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Unit IV

3D Graphics

If the thumb of the right hand points in the positive in the positive z direction as one curls the fingers of the right hand from x into y, then the coordinates are called a right-handed system.

If the thumb points in the negative z direction then it is left-handed.

Most of geometry uses a right-handed system, computer graphics often prefers the left-handed coordinates.
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Any point in space may now be specified by telling how far over, up, and out it is from the origin, where the three axes intersect. These distances are written as the ordered triple (x, y, z).
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3D primitives


move-abs, move-rel.


line-abs, line-rel.


polygon-abs.

3D transformations

Scaling transformation matrix in 3x3 form
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Scaling transformation matrix in homogeneous coordinates
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Translation transformation matrix in homogeneous coordinates
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Rotation about z axis 

If we rotate about the z-axis, all z coordinates remain unchanged, while the x and y coordinates behave the same as in the two dimensional case.






         y axis









          x axis





      z axis

Transformation matrix in 3x3 form
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Rotation about z axis transformation matrix in homogeneous coordinates
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 Rotation about x axis 

Rotate about the x-axis, so that y is turned into z.






         y axis










          x axis




      z axis

Transformation matrix in 3x3 form
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Rotation about x axis transformation matrix in homogeneous coordinates
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Rotation about y axis 

Rotate about the y-axis, so that z is turned into x.
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Transformation matrix in 3x3 form
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Rotation about y axis transformation matrix in homogeneous coordinates
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Rotation about an arbitrary axis/line

Perform a translation to move the origin onto the line. Then make rotations about the x and y axes to align the z-axis with the line. The rotation about the line then becomes a rotation about the z-axis. Finally, apply the inverse transformations for the rotations about the y and x-axes and for the translation to restore the line and coordinates to their original orientation.
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To rotate about an arbitrary axis


Translate the axis to the origin

The initial translation to move the origin to the rotation axis should be
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After this translation, the point on the line (x1, y1, z1) will be moved to the origin.

We will also require the inverse of this translation to place the origin back at its original position once our rotations are completed.
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The next step in the process is a rotation about the x-axis. We wish to rotate until our general rotation axis lies in the xz plane. To determine the necessary angle of rotation, place direction vector at the new origin and consider its projection in the yz plane. 
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Rotate about x until the axis of

  z
Projection of a line segment

rotation is in the xz plane



onto the yz plane

The line segment between (0, 0, 0) and (A, B, C) will be in the direction of the arbitrary rotation axis, and since we have translated so that the point (0, 0, 0) is on the axis, the entire segment must lie along the axis. Now imagine shining a beaming of light parallel with the x-axis and looking at the shadow of the line segment formed on the yz plane. The shadow will extend from (0, 0, 0) to (0, B, C). 

If we now rotate about the x-axis until the arbitrary axis is in the xz plane, the line segment shadow will lie along the z-axis.
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The length of the shadow V will be 

V = (B2 + C2)1/2


   sin I = B/V



   cos I = C/V

The rotation about the x-axis should be
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The inverse transformation is a rotation of equal magnitude in the opposite direction.
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         Rotation    axis

Rotate about y until the z axis


The rotation axis lying within the xz plane

Corresponds to the axis of rotation

The rotation about the x-axis has left the x coordinates unchanged. 

The overall length of the segment L=(A2+B2+C2)½ is unchanged.

The z coordinate will be (L2–A2) ½ = (B2+C2) ½ = V
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The rotation matrix will be
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The inverse of the transformation is
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Finally we are in a position to rotate by an angle ( about the arbitrary axis.
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The rotation matrix by ( about the z-axis is
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reverse the rotation about y
    reverse the rotation about x

reverse the translation

The actual transformation for a rotation ( about an arbitrary axis is given by the product of the above transformations.

R( = TRxRyRzRy-1Rx-1T-1
Projections

Since the viewing surface is only two-dimensional, the three-dimensional object is projected onto the two-dimensional screen by discarding the z coordinate.
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3 D object


    Projection of object

   z axis

Parallel projections

A parallel projection is formed by extending parallel lines from each vertex on the object until they intersect the plane of the screen. The point of intersection is the projection of the vertex. Connect the projected vertices by line segments, which correspond to connections on the original object.



                y axis


     y axis









z axis










  x axis









    

Parallel Projection

x axis

Let the direction of projection be given by the vector [xp yp zp] and the image to be projected onto the xy plane.

A point (x1, y1, z1) on the object is projected to (x2, y2).

The equations for a line passing through the point (x, y, z) and in the direction of projection using the parametric form are,




x = x1 + xpu




y = y1 + ypu




z = z1 + zpu

For z = 0,




u = -z1 / zp   
Substituting this onto the first two equations gives,




x2 = x1 – z1 (xp / zp )
y2 = y1 – z1 (yp / zp )

This projection in matrix form is
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In homogeneous coordinates
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A transformation that includes determining a z coordinate value z2 turns out to be the same as z1
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We will just ignore the z value when drawing the projected image.


