1

Visibilit y

basic visibility algorithms

painter´s algorithm

z - buffer algorithm

smooth shading basic visibility algorithms

painter´s algorithm

z - buffer algorithm

smooth shading

4 Apr. 2000 2 Computer Graphics 15 - 462

The Visibility Problem

¯ What is the nearest surface seen at any point in the image?

¯ How would YOU solve this problem?

3 Computer Graphics 15 - 462

Image Space Visibility Algorithms

Four of the simplest algorith ms:

Scanline sort objects by y loop y sort active objects by x loop x find active object with min z write pixel

Z - buffe r initialize z - buffer loop objects loop y loop x if z(x,y) < zbuf [x,y] zbuf [x,y] = z(x,y) write image pixel

Painte r´s sort objects by z (back - to - front) loop objects loop y loop x write pixel

Ray Casting loop y loop x loop objects find object with min z write pixel

4 Computer Graphics 15 - 462

Painter´s Algorithm

¯ Sort objects by depth (Z)

¯ Loop over objects in back - to - front order

˘ Project to image

» s can convert: image[x,y] = shade(x,y)

Draw first

Draw second

Draw third

5 Computer Graphics 15 - 462

Sorting Objects by Depth

Depth orde ring is a partial ordering. Outcomes are

A occludes B B occludes A don´t care

draw B before A draw A before B draw in either order

Sorting objects by theirzmin doesn´t always work! (same forzma x)

Sometimes orde ring is cyclic !What to do? Split objects!

B A B A B A

z zmin

R B

G R 1 B

G

R 2

6 Computer Graphics 15 - 462

Painter´s Algorithm

¯ Stre ngths

˘ Simplicity: draw objects one - at - a - time, s can convert each

˘ Handles transparency well

¯ Drawbac ks

˘ Sorting can be expens ive (s lower than linear in the number of objects )

˘ Clums y when ordering is cyclic, becaus e of need to s plit

˘ Interpenetrating polygons need to bes plit, too

˘ Hard to s ort non - polygonal objects

¯ Sometimes no need to sort

˘ If objects are arranged in a grid, e.g. triangles in a height field z(x,y), such as a triangulated terrain

¯ Who uses it?

˘ Pos ts cript interpreters

˘ OpenGL, if you don´t glEnable(GL_DEPTH_TEST);

7 Computer Graphics 15 - 462

Backface Culling

¯ Each polygon is either front - facing or back - facing

˘ A polygon is backfacing if its normal points away fromthe viewer,

˘ i.e. V¯N >= 0

¯ When it works

˘ If object is closed, back faces are never visible so no need to render them

˘ Easy way to eliminate half yourpolygons

˘ Can beused with both z - buffer and painter´s algorithms

˘ If object is convex, backface culling is a complete visibility a lgorithm!

¯ When it doesn´t work

˘ If objects are not closed, back faces might be visible

V N 1 N 2

8 Computer Graphics 15 - 462

Z - Buffer Algorithm

¯ Initialization

loop ove rall x,y

zbuf [x,y] = infinity

¯ Drawing steps

loop ove rall objects

scan conve rt object (loop ove rx,y)

if z(x,y) < zbuf [x,y] compute z ofthis object at this

pixel & test

zbuf [x,y] = z(x,y) update z - buffer

image[x,y] = shade(x,y) update image (typically RGB )

9 Computer Graphics 15 - 462

Z - Buffer Algorithm

¯ Stre ngths

˘ Simple, nos orting ors plitting

˘ Eas y to mix polygons ,s pheres , other geometric primitives

¯ Drawbac ks

˘ Can´t handle trans parency well

˘ Need good Z - buffer res olution or you get depth ordering artifacts

» In OpenGL, this res olution is controlled by choice of clipping p lanes and

number of bits for depth

» Choos e ratio of clipping plane depths (zfar/znear) to be as smal l as poss ible

¯ Who uses it?

˘ OpenGL, if you glEnable(GL_DEPTH_TEST);

10 Computer Graphics 15 - 462

Gouraud Shading

¯ We can do shading during scan conversion

¯ How? Simp ly adjust the fill color on a pixel - by - pixel basis

˘ Compute illumination at eac h of the ve rtices

˘ Linearly inte rpolate ve rtex colors to get colors along each edge

˘ Inte rpolate edge colors to get pixel colors along each span

¯ Much faster than computing illu mination at each pixel.

¯ A great trick !

