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2 KLEC

Shadows tell us about the relative locations and motions of objects

http://gandalf.psych.umn.edu/users/kersten/kersten-lab/images/ball-in-a-box.mov
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Kivntpo

Ol odaipec kot ot KUBoL kaBovtal mavw oto emninedo;
Mola N oxeon METAEL TOUC;

Elvat ol idlec ol SUO ELKOVEC;
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To amoTtEAECUA TNG MPOOCOAKNG OKLWV

Aplotepa AgfLa
O kUBoC¢ elval tavw oto eminedo, n opaipa OxL Eivat ko ta 00 oto eninedo
H odaipa eival o pnpootd armno tov KUBo H odaipa eival dimAa amo tov kUPo
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George Drettakis
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2KLEC: MaAOKEC Kol ZKANPEC OKLEC

Soft shadows Hard shadows

area light point light directional light
source source source

W
AT

¥~ penumbra —
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2KLEC: MaAOKEC Kol ZKANPEC OKLEC

Point lights have hard edges, and area lights have soft edges

Soft shadows Hard shadows

14 ENA426 | Tpadika YmoAoyLotwy



2KLEC

Real-Time Offline

Directional Point Light Spotlight Area Light Mesh Light
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Rendering Shadows

= Despite its importance, rendering shadows is not very straight forward

= Precise rendering of shadows require ray tracing or global illumination
techniques, which are very computationally costly

= |n order to avoid such intense computation, many techniques have been
proposed for the graphics pipeline.
= Projective shadows
= Shadow texture
= Shadow volume
= Shadow map
= Soft shadows

16 ENA426 | Tpadika YmoAoyLotwy
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2KLEC OTTO ONMELAKEC TINYEC

= YrtoAoyilovtol toAU 1o eUKoAa Kol ypriyopa
= o edpopOYEC TPAYHOTLKOU XPOVOU Elvall
ouvnNOwc N povn emioyn
= TUmol aAyopLlBuwv
= Yriapyxouv dekadec S1adpOpPETLKEC TIPOCEYYLOELG
= NOoyw Twv GPU, £xeL emikpatrost to shadow mapping
= YnoAoyilovtai o€ kaOe frame

ENA426 | Tpadika YmoAoyLotwy




Shadows — Simplest Hack

= Render each object twice
= First pass: render normally
= Second pass: use transformations to project object onto
ground plane, render completely black

= Pros: Easy, can be convincing. Eye more sensitive to
presence of shadow than shadow’s exact shape

= Cons: Becomes complex computational geometry
problem in anything but simplest case
= Easy: projecting onto flat, infinite ground plane

= Hard(er): how to implement for projection on stairs?
Rolling hills?

18 ENA426 | Tpadika YmoAoyLotwy

http://web.cs.wpi.edu/~matt/courses/cs563/t

alks/shadow/shadow.html



http://web.cs.wpi.edu/~matt/courses/cs563/talks/shadow/shadow.html

Weudookiec (Fake Shadows)

= AKOMN TIC BAEMOUE O€ KAToLa TTALLYVidLaL

Images from TombRaider. ©Eidos Interactive.

= 2NV 1o amAn tToug popdn:
= XpAon evog otaBepol cuvolou armo sprites A PevTikwy tpoBoAwv (fake projections) cav okLEg

= No global effect
...but better than no shadow at all ©
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WeubOOOKLEC

MpoBoAn Twv MOAUYWVWV CTO TTATWHLAL

Na EMONUAVOUUE OTL:

Xpeladletal o avaoxedlaopoc oAOKANPNGS TNEC OKNVAC VLo KABE receiver (N
TOUAAXLOTOV OAWV TWV OVTIKELLEVWYV TTOU gpdavilouv oKLa)

OL OKLEC HEV QTTOKOTITOVTOLL OTNV 0K TOU receiver
Aev UTIAPYOUV OKLEC HETAEL aVvTIKELLEVWV (inter-object)
AVTIKELLEVA KATW OTIO TOV receiver akOUo TIPOKAAOUV OKLEC
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WeudOOKLEC YOl KATEVOUVOUEVN TtNYN