Perspective projections

In perspective projection the further the away an object is from the viewer, the smaller it appears. 

This provides the viewer with a depth cue, an indication of which portions of the image correspond to parts of the object which are close or far away.

In a perspective projection, the lines of projection are not parallel. Instead, they all converge at a single point called the center of projection.
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                 A Perspective projection 





Projection

If the center of projection is at (xc, yc, zc) and the point on the object is (x1, y1, z1), then the projection ray will be the line containing these points and will be given by




  x =  xc + (x1 – xc)u

  y =  yc + (y1 – yc)u

  z =  zc  + (z1 – zc)u

For z = 0,




  u = - zc  / z1 – zc

Substituting this into first two equations gives




   x2 = xc  – zc* (x1 – xc / z1 – zc)

   y2 = yc  – zc* (y1 – yc / z1 – zc)

we can rewrite this as



 
   x2  = (xc z1 – x1 zc ) / (z1 – zc)

   y2  = (yc z1 – y1 zc ) / (z1 – zc)

The matrix form is
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Special projections

Axonometric projection

A parallel projection for which the direction of projection is perpendicular to the view plane.

The cube would appear to be a square.








Looking straight at one of the faces of the cube

By changing the direction of projection slightly to the side, one of the side faces will become visible, while the edges of the front face will shorten. By raising the angle of view, the top edges lengthen to make the top face visible, while the edges on the side faces appear to shrink.

Changing the point of view shortens some edges 

and lengthens others


Isometric projections

A particular direction of projection for which all edges will appear shortened from their three dimensional length by the same factor.


Isometric projection shortens

all axes equally
If a viewing transformation is chosen such that edges parallel to only two of the axes are equally shortened, then the projection is called dimetric.

Dimetric projection shortens

two axes equally




A trimetric projection is one in which none of the three edge directions is equally shortened. There are no symmetries in the angles between the direction of projection and the directions of the object edges.

Trimetric projection shortens

all axes differently
If the direction of parallel projection is not parallel to the view plane normal is called an oblique projection.

There are two special types of oblique projections called cavalier and cabinet projections.

For a cavalier projection, the direction of projection is slanted so that points with positive z coordinates will be projected up and to the right. The angle of projected z axis (the ratio of up to right) can be whatever we desire, but the distance the point shifts in the projected z direction must equal the actual three dimensional z distance from the view plane.        y
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In cabinet projection, shifts only half the actual z distance along the projected z axis.
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Perspective projections can be classified as one-point, two-point, or three-point. These names refer to the number of vanishing points required for a construction of the drawing.

A one-point perspective projection occurs when one of the faces of a rectangular object is parallel to the view plane.





A two-point perspective projection refers to the situation where one set of edges runs parallel to the view plane, but none of the faces is parallel to it.








A three-point perspective projection is the case, where none of the edges is parallel to the view plane.









Viewing Parameters

Rotating an object is equivalent to rotating the axes in the opposite direction.
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View plane

View plane normal vector is the direction perpendicular to the view plane.

The view plane is positioned VIEW-DISTANCE away from the view reference point in the direction of the view plane normal.

Clipping in three dimensions
In three dimensional space the concept can be extended to a clipping volume or view volume. This is a three dimensional region or box.

Objects within the view volume can be seen, while those outside are not displayed. Objects crossing the boundary are cut, and only the portion within the view volume is shown. A view volume may clip the front or back of an object as well as its sides. 

3D clipping are analogous to 2D. Instead of comparing the point against a line, we now must compare the point against a plane. In general, any plane may be used as a boundary, and clipping regions can be arbitrary polyhedra.

There are two view volume shapes that are usually used. The type of view volume used depends on whether a parallel projection or prospective projection is to be employed.

For a parallel projection, imagine planes that are in the direction of projection extending from the edges of the window. These planes form a rectangular tube in space. Front and back clipping planes can be added to section this tube in to a box. Objects within the box are visible, whereas those outside are clipped.
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View plane

For a perspective projection, picture rays from the center of projection passing through the window to form a viewing pyramid. This pyramid can be truncated by the front and back clipping planes to form the view volume in which objects can be seen.
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For both parallel and perspective cases, we have a view volume bounded by six clipping planes. The top, bottom and side planes can be determined from the window and projection information, but additional routines are needed to allow the user to specify the front and back clipping planes.

Each visible point passes from one algorithm to the next until it has been checked against all clipping planes.

