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Geometry shaders
och Tesselation shaders

Ytterligare shadersteg i geometristeget i OpenGL-
pipelinen

Kan modifiera, lagga till och ta bort geometri

Kan mata ut andra sorters geometri an vad som
matas in
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Geometry shaders
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Geometry shaders
OpenGL 3 (extension i GL 2)

Shader mellan vertex och fragment, bearbetar
geometri, kan lagga till ny geometri

Blygsamma hardvarukrav: G80 eller battre (2007+)
Core sedan GL3.

Vissa begransningar, kritiserat for dalig prestanda.
Dock forbattrat pa nyare GPUer!
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OpenGL pipeline

Primitives,
connectivity

Vertex coordinates Ve rtex Transformed Geometry Triangles etc
and normal vectors prOCGSSI ng coordinates prOCGSSI ng

Texture C“pa CU”

Fragment ¥ >

operations
+color, texture Frag ment Pixel coord Raster

Frame buffer processing conversion
operations
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Geometry stage:
Shaderprogram kan modifiera, lagga till eller ta bort geometri.

TIIl skillnad fran vertexsteget jobbar vi pa hela primitiver.

Primitives,
connectivity

Vertex coordinates Vertex Transformed Geomet ry Triangles etc
and normal vectors proceSSIng coordinates pI’OCeSSIng j

Texture Clip, cull

{ ; NNZ
Fragment

operations A
P +color, texture Fragment Pi Raster

) . ixel coord .
Frame buffer processing |\ ——— conversion

operations
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Tillampningar for geometry shaders:
- Splines/spline-ytor
- Kantextraktion, silhuetter
- Shadow volumes
- Effekter pa polygonniva (t.ex. uppbruten mesh genom att krympa trianglar)
- Dynamiskt har/gras definierat fran en uppséttning "rotpunkter".
- Adaptive subdivision (inkl displacement mapping)
* Visualisering av normalvektorer etc
- Flat shading

 Wireframes
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Geometry shader-exempel

Input:En enda triangel (som forsta exempel)

Ladda geometry shader tillsammans med vertex och
fragment.

Indata till shader: triangel, linje eller punkt

Output: triangle strip, line strip
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Pass-through geometry shader

#version 150

layout(triangles) 1in;
layout(triangle_strip, max_vertices = 3) out;

void main()

1
for(int 1 = 0; 1 < gl_in.length(); 1++)
t Skicka vidare
. . _ . . . . . /
ngPOS'Lt'LOI’] . gl_in[1].gl_Position; samma vertex
EmitVertex();
¥
} " Tala om att en

primitiv ar klar!
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Flat shading

Latt med geometry shaders: Tag
medelvarde av alla normaler i GS,
berédkna ljus fran detta.
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void main()

{
vec4d middleOfTriangle = vec4(0.0);
vec3 avgNormal = vec3(0.0);;

for(int 1 = 0; 1 < gl_in.length(); 1i++)
i

avgNormal += exNormal[i];
¥
middleOfTriangle /= gl_in.length();
avgNormal /= gl_in.length();
avgNormal = normalize(avgNormal);

for(int 1 = 0; 1 < gl_in.length(); 1++)
{
gl_Position = gl_in[1].gl_Position;
texCoordG = texCoord[i];
exNormalG = avgNormal;
EmitVertex();

¥
EndPrimitive();

8 0O O GL3 flat shading example

En aning bok for att fa till
nagot trivialt...
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Wireframe

Wireframes kan genereras av geometry
shader direkt fran polygoner.

Omvandla varje triangel till line strip |
GS.

Mycket anvandbart for visualisering av
geometri.
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Latt: line_strip ut i stallet for triangle_strip!