(x, vy 2)) \\\A\

ground i AN
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WeudOOKLEC YOl KATEVOUVOUEVN TtNYN

= KaBe onueio p = (X, ¥,y Z,) TpoParetaL oto g = (X, ¥, 0) faon tng kateuBuvong
tou dwtog L = (x, ¥y, 7))

= AUTO yivetol pooBETovTac Eva IivaKka otnV ypadLlkn cwANVwWon ou « LoOTIESWVELY
TOL OVTLKELPEVAL

= Exoupe
g=p+tLadot z,=0= 0=z,+tz = t=-2/7
KOLL
X, =X, - (2,/7).%
& P P (1 0 0 0)
Yg — Yp - (Zp/zl)'YI 0 1 0O O
m . [ X -
Ta T[L? navw pog divouv > | — % 3% 0 0
TOV TTVOKaL: | |
. 0 0 0 1
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Napadeypa pe PeudOOKLEC

Bert Schoenwaelder
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Lifting the shadow above the surface

Light Viewer
¥¢ ®

Shadow height equal with hit polygon Shadow height above hit polygon

e Tricks:
— Lift the shadow a little off the plane to avoid z-buffer quantization errors
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Point Light Shadows : problem

shadows can only be cast onto planes and not on arbitrary
objects.

the resulting shadows generated have hard edges

If there is a texture on the floor, grey shadows look bad

= If we use blending, the shadow part with multiple polygons
overlapping will look darker

The shadows need to be re-rendered at every frame although
its shape is view independent

ENA426 | Tpadika YmoAoyLotwy




Shadow Texture

= Use a shadow image as a projective texture
= Generate an image of the occluder from the light’s view and color it grey
= Produce a shadow by texture mapping this image onto the background object

26 Dr. Andreas Aristidou



Q: How do we compute the uv coordinates?

e For mapping the shadow texture, we need to know the uv
coordinates of the texture at every vertex of the background
mesh

mapping onto the
background

texture

27 Dr. Andreas Aristidou



Q: How do we compute the uv coordinates?

e View the object from the light source

e Project the background object onto the projection plane used
to produce the shadow texture

e Obtain the (x,y) coordinates and normalize
— This becomes the uv coordinates

28 Dr. Andreas Aristidou texture



Shadow Texture : Cons and Pros

Pros
= How is it good compared to shadow texture?

= The shadow does not need to be recomputed if the
occluder does not move.

Cons

= The object that produces the shadow and the subject
that it is projected onto must be specified.

= The quality of the shadow is affected by the resolution
of the shadow texture.

= Cannot produce self-shadows.

29 Dr. Andreas Aristidou



Shadow Mapping
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Shadow Mapping: Baoikn apxn

= The basic shadowmap algorithm consists in two passes.

The scene is rendered from the point of view of the light. Only the depth of each fragment is
computed.

The scene is rendered as usual, but with an extra test to see if the current fragment is in the shadow.
= The “being in the shadow” test is actually quite simple. If the current sample is further from

the light than the shadowmap at the same point, this means that the scene contains an
object that is closer to the light. In other words, the current fragment is in the shadow.

3 Distances stored in a texture
("shadow map")

Projected shadow

31 ENA426 | Tpadika YmoAoyLotwy OpenGL Tutorial: http://www.opengl-tutorial.org/intermediate-tutorials/tutorial-16-shadow-mapping/



http://www.opengl-tutorial.org/intermediate-tutorials/tutorial-16-shadow-mapping/

Shadow Mapping: Baoikn apxn

= Render scene using each light as center of

projection, saving only its z-buffer e v/h'é’s'lﬂi‘
= Resultant 2D images are “shadow maps”, one
per light