The clipping process




  





Hidden surfaces and line removal

Only those lines and polygons should be drawn which could actually be seen, not those which would be hidden by other surfaces. What is hidden and what is visible depend upon the point of view.

As seen from the front, the front of the building is visible, while the back of the structure is hidden; but as seen from the rear, this situation is reversed.

Drawings in which all parts of the figure are always displayed are called as wire frame drawings. The removal of hidden portions of objects is essential to producing realistic-looking images.

Painter’s algorithm

The algorithm gets its name from the manner in which an oil painting is created. The artist begins with the background. The artist then paints the foreground objects. There is no need to erase the background scene, the artist simply paints on top of them. The new paint covers the old so that only the newest layer is visible. 

A frame buffer has this same property. A filled polygon is entered into the frame buffer by changing the proper pixels to values corresponding to the polygon’s interior style. If a second polygon is entered “on top of” the first, some of those same pixels will be changed to correspond to th esecond polygon’s interior style. Wherever the second polygon lies the first polygon’s pixels have been forgotten. The second polygon has covered up the first.

The painter’s algorithm tells us to enter first those polygons that farthest from the viewer and enter last the objects closest to the viewer. Hidden surfaces can be covered up by choosing the correct order to draw them and taking advantage of the properties of frame buffers.









The most recent filled polygon overwrites previous pixel values

Compare each of the polygons with the rest of all to see which is in front of which i.e. sort the polygons to determine a priority for their display. The sorting will determine the order in which they will be entered into the display file.

Z buffers/Depth buffer

Compares all of the surfaces, which are projected onto the pixel and decide which one can be seen.

Z buffers is a large array with an entry for each pixel on the display. The Z buffer is used to save the z coordinate values. It helps us to sort out the polygons by keeping track of the z position of the surfaces being displayed.

The initial value may be thought of as the z position of the background. The display file interpreter, using scan conversion algorithms will enter polygons one by one into the frame buffer. Suppose that the algorithm, which turns on each pixel of the polygon, knows the projected z position of the point being displayed. It could then compare the z position of the polygon point with the Z-buffer value and decide if the new surface has a z value greater than the Z-buffer value, then it lies in front; its intensity value is entered into the frame buffer, and its z value is entered into the Z buffer. If the z value of the new surface is less than the value in the Z-buffer, then it lies behind some polygon, which was previously entered. The new surface will be hidden and should not be imaged. No frame buffer or Z-buffer entries will be made. The comparison is carried out on a pixel-by-pixel basis, and able to find the z position of the projected point for every pixel of the polygon.

Warnock’s algorithm

As the resolution of the display increases, the amount of work, which the algorithm must do to get the scene right also, increases. 

The algorithm divides the screen up into sample areas. In some sample areas it will be easy to decide what to do. If there are no faces within the area, then it is left blank. If the nearest polygon completely covers it, then it can be filled in with the colour of that polygon. If neither of these conditions holds, then the algorithm subdivides the sample area into smaller sample areas and considers each of them in turn. This process is repeated as needed. 








It stops when the sample area satisfies one of the two simple cases or when the sample process can also be allowed to continue to half or quarter pixel-sized sample areas, whose colour may be averaged over a pixel to provide antialiasing.

Shading algorithms

Rendering

Process of producing realistic images or pictures.

Constant-Intensity / Flat Shading

A fast and simple method for rendering an object with polygon surfaces.

A single intensity is calculated for each polygon.

All points over the surface of the polygon are then displayed with the same intensity value.

Constant shading can be useful for quickly displaying the general appearance of a curved surface.

Gouraud / intensity-interpolation Shading

Renders a polygon surface by linearly interpolating intensity values across the surface.

Intensity values for each polygon are matched with the values of adjacent polygons along the common edges, thus eliminating the intensity discontinuities that can occur in flat shading.

Each polygon surface is rendered with Gouraud shading by performing the following calculations:

· Determine the average unit normal vector at each polygon vertex.

· Apply an illumination model to each vertex to calculate the vertex intensity.

· Linearly interpolate the vertex intensities over the surface of the polygon.
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Gouraud Shading removes the intensity discontinuities associated with the constant-shading model.

Linear intensity interpolation can cause bright or dark intensity streaks called Mach bands, to appear on the surface. These effects can be reduced by dividing the surface into a greater number of polygon faces.

Phong / Normal-vector interpolation Shading

Displays more realistic highlights on a surface and greatly reduces the Mach-band effect.

A polygon surface is rendered using Phong shading by carrying out the following steps:

· Determine the average unit normal vector at each polygon vertex.

· Linearly interpolate the vertex normals over the surface of the polygon.

· Apply an illumination model along each scan line to calculate projected pixel intensities for the surface points.
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Intensity calculations using an approximated normal vector at each point along the scan line produce more accurate results.

Requires considerably more calculations.
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