CS 450 - Computer Graphics - Laboratory Excercise for Illumination and Shading Techniques
By default, POV-Ray displays images using a perspective projection model. Run POV and bring up an edit window by clicking on the “new” icon.  Type in the following code to create a yellow cube on a cyan background:

  #include "colors.inc" 

  background { color Cyan }

  camera {

     location <0, 0, ‑10>

     look_at  <0, 0,  0>

  }

  box {

     <‑1, ‑1, ‑1>,  // Near lower left corner

     < 1, 1,  1>   // Far upper right corner

     texture {

        pigment { color Yellow}

     }

     rotate <45,45,90>  // rotate object about x, y, and z axes

  }
   light_source { <2, 2, ‑3> color White}

Use “Save as” to create a new folder called myScenes.  Save the program as POVLab1.pov   Select “Edit Settings/Render” under the “Render” menu.  Select 1600x1200 as resolution in the drop down list at the right center of the dialog box and click on render.  Recall that this code creates a 2x2x2 cube, centered at the origin.  The camera is positioned at the x,y origin, ten units along the -z axis.  It faces the origin, which is also the center of the cube. We place a light source at <2,2,-3> to create a light to the upper right of the object (recalling that -z axis points out of the screen.)

To examine illumination and shading techniques we will add a plane to create a floor and a second object, a sphere.  Be sure to draw the plane before the sphere and box.

   plane {

     y, ‑2

     texture {

       pigment {checker Green White}

     }    

   }  
   sphere {

     <1.5,‑1.25,‑0.75>, 0.75    // center and radius of sphere
     texture{

        pigment{ color <1.0, 0.7, 0.7>}

     }

   }
Illumination and shading:
Point source: The light source we have used so far is a simple point source model, whose rays emanate form a single source.  The light produced is similar to that of the light given off by a light bulb.

   light_source { <2, 2, ‑3> color White}
Directional source: In POV Ray, the “spotlight” provides directional lighting whose apparent brightness and extent can be modified by the radius, falloff and tightness parameters.  The first vector provides the position of the spotlight, the “point_at” vector indicates its direction.

  light_source {

    <2, 2, ‑3>

    color White

    spotlight

    radius 15

    falloff 20

    tightness 10

    point_at <1, ‑0.5, 0>

  }
To create a larger spot, the radius can be increased, but then the falloff must also be increased to maintain a gradual darkening around the edge of the light.  If the tightness value is increased, the brightness of the spot diminishes more rapidly as we move away from the center of the light cone.

Ambient Light:  You easily change the ambient lighting for the entire scene, with:

     global_settings { ambient_light <1.0, 0, 0> }    // ambient light is red 

or you can set the ambient properties in the finish statements of individual objects. The actual ambient used is: 
    Ambient = Finish_Ambient * Global_Ambient.
Material properties:  

Texture blocks describe the color, bumpiness and finish properties of an object.  Because color defines a property the object actually has rather than how it looks the parameter is called pigment.  Other surface properties can be added inside the texture block to describe its appearance.  These properties are part of its finish.
Ambient:  Individual objects can be illuminated with ambient light by including a finish statement in the texture description for that object.  The specification for the amount of ambient light for the surface of an object ranges between 0 and 1.  An ambient light value of 1 will create a flat object, which shows no shaded surfaces.  Alternately, we can specify the color of the ambient light.  Try adding each of these ambient light finishes to either the sphere or cube.

   box {

     <‑1, ‑1, ‑1>,  // Near lower left corner

     < 1, 1,  1>   // Far upper right corner

     texture {

       pigment { color Yellow} 

       finish {ambient 1.0}    // try 0.3 for some ambient light, default color white
     }   

     rotate <45,45,90>  // rotate object about x, y, and z axes

  }
  box {

    <‑1, ‑1, ‑1>,  // Near lower left corner

    < 1, 1,  1>   // Far upper right corner

    texture {

      pigment { color Yellow} 

      finish {ambient <0.5,0,0>}   // object ambient color is reddish
    } 

    rotate <45,45,90>  // rotate object about x, y, and z axes

  }
The finish keyword used for ambient light can also be used to create other surface finishes like shininess, dullness, or reflectivity.  Phong lighting gives a highlight, which make the object appear shiny.  Adding the metallic keyword makes the highlight take on the color of the object.

