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Fizure 7.1

Take the example in figure7.1. We can draw this figures surfaces with
only 4 accesses to the objects file for data. However, each time we collect
the scan line intersection points from the object file we need to collect
more infromation in X_box than just the start and end 1 segment vaiues.
We also need now need the incremental depth for each of the start and end
values. From scan line 1 1o scan line 2 we will increment the ¥_values and
draw the segments. The next event is signaled by the change of the
incremental x values at the verticies B and C. The big savings here is in the
neediess lookups and resetting of the object [ile, and also the time spent
looking at each face of each object in determing the intersection point for
each scan line will be saved.

The method looks good for the simple case of single objects and
objects which do not visﬁan’y overlap. The problem gets a little sticky in
the area of object conflict. Notice that the introduction of a new object is
not 2 problem. A new object is a new event and new ¥ _boxes will have 10
be established for the scene at the point. The problem is when an object

face "grows into” or "grows away from” another object. The Iwo cases are
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represented in figure7 2.
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Handling the first case is easier than the second. A point of conflict
will develope between the figures A and B as A grows into B in ligure7.2a.
Al this point, the program will resolve the conflict by comparing the depths |
as discussed above. Say that face A is visually in front of B. When the
confiict is resolved, instead of simply chopping the segment, the proposed
improvement would replace the incremental ¥ value for the end point of
object B's scan line segment with the incremental x value {or the starling
point of object A's scan line segment. Because we do not allow intersectling
faces, A will continue to obscure B at least until the the next event. If the
face of A will continues to grow and, at some scan line, completely
obscures face B, the program can still correctly draw the scene if we add

this mandate 1o the routine which increments the group of 1_boies:
if the segments starting 1 value < the segments ending x value, then
the segment is finished. Either make the box as covered or remove il
from the list.

Briefly, if face B visulally covers face A in our example, the
incremental x value of B's endpoint will become the incremental x value of

the starting point of face A's scan line segment. The scene will have no
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changes until the next event which happens under [ace B.

The second case slightly more difficult in that the program will have
to create a new event on the fly. Say we have the situation in figure7.2b.
when the scan line is 1, there is a conflict between faces A and B. If A is
visually infront of B then the conflict will be resolved in favor of face A by
the method discussed above. Leaving the processing unchecked, the face
of B would be drawn without the free space Q, as the correct picture should
look. Using the next event signal, this case must check to see if there will
be an intersection of the edges of these [aces before that next event. If
that is true, as in the point Q of figure7.2b, then the y value at that
intersection point should signa! the next eveni. Notice that the f igure7 2¢
will employ a combination of these two case to resolve the conflict.

There are probably other methods to speed up the scan line aigorithm
that we have not examined, This one improves upon the methods that we
examined in the following way. At a new event, after just computing the
new segment boxes and resolving the overlap conflicts for thal new scan
line, no new comparisons will need to be made, only incrementations of the

segment endpoints. This is a true example of area coherance.
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7.2 Shading

We developed BRUCE with the intention of making it handle shading.
Ultimately, however, the lack of a good graphics terminal prevented us
from implementing it. Nevertheless, we design of the hidden surface
algorithm makes it easy to incorporate the method of shading described
below.

Shading is used to further increase the realism of a ccmputer
generated display. If a curved surface was approximated with many f(lat
faces, shading can restore the smoothness. Two important characteristics
are used in determining what color and intensity to draw. First is the
properties of the face including color, reflectivity and transparency. The
second is the properties of the illumination including the number and
sources of illumination and the amount of ambient light. The shading
contribution from a sourée of light will vary as the orientation changes
according to Lambert's law, which states that the energy falling on a
surface varies as the cosine of the angle of incident light. The problem
becomes one of finding the normal to the surface at a given point and then
getting the angle between the normal and the ray hitting the face.

Qur hidden surface algorithm could easily implement a shading
technigue called Gouraud shading. The normal is determined by double
linear interpolation along scan lines.

First, the normal at the veriex is approximated by averaging the
pormals of the faces that meet at the corner. This is used to get the precise
shading value at the vertex. Shade inside the face is interpolated from the

shades at the vertices. Now consider a scan line iniersecting a face at two
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poinis 2, b. The shade at these points is interpolated from the end vertices
of the edge each point is on. The shade for peoint p inside the face on the
scan line is interpolated from t;he shade values of poinis 2 and b,

There are several drawbacks to this method, however. First is the
large number of inierpolation calculations needed. This can be reduced
somewhat by using incremental values which need 1o be computed less
often. Second, anomalies in shading can arise because of the averaging of
normals at the vertices. Adding small surfaces near the vertices can
reduce this problem. Another drawback to Gouraud shading is that the
interpolation can introduce the Mach band effect, a phenomenom of the
human visual system due to discontinuities of the rate of shading (Newman

and Sproull, p. 400).
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g. Conciusion

We were inspired to write this thesis because we wanted to know how
computer generated pictures were generated. We wanted to develop a
system to allow anyone at Darimouth College to do the same. As a result,
we developed BRUCE, a very powerful graphic system that solves many of
the problems of three dimensional graphics. |

BRUCE is designed to be easily expanded. It provides a good basis
and suitable environment for further research into the relatively new fieid
of three dimensional graphics.

The iast line though, is that now we know how those pretty pictures

were drawn, and we supply a portfolio of our own pictures.
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