= Next, render scene from camera’s POV

= To determine if point P on object is in shadow: Shadow map (on right] obtained by rendering
compute distance d, from P to light source from light’s point of view (darker is closer)

convert P from world coordinates to shadow map
coordinates using the viewing and projection matrices
used to create shadow map

look up min distance d, .. in shadow map

Pisinshadowifd,>d,, ie., itlies behind a closer
object

Camera

32 ENA426 | Tpadika YmoAoyLotwy



Shadow Mapping: Baoikn apxn

Shadow/View Duality

* A pointis lit 1f 1t
1s visible from the
light source

e Shadow
computation
similar to view

computation D

ENA426 | Tpadika YmoAoyLotwy




4

Introduced by Lance Williams. 1978. Casting curved shadows on curved surfaces. In Proceedings of the 5th annual conference on
Computer graphics and interactive techniques (SIGGRAPH '78). ACM, New York, NY, USA, 270-274.
DOl=http://dx.doi.org/10.1145/800248.807402

Shadow mapping

. > ) . ineli light light
2 EpAopOTa LECow Tou pipeline (Shadow map 4

= Yrtohoylopoc shadow map
(BaBoc¢ amo pwtewvn tnyn)

= IXeOLOOMOC TEALKNC ELKOVOG
(€Aeyxoc shadow map yLa va
doupue av ta onpeia oklalovtol)

Figure from: Akenine-Moller et al. “Real time Rendering”
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Shadow Map Look Up
= Exoupe eva 3D onueio (X,Y,2)
= Nwc Bplokoupe (look up)

10 BaBoc amo to

shadow map;

= Xpnon 4x4 mivako TTpoOoTTIKAC
npoPoAng ano ¢wTieLlvn Nyn yLa
va tdpoupe (x',y',2"),«

= ShadowMap(x',y') < z'?

ENA426 | Tpadika YmoAoyLotwy

Light Space World Space

light light
( shadow map

5 (X"yl’Z')LS Vb(X,y,Z)WS

Figure from: Akenine-Moller et al. “Real time Rendering”



Shadow Mapping: Baoikn apxn

= Pro: Can extend to support soft shadows
= Soft shadows: shadows with “soft” edges (e.g., via blurring)
= Stencil shadow volumes only useful for hard-edged shadows

= Con: Naive implementation has impressively bad aliasing
problems

= When the camera is closer to the scene than the light, many
screen pixels may be covered by only one shadow map pixel
(e.g., sun shining on Eiffel tower—note: z-compression again!)

= Many workarounds for aliasing issues

= Percentage-Closer Filtering: For each fragment, sample shadow
map in multiple places to see how many are in and out of
shadow, then average

= Cascaded Shadow Maps: Multiple shadow maps, higher
resolution closer to viewer (like mip mapping!)

Aliasing produced by naive
shadow mapping

http://developer.download.nvidia.com/books/HTML/gpugems/gpugems ch08.html
38 ENMNA426 | ['pad)u(d YT[O)\OVI.OT(bV http://www-sop.inria.fr/ reves/Marc.Stamminger/psm/



http://developer.download.nvidia.com/books/HTML/gpugems/gpugems_ch11.html
http://developer.download.nvidia.com/SDK/10.5/opengl/src/cascaded_shadow_maps/doc/cascaded_shadow_maps.pdf
http://developer.download.nvidia.com/books/HTML/gpugems/gpugems_ch08.html
http://www-sop.inria.fr/reves/Marc.Stamminger/psm/

NMeploplopoi twv Shadow Maps

1. Omntwko medlo
light

2. Bias (Epsilon) (~ shadow map

3. Tavtwon
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1. To tpoBAnHa TOU OMTLKOU eSOV

= TLylvetal av to onpeio Bploketal
£EW OO TO OTITLKO TIESLO TOU
shadow map;
= €LTE XPNOLUOTIOLOU UE «KUPBLKO»
shadow map (6nAadn 6 shadow
map)

* | XPNOLUOTIOLOUE LOVO
spot lights ) directional lights!

https://docs.microsoft.com/en-
us/windows/win32/dxtecharts/c
ommon-techniques-to-improve-
shadow-depth-maps
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https://docs.microsoft.com/en-us/windows/win32/dxtecharts/common-techniques-to-improve-shadow-depth-maps