¯ Pronounced goo - ro´

                                                                                11
Computer Graphics 15 -462

                                                    Gouraud Shading

          ˘ Compute color at eac h of the ve rtices

                  » If you have a vertex normal at each vertex, you could use Phong

                      Illumination to compute the color

                  » Or maybe you have pre - assigned vertex colors

          ˘ Linearly inte rpolate ve rtex colors to get pixel colors along eac h edge

                  » if we are taking unit steps in y from ymin to ymax :

                                                                                                       )

                                                                            (

                                                             1

                                                                                                  ymax

                                                                                      ymin,

                                                                                 at

                                                                 shading

                                                ,

                                             1

                                                                                                ymin

                                                                                  ymax

                                                       y

                                          y

                                                      ymax

                                          ymin

                                                                 ymin

                                                  ymax

                                                                                            C

                                                                             C

                                      dC

                                                             dC

                                                   C

                                      C

                                                 C

                                      C

                                                                                         -

                                                             -

                                             =

                                                          +

                                                =

                                                             =

                                           +

                  » similar formula for unit steps in x

          ˘ Inte rpolate edge colors to get pixel colors along each span:

                  » use same formula as above, substitute x for y

12
Computer Graphics 15 -462

There Is An Ambiguity

¯ This only happe ns for quadrilate rals and highe r, but�

¯ Whe n a quad rotates on sc ree n, the scan lines c ross it diffe re nt ly.

¯ That me ans the X inte rpolation connects two diffe re nt Y inte rpol ation

points.

¯ That me ans the color at a given pixel changes!

¯ (A good reason for prefe rring triangles).

¯ Baryce ntric coords (coming soon) don´t have this proble m.

C

C

C is Blue C is Red

                                                                                13
Computer Graphics 15 -462

                                                        Shading Styles

  ¯ There are other shading styles -- these are the most common:

          ˘ Faceted shading:  no inte rpolation

                  » color constant within polygon

                  » least expensive

          ˘ Gouraud shading: inte rpolate colors

                  » shade each ve rtex

                  » linearly inte rpolate color ac ross polygon

                  » cost: three intege r adds pe r pixel

          ˘ Phong shading: inte rpolate normals

                  » calculate ve rtex normals

                  » linearly inte rpolate normals ac ross polygon

                  » use inte rpolated normal to shade eac h pixel (expensive !)

                  » cost: tens or hundreds of floating point computations pe r pixel

          ˘ Texture Mapping: inte rpolate texture coordinates

                  » use those coordinates to do texture lookup for e ach pixel

14
Computer Graphics 15 -462
faceted shading Gouraud shading Phong shading

                                                                                15
Computer Graphics 15 -462

                                                        Shading Styles

  ¯ Gouraud and Phong are exa mples of smooth shading

          ˘ tric k to make polygon meshes look smooth

  ¯ Keep in mind that this is not physically correct!

          ˘ Why?

          ˘ 1.  How should the color vary ove r a plane unde r diffuse illumin ation?

          ˘ 2.  Normal inte rpolation does not make se nse for a polygon!

  ¯ But it works great in practice

  ¯ What is the advantage of Phong over Gouraud ?

          ˘ specular highlig hts look muc h bette r

  ¯ Phong shading is NOT the sa me as Phong Illu mination !

          ˘ Phong illumination tells you how to compute radiance given normal

          ˘ Phong shading is a tric k for inte rpolating normals in image space

  ¯ OpenGL does Gouraud shading (or flat shading)

16
Computer Graphics 15 -462

Computing Z for Z - buffering

¯ How to compute Z at eac h point for z - buffe ring?

¯ Can we inte rpolate Z as we inte rpolated R,G,B in Gouraud shading?

˘ Linear interpolation along edge, along span

˘ Not quite.  World space Z does not interpolate linearly in image space

¯ But if we linearly interpolate image space Z, it works!

˘ Perspective transforms planes to planes

˘ Note that image space Z is a nonlinear function of world space Z

                                                                                17
Computer Graphics 15 -462

                                                             Ray Casting

  ¯ A very flexible visibility algorith m

       loop y

          loop x

                  shoot ray from eye point throug h pixel (x,y) into scene

                  inte rsect with all surfaces, find first one the ray hits

                  shade that surface point to compute pixel ( x,y)´s color

18
Computer Graphics 15 -462

Comparison of Visibility Algorithms

Painter´s :

Implementation : moderate to hard if sorting & splitting needed

Speed : fast if objects are pre - sorted, otherwise slow

Generality : sorting & splitting make it ill - suited for general 3 - D rendering

Z - buffer:

Implementation : moderate, it can be i mplemented in hardware

Speed : fast, unless depth complexity is high

Generality : good but won´t do transparency

Ray Casting:

Implementation : easy, but hard to make it run fast

Speed : slow if many objects: cost is O((#pixels) ´ (#objects))

Generality : excellent, can even do CSG, transparency, shadows

                                                                                19
Computer Graphics 15 -462

                              Really Hard Visibility Problems

  ¯ Extre mely hig h scene complexity

          ˘ a building walkthrough (QUAKE)?

          ˘ A fly - by of the Grand Canyon (or any outdoor s cene!)

  ¯ Z - buffe ring requires drawing EVERY triangle for e ach image

          ˘ Not feasible in real time

  ¯ Usually Z - buffe ring is combined with spatial data structures

          ˘ BSP trees are common (similar concept to octrees )

  ¯ For really complex scenes, visibility isn´t always enough

          ˘ Objects WAY in the distance are too small to matter

          ˘ Might as well approximate far - off objects with simpler primitives

          ˘ This is called geometry simplification