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LECTURE 9 – Rendering Methods
 Polygon Rendering Methods
Surfaces can be rendered in various ways. The most common being:

· Wire frame

· Flat surface

· Gouraud

· Phong

Wire Frame Rendering

Wire frame rendering is created by drawing each edge of an object. This provides a visual representation of the underlying structure of a model.

Wire frame rendering can easily be extended to include hidden surface removal.
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Flat Surface Rendering

	Flat surface rendering (constant intensity surface rendering) assigns a single colour intensity value to all projected surface positions within the polygon. An illumination model is used to calculate the RGB intensity at a single point on the polygon (such as a vertex or the centroid). This value is then used to shade the entire surface of the polygon.

Flat shading provides a quick and simple method for displaying polygon facets on an object.
	
[image: image2.emf]


Gouraud Shading

	Gouraud shading, devised by Henri Gouraud, linearly interpolates vertex intensity values across the surface of a polygon.

The process requires the calculation of an average surface normal at each vertex position. An illumination model is applied to each vertex on the polygon to obtain the light intensity at that position (Fig 1.0).  


	[image: image3.png]





We then linearly interpolate the vertex intensities across the projected area of the polygon

[image: image11.wmf] 
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	Problems with Gouraud shading are most noticeable when triangles are very large and lights are too close. 

For example, a triangle will get rendered much darker than it ought to if a light is positioned close to its’ centre. This is because the vertices (where the intensity values are calculated) are much further away from the light source than the centre. 

Similar problems occur with specular highlights positioned at the centre of large triangles


	[image: image4.png]





Mach Band Illusion

	Gouraud shading suffers from mach-banding. This is an optical illusion named after Ernst Mach – pronounced (Max).

The eye accentuates abrupt changes in brightness, so that regions of constant brightness near the edges appear to have varying brightness. 


	




This phenomenon occurs in the mammalian retina and is thought to be due to ‘Lateral Inhibition’ in the receptors in the eye. In the example image above, the brain interprets the image as a set of vertical stripes. 

The brain calculates the contrast of each vertical stripe in relation to neighbouring stripes.

Phong Shading

	Interpolation of normal vectors instead of intensity values. This method was developed by Phong Bui Tuong. 

Using Phong shading:

· Provides a more accurate calculation of intensity values

· More realistic display of surface highlights

· Reduction in the Mach-band effect

However, the Phong method requires more computation than the Gouraud method.


	
[image: image6.emf]


The process requires the calculation of the average unit normal vector at each vertex of the polygon. The vertex normals are then linearly interpolated over the projected area of the polygons. Illumination models are applied at positions along the scan line to calculate pixel intensities.

Interpolation procedures along the scan line are the same as those for the intensity values in the Gouraud method. 

Exercises:
1. Write a procedure to render a wire frame representation of your model in 3D space

2. Extend the previous procedure to include back face removal 
3. Consider how your wire-frame implementation may be further extended to handle Occlusion culling to further increase the sense of depth within your scene.
4. Calculate the normal at V in figure 1.0 needed for gouraud shading where:
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5. Write a procedure to render both flat surface and gouraud representations of your model in 3D space. 

NB> Calls to OpenGL primitives (i.e. GL_QUAD, GL_TRIANGLES) should be used to demonstrate the different approaches taken for flat and gouraud shading

























































(Fig 1.0)
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