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Overview

In implementing computer graphics algorithms, we frequently need a low-cost method to “keep track

of” an object without having to continually reference the object’s mathematical complex definition. In many

cases, abounding boxcan be placed about the object and the algorithms can refer to the box when necessary,

rather than the object.

What is a Bounding Box?

A bounding box for an object is just a rectangular box in three-dimensional space, with sides paral-

lel to the coordinate planes, that contains (or surrounds) the object. This illustration below shows a two-

dimensional box surrounding a curved object.
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How Do We Construct Bounding Boxes?



If we are given an object represented by a set of points

P0 = (x0, y0, z0),

P1 = (x1, y1, z1),
...

Pn = (xn, yn, zn)

(e.g. the vertices of a polygon, or the control points of a Bézier Patch), we can build a bounding box about

the object simply by defining the box to be

min
0≤i≤n

{xi} ≤ x ≤ max
0≤i≤n

{xi}

min
0≤i≤n

{yi} ≤ y ≤ max
0≤i≤n

{yi}

min
0≤i≤n

{zi} ≤ z ≤ max
0≤i≤n

{zi}

Of course, many other boxes may be defined which contain the object, but this is a minimal box that has

sides parallel to the coordinate axes.
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In Relation to the Convex Hull ...

If we consider the above pointsP0,P1, ...,Pn, the bounding box is a convex set containing the points.

Since we know that the convex hull is the smallest convex set that contains all the points, it must also be

contained in the bounding box. That is, a bounding box contains the convex hull.
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A Simple Intersection Test

If we have two complex modelsM1 andM2 and we wish to see if these models do not intersect, we

can use a “bounding-box test” to give a quick initial answer. IfB1 andB2 are bounding boxes containing

M1 andM2 respectively, it is easily seen thatM1 andM2 cannot intersect if the two bounding boxes do

not intersect.
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This test can only be used to see if the objects do not intersect, it cannot be used to test for intersection.

If the bounding boxes do intersect, we can only say that it is possible that the objects intersect. We cannot

say it with certainty.

A Ray/Object Intersection Test

Suppose we have a complex modelsM and we wish to see if a ray intersectsM. This is normally a

complex operation, and we can simplify it somewhat by using a simple “bounding-box test” to see if the ray

missesM.
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By placing a bounding boxB aroundM, we first see if the ray hitsB, and if not, we know that the

ray does not hit the modelM. Of course, if the ray hits the bounding box, we then must test it againstM
for intersection which may be expensive. But by testing first against the bounding box, we can eliminate a

number of complex expensive calculations.
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