2. The Bias (Epsilon) Nightmare

= Lo eva onpelo opato amo 1n
dwWTELVN TINYN light

shadow map
ShadowMap(x'y’) ~ 7’ ¢

= Nwc¢ pmopou e va amodUYOUUE
AavOoopEva auto-okiaon
(self-shadowing)?
= MNpooB<toupue bias (epsilon)

= http://www.opengl-
tutorial.org/intermediate-
tutorials/tutorial-16-shadow-mapping/

11 ENA426 | Tpadika YmoAoyLotwy


http://www.opengl-tutorial.org/intermediate-tutorials/tutorial-16-shadow-mapping/

2. Bias (Epsilon) for Shadow Maps

ShadowMap(x’,y’) + bias < 2’
= H erihoyn KaAnc TLun¢ ya bias pmopet va eivat oA tricky

JWOoTH €KOVA OyxL apketo bias YriepBoALko bias

42 EMA426 | Tpadikd YrmoAoylotwy



2. Bias (Epsilon) for Shadow Maps
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2. Bias (Epsilon) for Shadow Maps

= Peter-panning: shadows incorrectly
offset from objects (yes this term
comes from the character Peter Pan)

= Shadow acne: precision aliasing

= They are slow. Why?

= We are looking at a number of texels
around a sample and taking the average.

Peter-panning

= You may already be thinking that we
could do two 1D convolutions to speed
up the naive approach but we still have
the issue of sampling overdraw

= If only there was a better way...

Shadow acne

https://docs.microsoft.com/en-us/windows/desktop/dxtecharts/common-techniques-
44 ENA426 | Tpadikd YmoAoyLlotwy to-improve-shadow-depth-maps



https://docs.microsoft.com/en-us/windows/desktop/dxtecharts/common-techniques-to-improve-shadow-depth-maps

3. Tavtion Shadow Map

= Avemnapknc dewypoatoAnyia (Under-sampling) tou shadow map

= EnmavamnpofoAn tauTtiong — oAU KOKO OTav n KAUEPA Kol To dwc PAEMOUV TO
£VOL TIPOC TOo AAAO

Perpsective aliasing

ENA426 | Tpadika YmoAoyLotwy
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3. TaUtion Shadow Map

eye

ENA426 | Tpadika YmoAoyLotwy

light

floor

eye

light

floor



3. Shadow Map Filtering

e Should we filter the depth?
(weighted average of neighboring depth values)

« No... filtering depth 1s not meaningtul

47

Surface at z = 49.8

<49 .87

oy PR D

50.2 | 50.0 | 50.0

o ——y
50.1 1.2 1.1
1.3 1.4 1.2

a) Ordinary texture map filtering. Does not work for depth maps. 17
ENA426 | Tpadika YmoAoyLotwy



3. Percentage Closer Filtering

e Instead we need to filter the resultr of the shadow test
(weighted average of comparison results)

Surface at z =49.8

50.2 | 50.0 | 50.0

T —— <49.87 ¢ FE ] *®
50.1 1.2 1 m 0 ’ 1 iter 55
4
1.3 1.4 1.2 1 1 1

Sample Transform Step

148 EMA426 | Tpadikd YrmoAoylotwy



3. Percentage Closer Filtering

e 5x5 samples

* Nice antialiased
shadow

e Using a bigger
filter produces
fake soft shadows

« Setting bias
1s tricky

149 EMA426 | Tpadikd YrmoAoylotwy



Shadow Mapping

= Soft shadows
= One shadow map per light sample

N eye

Chen, Shenchang Eric, and Lance Williams. "View interpolation for image synthesis." In Proceedings of
the 20th annual conference on Computer graphics and interactive techniques, pp. 279-288. ACM, 1993.
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Shadow Volumes

Some slides by Mark Kilgard
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Shadow Volumes: Baoikn apxn

Shadow volume is a technique used in 3D computer
graphics to add shadows to a rendered scene.
It is the geometry describing the 3D shape of the region A N
occluded from a light source.

A shadow volume divides the virtual world in two: areas 1A
that are in shadow and areas that are not.

The stencil buffer implementation of shadow volumes is
generally considered among the most practical general
purpose real-time shadowing techniques for use on
modern 3D graphics hardware (see later notes).