   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture{

        pigment{ color <1.0, 0.7, 0.7>} 

        finish{ phong 0.1} // values range from 0.1(very dull) to 250(highly polished)
                           // phong_size (default 40) controls size of highlight
     }

  }
Combinations of ambient, diffuse and specular characteristics can also be combined: 

   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture{

        pigment{ color <1.0, 0.7, 0.7>} 

        finish {

           ambient .2

           diffuse .6        // diffuse = not smooth
           specular .75      // specular = shiny – used instead of Phong
           roughness .001          

        }

     }

  }
Transparency and Reflection:
Add a reflection component to the finish to make the sphere mirror surrounding objects.

   reflection .5
POV Ray allows objects to be transparent, and can (or not) transmit light). To make an object transparent, and allow light to pass through the object, specify its color as a filter.  The first three numbers specify the rgb color, the fourth specifies transparency factor (0 to 1).

   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture{

        pigment{ color rgbf<1.0, 0.7, 0.7, 1>} 

     finish {

        ambient .2

        diffuse .6

        specular .75

        roughness .001  

        reflection .5

     }
A transparency factor of 0.5 makes the sphere only semi-transparent or translucent.  Using  rgbt<1.0, 0.7, 0.7, 1> instead makes the object completely transparent, but does not permit light to pass through the object.  Notice the pinkish cast shadows disappear.

Texture:
In addition to surface texture, POV‑Ray has some very sophisticated textures pre‑defined in the standard include files glass.inc, metals.inc, stones.inc and woods.inc. 

The “normal” keyword can be added to the texture definition to modify the unit normals to create a surface pattern.

   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture{

        pigment{ color <1.0, 0.7, 0.7>} 

        normal { bumps 1 scale 0.1 }

     }

   }
This tells POV‑Ray to use the bumps pattern to modify the surface normal. The value 1 controls the apparent depth of the bumps. Usually the bumps are about 1 unit wide which doesn't work very well with a sphere of radius 1.5. The scale makes the bumps 1/10th as wide but does not affect their depth.

Many pre-defined textures are available in the file textures.inc To use one of these place the appropriate keyword in the texture definition for an object.  Don’t forget to place the include statement at the beginning of the pov file.

   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture {

       P_WoodGrain1B   // pre-defined in woods.inc

       finish { Shiny } // pre‑defined in finish.inc

     }
  }
   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture {

       Bronze_Metal   // pre-defined in textures.inc

     }
  }
   sphere {

     <1.5,‑1.25,‑0.75>, 0.75

    texture {

      Peel           // pre-defined in textures.inc

      scale 0.5

    }

  }
  sphere {

     <1.5,‑1.25,‑0.75>, 0.75

     texture {

       PinkAlabaster  

     }
  }

CS 450 - Computer Graphics - POV assignment 1 - Due Wednesday, April 10
Create a scene in POVRay with a white background and a patterned plane (checkered is OK) as a base surface.  Place at least two different objects (for example, a cube, a sphere, and a cone) directly on the base surface, the third object can be on or above it.  One object should be placed at the X, Z origin with the camera at <0, 0, 10>.  A second object should be between the first object and the camera, but not intersecting the first object.  The third object can be anywhere.  Make each object a different color, with different surface characteristics.  At least one of the three objects should have reflection as one of its characteristics.  Place at least two light sources in the scene, one, a point source and one, a spotlight which is pointed toward the center of one of your three objects.  Save the file as basicShapes.pov and upload it to Moodle.  Be creative. This is supposed to be fun!