8 00

GL3 flat shadi

layout(triangles) 1in;
//1layout(triangle_strip, max_vertices
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Har och gréas

Anvand geometrin som startpunkter,
generera linjer/kurvor fran dessa

for(float u = 0.0; u < 1.0; u += offs)
for(float v = 0.0; u+v < 1.0; v += offs)

{

float u@ = u;

float ul = u + offs;
float v@ = v;

float vl = v + offs;
emit(ud,vO);
EndPrimitive();

(Figuren visar enbart normalvektorer)

18(93)




Information Coding / Computer Graphics, ISY, LiTH

Crack shader

Mindre generellt anvandbart men rolig effekt.
Flytta alla vertexar narmare centrum av triangein.

void main()

{

(middleOfTriangle) * (1.0 - offs);

vec4 middleOfTriangle = vec4(0.0);
float tw = 1.0 / offs;

for(int 1 = 0; 1 < gl_in.length(Q); 1++)
middleOfTriangle += gl_in[1].gl_Position;
middleOfTriangle /= gl_in.length();

for(int 1 = 0; 1 < gl_in.length(Q); 1i++)

{
gl_Position = (gl_in[1].gl_Position * offs) +

texCoordG = texCoord[i];
exNormalG exNormal[1];
EmitVertex();

}
EndPrimitive();
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Tesselering da...
Dela upp geometri for att
1) runda till en grov polygonmodell
2) lagga till detalj (displacement mapping mm)
3) Hantera level-of-detail
Baseras ofta pa splines

Moijligt i bade geometry och tesselation shaders
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Displacement mapping

nu pa geometrin, inte bump
mapping!

Figure 4: Texture used as a displacement map.

Grad & Forslund
TSBKO03 2016

Figure 8: The displacement map from Figure 4 applied to a sphere. From left
to right: Sphere tessellated with a scaling factor of 1.0, 1.5, 3.0 and 5.0, and
displaced with C' = 1.5.
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Bézierkurvor

Typiskt 3 eller 4 kontrollpunkter per sektion
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Beézierytor

En yta byggd av en uppsattning Bézier-ytsektioner
(Bézier patches)

En Bézierpatch bestar av 16 kontrollpunkter i ett 4x4-
rutnat
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Exempel pa Bézierytor

patch.

JLJ“‘IIII& WVILNUVIN. VL oasa *
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Bezierkurva i en geometry shader

// Simple 3-point spline geometry shader

#version 150

layout(triangles) 1in;
layout(line_strip, max_vertices = 50) out;

// quadratic bezier 0..1
vec4 bez3(vec3 a, vec3 b, vec3 ¢, float u)

{

float aw =
float bw =
float cw =

(1-w*(1-w;
2¥(1-u)*u;
u*u;

return vec4(a*aw+b*bw+c*cw, 1.0);

¥

void main()

{

for (int i = 0; i <= 20; i++)

{

gl_Position = bez3(
vec3(gl_1in[@].gl_Position),
vec3(gl_in[1].gl_Position),
vec3(gl_in[2].gl_Position),
float(1)/20.0);
EmitVertex();

Iy

ks
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Adjacency

Geometri kan skickas tillsammans med
information om grannpunkter

Detta kan underlatta t.ex. tesselering

Triangel med Linje med
adjacency adjacency

Mer tillampningar: Shadow volumes, konturextraktion
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Bezierpatches (4x4 punkter) med
geometry shader?

Passar daligt!
Geometry shader arbetar med trianglar.

Adjacency racker inte till, och kraver mycket
extraarbete pa modeller for att anvanda.
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Curved PN Triangles
Passar bra for geometry shaders
Behover bara vertexar samt
normalvektorer for en triangel i taget -
e] adjacency. Bekvamt.

PN = Point + Normal
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b 300

(Se TSBKO7)
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Instancing av geometry shaders
Prestandaproblem vid fa element in och manga ut.
Instancing kor g.s. flera ganger pa samma primitiv!

layout(invocations = num_instances) In;
gl_InvocationID

Minst 32 instanser garanterade! 3o
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Slutsatser

Geometry shader mycket anvandbar, med
manga tillampningar.

Ett extra shadersteg kranglar inte till det sa
farligt.

Racker till det mesta - men inte allt.
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Tesselation shaders
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Tesselation shaders
Problem med tidiga geometry shaders:
Mycket geometri fran fa indata
ineffektivt, seriellt.