52 ENA426 | Tpadika YmoAoyLotwy


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

Shadow Volumes: Baoikn apxn

= For each light + object pair, compute mesh enclosing
area where the object occludes the light

Find silhouette from light’s perspective

Includes every edge shared by two triangles, such that one
triangle faces light source and other faces away — marks the

transition from visible to not visible by the light
On torus, where angle between normal vector and vector to

light becomes >90°

Project silhouette along light rays
Generate triangles bridging silhouette and its projection

to obtain the shadow volume
= A point Pis in shadow from light L if any shadow
volume V computed for L contains P
Can determine this quickly using multiple passes and a

Silhouette

http://www.ozone3d.net/tutorials/stencil shadow volumes.php
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http://www.ozone3d.net/tutorials/stencil_shadow_volumes.php

Shadow Volumes: Baoikn apxn

shadowed scene wireframe shadow volumes

54 ENA426 | Tpadika YmoAoyLotwy
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Using Shadow Volumes to Render Shadows

Two stages

= Compute the shadow volume formed by a light source and a set of shadowing

objects.

= Every triangle produces a shadow volume

= Check whether the point is inside / outside the shadow volume

= inside - shadowed
= Qutside = illuminated by light source

Dr. Andreas Aristidou

Shedowing Cbject

Figure 32. Shadow Volume




Shadow Volumes: Stencil Buffer

= The Stencil Buffer is another frame buffer, like the Color Buffer, Depth Buffer
and Accumulation Buffer.

= Stencil Buffer can be used to specify a pattern so that only fragments that pass
the stencil test are rendered to the buffer.

57 ENA426 | Tpadika YmoAoyLotwy



Shadow volume: Doing this using a stencil buffer

= Render the scene with ambient light

59 Dr. Andreas Aristidou



Shadow volume: Doing this using a stencil buffer

Render the scene with ambient light

Clear the stencil buffer, and render the shadow volume with the colour buffer
off and back face culling on

Whenever a rendered fragment of the shadow volume is closer than the depth
of the other objects, increment the stencil value for that pixel

60 Dr. Andreas Aristidou
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Shadow volume: Doing this using a stencil buffer

Render the scene wi

Clear the stencil buf'{(r
off and back face cul

Whenever a rendere
of the other objects,
Turn on the front face culling and turn off the back face culling
Whenever a rendered fragment of the shadow volume is closer than the depth
of the other objects, decrement the stencil value for that pixel

vith the colour buffer

-----------------

> closer than the depth
pixel

Dr. Andreas Aristidou
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Shadow volume: Doing this using a stencil buffer

Render the scene wi

Clear the stencilbuf_____.__________ vith the colour buffer

off and back face cul

> closer than the depth
pixel

Whenever a rendere
of the other objects,

Turn on the front face culling and turn off the back face culling

Whenever a rendered fragment of the shadow volume is closer than the depth
of the other objects, decrement the stencil value for that pixel

Render the scene using diffuse and specular reflection for the area that the
stencil value is O

Dr. Andreas Aristidou



Shadow Volume Basics

o
-O0= Shadowing
7 o o object

source

L= Shadow
volume

(infinite extent) /

A shadow volume [Crow 77]

Is simply the half-space defined &
by a light source and a shadowing object O._A
RZVIDIA.
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a 2004
Shadow Volume Basics (2)
T, Surface outside
:/?\t / shadow volume
(illuminated)
Simple rule:
samples within a
shadow volume /
are in shadow. f
Partially ™ Surface inside
shadowed shadow volume
object
(shadowed) @‘_‘_J
BVIDIA.
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Shadow Volume of a triangle

infinite pyramid
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Visualizing Shadow Volumes SIGGRAPH (ff
in 3D 200: Q

<~ Occluders and light source cast out a shadow
volume

< Objects within the volume should be shadowed

a . Light
- source
Scene with shadows from Visualization of the
an NVIDIA logo casting a shadow volume @]
shadow volume BVIDIA.
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Visualizing the Stencil Buffer SIGGRAPH
Counts 20049

