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2. Road Generation
To generate a road in our system, the user sketches the desired path of the road onto a
three-dimensional terrain. We then determine its connectivity with the other roads in
the network and store this information by creating ‘Connection Constraints’. The
sketch is then converted into a clothoid representation, so that resulting roads ‘can be
navigated at constant speed by linear steering and at a constant rate of angular
acceleration’ [MS09]. To construct piecewise clothoid curves, we adapt a technique
proposed by McCrae and Singh [MS09], where the set of sketch samples are
approximated in curvature-space using a dynamic programming algorithm.

To ensure that the curve connects to the road network as desired, but also appears
realistic, we constrain the shape of the curve to meet the requirements of the
‘Connection Constraints’ and ‘Geometric Constraints’, which consider the geometric
properties of roads, such as tangents, gradients and the rate at which these values
change [Hig02]. The algorithm we present converges to this balanced solution, by
incrementally adjusting the shape of the curve in a direction that best satisfies the
applied constraints. We iterate through each sample and store the accumulated error ε
of all the applied constraints, as we increase and decrease its parameters by fixed
intervals:

where Hi is the original height of the terrain at point i along the curve, hi is the height
of the road at this point, g(i, i+1) is the gradient of the road between samples i and i+1,
and Δg(i, i+1) is the change in this gradient where i > 2.

1. Abstract
To create traffic simulations of high visual-fidelity, each road needs
to be designed and modelled in great detail to conform with the
governing rules and regulations of highway design. Roads could be
created manually, but this can become a time-consuming and
laborious process when modelling large-scale networks. Therefore,
automated techniques for generating road networks efficiently,
without any prior user knowledge of road design principles, is
highly desirable in both urban-planning and entertainment
industries. We present a novel sketch based algorithm to generate
roads across both flat and undulating terrains. The algorithm is
guided by input sketches and a combination of prioritised
constraints, including the curvature of roads, their inclination, and
the volume of ground that would be displaced during construction.
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Weights w1 to w3 are used to bias the road to adhere to certain
properties (Figure 2). The curve is transformed by the alteration that
produced the minimum error. This process recurses until no
improvement is possible or the improvement is negligible.

3. Creating Junctions
Each ‘Connection Constraint’ stores information about the type of
connection and its approximate location along each of the roads. To
finalise junctions, we perform line intersection tests between every
segment in the existing road against every segment in the sketch
road, within a pre-determined distance surrounding the constraint’s
approximate location (Figure 4). The intersection closest to this
location is selected as the junction’s centre point. However, if no
intersection is found, the sketch is extended (B) and re-tested. Edges
of the road are then constructed by creating points, either side and
perpendicular to the centre-line. The edges of the road are extended
(A and C), and intersection tests are performed between road edges
to locate the four corners of the junction (W, X, Y and Z). Where
necessary, tailing line segments are removed.

Figure 3: A series of screenshots demonstrating our sketch-based system for
generating roads, from the user’s initial sketch where roads are generated on
undulating terrain, to a final traffic simulation [ALD10].

Figure 1: A screenshot of a road generated by our system.

Figure 4: Intersection tests are performed between the two roads to
identify the centre of the junction (green marker). Road edges are
created and corners located (red markers), and tailing line segments
are removed (red segments).

Figure 2: Weights can be adjusted to produce roads with certain characteristics. Left:
proximity is weighted highly. Right: Gradient properties are weighted highly.
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