Atgird 1: Instancing i nyare hardvara,
snabbare geometry shaders

Atgird 2: Tesselation shaders
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Tesselation shaders
Ligger mellan vertex shader och geometry shader
Inte en shader utan tva, plus mellansteg.
1) Tesselation control shader
2) Primitive generation

3) Tesselation evaluation shader
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OpenGL pipeline - extended

Vertex coordinates
and normal vectors

Primitives, connectivity ‘ Primitives, connectivity ‘
| |
Geometry processing NP4
Ver’[eX Transformed Tesselatlon Primitive Tessela.tlon J\ Geometry
coordinates control generation evaluation had
shader =7 | shader shader  [/] Shader
| |
{t} Clip, cull
Fragment >
operations
+color, texture Fragment / Raster

. Pixel coord .
processing [\ conversion

ZERN

Frame buffer
operations
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Uppgifter hos tesselation shaders

Indata: "Patchar”, ett antal vertexar utan given
konstellation.

TC-shadern anger 6nskad detaljniva per kant samt
inre nivaer

TE-shadern berdknar slutliga positioner pa 6nskat satt
(t.ex. med en splinefunktion)
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Exempel: Triangel

Quter =3

/\

Inner =3
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Exempel: Tesselation Control

#version 400

layout(vertices = 3) out;

in vec3 vPosition[]; // From vertex shader
out vec3 tcPosition[]; // Output of TC

uniform float TesslLevellnner; // Sent from main program
uniform float TesslLevelOuter;

void main()

{
tcPosition[gl_InvocationID] = vPosition[gl_InvocationID]; // Pass on vertex
1f (gl_InvocationID == 0)
{
gl_TessLevellnner[@] = TesslLevellnner; // Decide tesselation level
gl_TessLevelOuter[@] = TesslLevelOuter;
gl_TessLevelOuter[1l] = TesslLevelOuter;
gl_TessLevelOuter[2] = TesslLevelOuter;
}
}
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Exempel: Tesselation Evaluation

#version 400

layout(triangles, equal_spacing, cw) 1n;
in vec3 tcPosition[]; // Original patch vertices

void main()
{
vec3 p@ = gl_TessCoord.x * tcPosition[@]; // Barycentric!
vec3 pl = gl_TessCoord.y * tcPosition[1l];
vec3 p2 = gl_TessCoord.z * tcPosition[Z2];
gl_Position = vec4(pd + pl + p2, 1);
// Sum with weights from the barycentric coords any way we like

// Apply vertex transformation here if we want

}
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Control + Evaluation

Control avgor hur manga stegs tesselering som
ar onskvard

Evaluation anropas sa manga ganger, far unika
koordinater, fran vilka vi skall berakna
resulterande vertexar
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Resultat
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Variation pa outer och inner
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"Quter” gors per kant
Viktigt!

Berakning per kant
ger samma tathet
pa gemensam kant
mellan olika delar!

Inga glipor!
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Tesselering ar inget nytt!
Gamla OpenGL hade ”Evaluators” (giMap)
Bra stod for Bezierkurvor och Bezierytor.

Dock begransad kontroll fran APlet
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Evaluators

Gammalt API for att evaluera Bezierkurvor.
Lattanvant men numera deprecated.

> Stodjer bade kurvor och ytor

/\/

©)
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Evaluators

Rattframt men inte sa flexibelt

glMap1f(GL_MAP1_VERTEX_3, u@, ul, 3, 4, &data2[@]1[01);
glEnable(GL_MAP1_VERTEX_3);
g1Begin(GL_LINE_STRIP): \\
for (int 1 = 0; 1 <= 20; i++)
glEvalCoord1f(ud + i*Cul-ue)/20); Control points

/////////////' gLEndQ);

Evaluation, specifies vertices
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Evaluators

Gammalmodiga! Enbart quads - knepigt att
anvianda pa generella modeller.

=> satsa pa geometry shaders och tesselation
shaders!
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Slutsatser om tesselation shaders

Dubbla steg - mer komplicerat an geometry
shaders

Vertex shader overflodig

Poangen ar tesselering. Inget annat? Fler
tillampningar hos Geometry shaders?

Har vi inte nog shadersteg snart? Tekniken sa ny
att det ar svart att forutse vad som slar.
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