


Haverkamp: Extracting straight road structure . ..
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Fig. 3 Knowledge conceming the underlying road network structure
enables us to identify missing components; (a) shows how undetec-
ted road pixels affect the initial road extraction, while (b) illustrates
that the underlying road network structure can be used to hypoth-
esize and verify missing information.

tersection and its n neighbors, if the relationship of that
intersection to its neighbors is characteristic of the local
neighborhood.

To get to the point where we can take advantage of these
spatial relationships, we must first derive and recognize
them. The product of the low-level pixel processing is a
determination of the nature of the local road component
(two-way segment versus three- or four-way intersection)
and the direction of the road at that pixel. Given these two
pieces of information, we can group pixels together into
objects that potentially correspond to intersections and the
road segments between those intersections. As objects, we
can analyze them to see which ones will be useful for ex-
tracting the underlying road network. Here, the geometric
characteristics of the objects become important. For ex-

Fig. 4 Example results: a panchromatic image of San Diego, Cali-
fornia, with the extracted road network overlaid on the data in white.
Image size is approximately 1100X 1100 pixels.

ample, the only objects that we can be certain are road
segments are those which are straight and which are fairly
compact in structure. We use size, eccentricity, and length
to determine which two-directional (road segment) objects
will contribute to our estimate of the underlying road net-
work structure. Likewise, to be sure that an intersection is
part of our road network, there must be a nuinber of
incoming/outgoing road segments arranged in some spatial
pattern about it. Once we have established these “recogniz-
able” components, we can use them to determine the un-
derlying road network structure.

To derive the road network structure, the spatial relation-
ships between neighboring intersection objects are used.
Through utilization of the connecting road segment objects,
we can derive the following spatial description for an inter-
section A:

has-neighbor A N, has-neighbor A N, ... has-neighbor A N,
distance d, distance d, distance d,
angle 6, angle 6, angle 6,

where intersection N, represents a neighbor of intersection
A, d, is the Buclidean distance from A to N, 6, is the
angle measured between the line from A to N, and the
horizontal, and x={1,2,3,4} for a valid intersection object.
If there are enough intersection objects in a local area with
a spatial description similar to A, then that spatial descrip-
tion becomes the estimate of the underlying road network
structure.

The recognition of these spatial relationships not only
allows us to derive a good straight-line approximation of
the road centerlines in the image, it also benefits us by
providing a framework within which to propose hypotheses
concerning the existence of missing road network structure.
If we have identified the spatial pattern of the underlying
road network, we can select intersection objects that fit this
spatial pattern and then hypothesize the existence of “miss-
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