












were used in a speed analysis using the following critical
speed formula.10

Where g is gravity, f is the tire frictional coefficient and R is
the radius of the path of the leading front tire. A typical tire
frictional coefficient of .75, for dry asphalt, was used in this
analysis. The difference in radius yielded a difference in the
speed calculation from 61.7 mph to 61.8 mph, a total
difference of .1 mph.

In addition to the quantitative comparison of both the location
of points and the curvature of the measured tire mark, a
graphical comparison was also performed on a curve and
over the crest of a hill to evaluate the projection mapping

process under those circumstances. The sequence involved
video recording and projection mapping three shapes; a
circle, a square and a triangle. The circle, as painted on the
roadway measured 3 feet in diameter, the square was 3 feet
by 3 feet and the triangle was equilateral with all sides 3 feet
long. As seen in Figure 3, video records the shapes spray
painted on the roadway in perspective, and as a result the
shapes appear stretched in the frame. Circles look more like
ovals, squares look like rectangles and the triangle appears
stretched when viewed at an angle. However, when processed
through the methodology described above, and the same
methodology for the tire mark analysis, the correct shapes are
eventually projected onto the computer modeled roadway.
Figure 14 shows is the comparison, graphically, of the survey
of these platonic shapes and the projection mapped results of
the same shapes.

Figure 12. Image showing surveyed spray paint (top) and camera projected paint (bottom) marked with letters

Figure 13. matrix comparing survey points to projection mapped model.
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Figure 14. Overlay of surveyed shapes (purple) on the
projected mapped shapes(orange)

CONCLUSIONS
This paper presents and evaluates the ability to take video
footage of an accident scene that contains physical evidence
on the roadway and, through photogrammetric and projection
mapping processes, create a three-dimensional, scaled
accident scene diagram with rectified photographs mapped
onto the geometry. The projection-mapped images are a
series of still frames from captured video, texture mapped to
the surface of the computer model of the scene, and then
scaled and rectified to properly represent the shape, position,
and scale of the physical evidence. This process would be
particularly helpful in situations where performing a
traditional total station survey or laser scan is not a
possibility, or where out-of-pocket costs are an issue. When
photogrammetric camera projection is applied, it was found
that roadway curves, grade and tire mark measurements were
in agreement with the Sokkia laser survey. The final product
allows one to view a mapped 3D terrain with correct roadway
features, lighting and scale. In addition, the projection
mapping properly positioned and scaled features that could
appear distorted due to perspective. The projection mapped
scene enables an accident reconstructionist to not only take
accurate measurements of evidence, but also see this
evidence at a photographic quality in a scaled three-
dimensional environment. This paper explores mapping of
roadways, which are relatively flat surfaces and particularly
complex geometrically. Laser scanning can produce much
higher resolution geometry, though for many applications
video tracking and mapping would provide sufficient detail in
the roadway geometry. This process in theory would also
extend to mapping non flat surfaces that are visible in the
video, such as curbs and walls, provided the detail of this
geometry is not complex. Occluded surfaces would be an
exception since these would not be captured by video, as
would objects of geometric complexity such as trees, bushes
and rocks. These objects simply have too many surfaces and
varying geometry to be modeled and mapped from video.

Some other limitations in this process include pixel stretching
due to a low angle between the roadway and the mounted
camera. The lower the angle, the worse the effect. Perspective
in the image makes objects in the distance a much smaller
portion of the overall image and this makes projection of far
away objects less accurate. Also, objects may appear blurry

on the edges of the framed image particularly outside the 60
degree field of view. Finally, deterioration of the evidence,
sun glare or other conditions that make the evidence on the
roadway less visible, will likewise make the evidence as
captured in the video footage less visible, harder to project
and measure. As advances are made in better resolution, and
better mounting systems, some of these limitations may be
minimized. Further research in rigid camera mounts and the
angle at which they are mounted relative to the road may help
improve error.
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