Preserving Dinosaur
Tracks on Dinosaur Ridge,
Morrison, Colorado

To what extent can terrestrial photogrammetry be used for
displays and/or engineering purposes? What is the state-
of-the-art of the technology? What were the difficulties
encountered, and how were they circumvented? These are
the questions we asked as we set out to determine how best
to photograph and preserve the dinosaur tracks on Dinosaur
Ridge in Morrison, Colorado.

The “Friends of Dinosaur Ridge” group that manages the site
for the town of Morrison, Colorado, was interested in finding
a way to measure site deterioration due to climate, and the
reduction of the number of footprints due to theft. Figure

1 shows holes in the surface (shored up with metal strips
held by rebar) where important footprints have already been
removed by thieves. In addition, the group is considering
the installation of a roof that covers the site so that tracks
can be better protected from the elements. Winds at the site
can exceed 160 Km/hr., and snowfalls can exceed 2 m. This
means that the roof has to be well engineered.

Significant aspects of the project
included:

* A comprehensive approach, as in the case of con-
ventional aerial projects.

» A stepwise block-building approach that included
highly convergent photography, even to the point of
using opposite directions.

* The photos used large object angles (due to lack of
perpendicularity between lens axis and object plane).
» Widely varying object distances, ranging from less
than three meters to more than 50 meters.

This project was completed successfully in all respects
(content, usability, and accuracy). Keep in mind that product
aesthetics were not the top priority.

The size of the area containing the dinosaur tracks on
Dinosaur Ridge is about 33 m wide, 29 m deep (slope
distance), and has a change in elevation of 17 m. A paved
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road crosses in front of the site (just below the photograph in
Figure 1 — not shown). The track surface is firm, but covered
in a fine sandy dust that makes walking over it very difficult,
especially when there is moisture in the air.

oped surface
(inclined about 36° from the horizon) that contains dinosaur footprints
imbedded in sandstone, a layer that is about 150 million years old.
Over a dozen different animals left tracks there. Some of the larger
tracks appear black because they were rubbed in with charcoal for
the tourists.

The camera used was placed on a tall tripod or lofted higher
with the help of a 6 m telescopic pole (as in Figure 1). The
14.2 Mpixel sensor has a format of 23.4 mm x 15.6 mm
(4,592 x 3,056 pixels) for the selected 3:2 aspect ratio. This
makes the image plane resolution about 5.1 pm/pixel. Images
were collected in JPEG format, leaving them at 23.8 Mbytes
each. The corresponding GSD (ground spacing distance or
pixel footprint) at 50 m therefore was about 16 mm.
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Prior to the photo shoot, the f-stop was set to 8, and the léns
was focused to infinity (actual through-the-lens focusing, not
the end of lens travel). Everything in the camera was frozen,
including autofocus, auto-exposure, aperture, blur detection,
face detection, and smile detection, essentially converting
the camera into something like a pinhole camera. In other
words, everything was done to make sure that
all subsequent photography (calibration and
site shots) used the same lens portion and
parameters. The focusing ring on the camera
was clamped with the help of a tight plastic
ring against the lens housing so that it didn't
move (see Figure 2). The camera was then
calibrated with the help of 16 panels holding
five target points each (a calibration field of 80
target points) which were placed on the ground
in a tight formation (filling the lens field-of-
view). Twelve photos were then taken of the
target panels (three camera positions from four
directions).

During the photo shoot, the only setting that
was activated manually was the exposure time,

As a result, the only problem introduced by this
inflexibility was that images were sometimes
too dark, and sometimes too bright (something that can be
adjusted with software without affecting accuracy). Part of
the reason was that the sandstone was very light in color
and had the tendency of washing out detail in the images.

In addition, any atmospheric moisture created more marked
color differences.

Figure 2 shows one of the ground control targets (blue strip
#7). These targets were built so that the center of the target
(white circle) was exactly above the small yellow arrow at the
bottom of the target, and 0.20 feet above the ground. The
vertical shift (+0.20) in the control elevation was taken into
account during computations.
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which most of the time was left at 1/600 second.

The Technical Approach to the
Project Was Comprehensive and
Consisted of Four Phases.

Phase 1 — Establishment of the Ground
Control =<

Ground Control was completed by planting six nails into the
edge of the pavement of the access road (three points each
side of the road), measuring the distances between them with
a steel surveyors' tape and then using an automatic level and
rod to obtain elevation differences for each nail. One easily
recoverable point of the site received the arbitrary 6,000 foot
elevation (1,828.80 m). Then, one target (like #7 below) was
placed on each nail (the small yellow triangle at the bottom of
the target was placed
on the nail head). This
resulted in a control
field that was about 33
meters long and eight
meters wide, and X,

Y and Z coordinates
were calculated for the
six points, resulting in
a scaled and leveled
reference field.

Phase 2 —
Creating Basic
Controlled Block
A total of eight photos
(four uphill and

four downhill) were
collected. Enough of
the track site was also
covered to be able to
perform a good control
transfer upslope.

This phase resulted

in a solid horizontal

Figure 2. The camera in front

of its case. Note the yellow lens
clamp. Also note the small mirror
that allows shutter actuation from
below via infrared remote. Behind
the camera is one of the 16 white
calibration panels.
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and vertical control space for the project, and the resulting Phase 3 - Transferring Control up the Slope
adjusted photogrammetric block (for Phase 2) having an Transferring control up the slope consisted of taking shots
overall RMS of 0.01 pixels, and a largest ground control upslope from various points along the road (from the road
residual of 0.9 cm. Since this block included pass points up straight up the hill), essentially to transfer and extend the
~the side of the hill (utilizing natural features), block residuals control field along the road all across the track site (See

were somewhat larger than expected. (Figure 3) Figure 4). Phase 3 photography lens axes were approximately
parallel to each other and approximately horizontal.

Figure 3. Collecting the control space photography. This consisted of taking photographs up and down the road
Figure shows two of the shots) to create a controlled photogrammetric space along the road.
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Figure 5. The distribution of the camera stations for phases 1, 2 and 3.
Note that some of the shots were highly convergent, or even in opposite
directions (up and down the road). The grey line to the right represents the
top of the fence around the site.
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Track Inventory - June 2011
Orthomap of Track Site:
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Photogrammetric Contours of Track Site