Shadowed scene Stencil buffer contents

Stencil counts
beyond 1 are
possible for
multiple or
complex
occluders.

red = stencil value of 1
green = stencil value of 0

GLUT shadowvol example credit: Tom McReynolds
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Nested Shadow Volumes: suaenApHg
Stencil Counts Beyond One 0

Shadowed scene Stencil buffer contents

green = stencil value of O
red = stencil value of 1 ! |
darker reds = stencil value > 1 . @

BVIDIA.
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Why Eye-to-Object Stencil SIGGRAPH (2
Counting Approach Works o
\.\l /
- @ =
— -
Light — 71N Shadowing object
source —
fr—
I \
zero " +1 \\
\
\ Zero
@ ; 4 Ty \ '\ /
"L v
[ S L T S
1! +2|I { 42 8
Eye 1 +1! \ R
position : ¢ : o) \\ (&
/ \ ’ <
BVIDIA.
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llluminated, Behind Shadow mwmm(
2004 2
Volumes (Two-pass Zpass)
%N H ’/ =
-O sl
’ el 7, ~
Light  — 71N Shadowing object
source
fr—
I \
I \
Zero ; +1 %

m ‘. zero ’ /

P 00 QO @ + Unshadowed
[ I ,' l' \ \ \\ object '
I +20 1 2 vy
Eye I +1]! : \ Y \
position v v \
4 \ 4 @_—J

Shadow Volume Count = +1+1+1-1-1-1=0 QVIDIAG
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Shadowed, Nested in Shadow  sicarapk
Volumes (Two-pass Zpass)

O

Light — 71N Shadowing object
source —

\
* \ zero
ﬂ \ /

© RO OTON .
[ [ ,' \ \'\\\\
1 | 2, 1 #2 A \ Shadowed
Eye I +1] § el \ \ object
position FE g \\
! Y P <

Shadow Volume Count = +1+1+1-1 =2 BVIDIA.
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llluminated, In Front of Shadow SIGGRAPH
Volumes (Two-pass Zpass)

k,(\\ H Vi =
Light — H Shadowing object
source ;
I \
Zero ,' +1 \\
\
* \ Zero /
ﬂ \
@ I\F_ , 1 \\ \ o
[ | N 7
[ T | ! ‘\ \\ -
A ll L4 A \\ — Unshqdowed
Eye I 41! \ Y \ Rbjest
- ] I i +3\ \
position v v \
/ y ' <
Shadow Volume Count = 0 (no depth tests pass) BVIDIA.
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Shadow Volume

shadow
volumes

occluding
polygons
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Shadows in a Real Game
Scene

SIGGRAPH t
2004 2

74
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Abducted game
images courtesy
Joe Riedel of
Contraband /
Entertainment

—

<

BVIDIA.



Scene’s Visible R
Geometric Complexity 40046

Wireframe shows
geometric
complexity of
visible geometry

Primary ligh -
source location #ZVIDIA.
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Scene’s Shadow Volume
Geometric Complexity

SIGGRAPH t
2004 )

76
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Wireframe shows
geometric
complexity of
shadow volume
geometry

Shadow volume
geometry projects
away from the
light source




Visible Geometry versus SIGGRAPH
Shadow Volume Geometry o

Visible geometry Shadow volume geometry

Typically, shadow volumes generate J
considerably more pixel updates than _ P 2
visible geometry > @
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SIGGRAPH t
2004 2

Other Example Scenes (1 of 2)

Dramatlc chase scene with shadows ShadOW V0|Ume Jy

geometry v |
Abducted game images courtesy e, @
Joe Riedel at Contraband Entertainment , ‘
coNTRABAND BVIDIA.
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Other Example Scenes (2 of 2)

Scene W|th multiple Ilght sources ‘Shadow volume
geometry
Abducted game images courtesy @
Joe Riedel at Contraband Entertainment
CONTRABAND BVIDIA.
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When Shadow Volumes Are SIGGRAPH
Too Expensive 20049

