form of Rendering Equation

L(x,x)=L (x',x)+
I 1.(x", xx) L(x", x") G(x",x") dA"(x")

i M

[Integrate over}

all surfaces

solid angle dwg




Another Form of Rendering Equation

L(x',x)=L (x",x)+
[ f("x.x) LX) G(". x) dA (x")

M2 ﬁ F

Integrate over Geometry term
all surfaces COSQ"COSH' _
G(x",x" = 2V (x", X'
H’ F
Visibility term
(- &
] visible

(" x) =

0 not wisible

\



Solving the Rendering Equation

Lo(xo, X0 ) = Le(Xo, X0 ) + | Lixo, X0 )fr (o, Xo, Xg )G (Xo, Xo)dA(xg
MZ

(
Lo(xy,x1) = Lo(xg,x1) + | LiCxy,x1 ) (g, xq, x1 )G Cxy', x1)dA(xy)
M2

Ly (X xn) = Lo(xlyx ) + f
ME




Solving the Rendering Equation

_______________________

_________________________________________________

_______________________




Solving the Rendering Equation

L=L,+KolL= (I—K)oL=L,

Sparse!
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Successive Approximation

1
(I—K)_lzmzl‘l‘K‘FKz‘l‘“' » L'??:L'€+KOL'”




Thank you!

Questions?
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