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In this assignment we will raytrace Constructive Solid Geometry (CSG). On the website you can
find an adapted version1 of the already known raytracing framework which now supports scenes
containing CSG trees.

Exercise 1 (Constructive Solid Geometry, 12 Credits)

Figure 1: How the four example scenes csg-union, csg-intersection, csg-difference-a and
csg-difference-b should look like after the task is done correctly. For each of these scenes it is
necessary to implement only one of the functions (corresponding to its name).

In the framework you will find the new files CSGPrimitives and CSGTree, which contain all classes
and structures relevant for this task. A few notes about the classes that are implemented there:

� CSGSphere and CSGCube are classes that inherit from CSGPrimitive and implement an intersection
test that return all intersection points (instead of just the first one). Since these objects are convex,
there are at most two intersection points.

� CSGIntersectionInterval is a struct that stores both (a) the intersection point when the ray
enters the object and (b) the intersection point when it leaves, including the ray scalar t as well
as the normal of the surface.

� CSGNode implements a node of the CSG tree containing either a CSGPrimitive (if the node type
is set to LEAF NODE) or two child nodes (when one of the other node types is set).

� CSGTree implements the tree structure and has a CSGNode as root node.

When performing an intersection test between a ray and a CSG tree, all intersection intervals between
the ray and the primitives must be found. These intersection intervals are then propagated to the
root node. In this framework, we already merge the intersection intervals when we traverse the
tree recursively. Depending on the operation (union, intersection or difference), the merging of the
intersection intervals differs.

1 https://cgvr.informatik.uni-bremen.de/teaching/cg2/uebungen/CSGRayTracingTemplate.zip
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Your task is to implement the csgUnion, csgIntersection and csgDifference functions in the
CSGTree class, which should perform the merging of intersection intervals for the operations ’union’,
’intersection’ and ’difference’ respectively.

Since multiple intervals can occur along a ray as explained in the lecture, the functions each get a
std::vector of CSGIntersectionIntervals for both child nodes and also return such a std::vector
(which is comparable to an ArrayList in Java). Also note that you can use the attributes a_t and
b_t to test whether two intersection intervals overlaps – these are the scalar factors which are mul-
tiplicated with the ray direction to obtain the intersection point.

You can test your implementation with the new example scenes given in the framework, which should
look similar to the rendering in Figure 1 and Figure 2.

Figure 2: How the example scene csg should look like after all three functions have been implemented.
The left image shows the partial solution where every overlapping intersection interval is considered
only once (as mentioned in the tutorial) and the right image shows how it will look like if all cases
are considered.
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