/
/ o :
/ Chain-link fence is
/ shadow volume
/ nightmare!
/
/

Chain-link fence’s
shadow appears on
truck & ground with ‘

shadow maps y/

Fuel game image courtesy Nathan d’Obrenan at Firetoad Software QWDIA.
80 ENA426 | Tpadika YmoAoyLotwy




Shadow Volumes and Area Lights

Area light
source

Shadow volume

Intersection of
dueto vcrttx@

shadow volumes
forming umbra

Shadow volume
due to vertex

—
Shadow volume /‘
=

due tovertex(D) N

Smallest convex
polyhedron formed
from shadow volumes

(penumbra)
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Advantage / Disadvantages of Shadow Volume

= Advantage
Do not need to manually specify the shadowed objects
The occluder can shadow itself
High precision

= Disadvantage
Bottleneck at the rasterizer -> quite slow
Many shadow volumes covering many pixels
Only hard shadows

82 Dr. Andreas Aristidou



Shadow Volumes vs Shadow Maps
Eye Eye

A J;ﬁﬁﬁg B ’E%‘

S, Light _ aps i

Shadow
Volumes

Image from: Chin, Norman, and Steven Feiner. "Near real-time shadow
generation using BSP trees." ACM SIGGRAPH Computer Graphics 23, no. 3
(1989): 99-106.
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Shadow Volumes vs Shadow Maps

Advantages of shadow volumes Advantages of shadow mapping
Doesn’t suffer from aliasing effects Faster than shadow volumes (most of
and rounding errors as shadow the time)
mapping does You don’t have to add extra vertices,
Can achieve omni-directional calculate extra polygons or calculate
shadow casting, shadow mapping an object’s silhouette. You hardly
requires at least 6 shadow maps to need to know anything about the
do this objects to be able to use shadow

mapping

More optimization options: different
resolutions, depth precision, filtering
etc.

Dr. Andreas Aristidou



Transparency
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Transparency

= Sometimes we want to render transparent objects

= We blend the colour of the objects along the same ray
= Alpha blending
= Screen door transparency
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Alpha Blending

Another variable called alpha is defined here
This describes the opacity

Alpha = 1.0 means fully opaque

Alpha = 0.0 means fully transparent
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Sorting by the depth

First, you need to save the depth and colour of all the fragments that will be
projected onto the same pixel in a list

Then blend the colour from back towards the front

e — — —
i
.
i
i
-
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Colour Blending

The colours of overlapping fragments are blended as follows:

Co= aCs+(1-a)Cd

Cs : colour of the transparent object,

Cd is the pixel colour before blending,

Co is the new colour as a result of blending
Co becomes Cd for the next round
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Sorting is expensive

= Need to use BSP Tree
= Sorting per-pixel is very expensive

= Any faster solution?
= Screen-door transparency
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: screen door transparency
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Screen-door Transparency

The object is solid but holes in it
like a screen door
Using a stipple pattern (like a checkboard pattern)

The ratio of blocked pixels equal to alpha
No need of sorting : objects can be drawn in any order
Z-buffer can handle the overlaps of translucent surfaces
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Screen-door Transparency: Issues

= Transparent object over another transparent object can block everything
behind

When fixed patterns are used
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Screen-door Transparency: Issues 2

= Stipple patterns must be set in the screen space — otherwise suffer from
aliasing
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Stochastic Transparency

= Multi-sampling : subpixels are produced and the pixel colour is computed by
averaging their colour

= Random sub-pixel stipple pattern

N SHADOWSCHEME 5_INONE

B ALPHAMODE™"" AM_SCREENDOOR AL.. |

B AAMO AWTNONET

R USE¥  AM_DEPTHPEELING
AM_ALPHATOCOVERAGE
AM_SCREENDOOR
AM_SCREENDOOR_ALPHACOR
AM_DEPTHSAMPLED
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http://youtube.com/v/4oLeQTLf50Y
http://youtube.com/v/mMjN2_klv8k

Stochastic Transparency

= No sorting needed
= The final color of the pixel is computed by averaging those of the subpixels

SCIreeln

pilxel fragmentl fragment? fragment3

gub-pixel
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