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(one-quarter of 21.2 percent), and its
doubling timeis therefore almost
fourteen years, nota little over
three. The mistake is reproduced
ritually for every state. That's first-
vear statistics, folks... and a howler.
Fixit, please, for the next printing.

This is a kind of atlas that
should be coming out more often:
fine thematic mapping with sen-
sible accompanying text and photo-
graphs, charts and tables. All the
hallmarks of an inescapable vol-
ume are on hand—no one who
works in the West, or writes or
teaches or lives here—should go
without. If there are individual de-
tails that can be picked on, that's
the sort of discussion that such a
book should inspire. And, overall,
the symphony is sonorous and
striking.
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Overview

Low-altitude, visible spectrum
videography providesarelatively
low-costopportunity to detect de-
tailed surface features, and may be
a practical media choice for moni-
toring such surface feature changes
over time. However, this tvpe of im-
agery has not been widely used as a
resource for developing thematic
data in Geographic Information
Systems (GIS). This article de-
scribes a process for converting the
video frames into composite still
images and for georeferencing these
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images to an existing set of base GIS
themes.

Interest in exploring this process
arose in 1997 when resource man-
agers at the South Slough National
Estuarine Research Reserve (NERR)
in Coos Bay, Oregon, wanted to
evaluate the change in the distribu-
tion of eel grass beds (Zostera marina
and Z. japonica) in the slough. The
eel grass beds provide shelter for a
wide variety of fish and inverte-
brates and are an important compo-
nent in the slough ecosystem. Field
observations conducted in 1991
and 1992 were used to develop GIS
data layers showing the approxi-
mate distribution of the beds at that
time, Base themes for the GIS, such
as the channel location and shore-
line, were developed using 1991
aerial photos (1”7 =1,000") and 7.5
minute USGS maps (17 = 2,000")
(Figurel).

Video Characteristics
In 1996, visible spectrum Hi-8
video was filmed by Charles

Rosenfeld, Department of Geo-
sciences, Oregon State University,
for amajor portion of the slough.
The camera altitude varied from ap-
proximately 1,000" to 1,500, and
the scale of the resultant digitally
converted images was approxi-
mately 1”7 =100". At72 DPI, this
corresponds to a resolution of about
1.4’ per pixel. By comparison,
shuttle radar and SPOT resolution
is typically 10 m, and Landsat the-
maticmapper (TM)and multispec-
tral scanner (MSS) images range
from 30 m to 120 m resolution.

Each frame of the video con-
tained locational coordinates ob-
tained from a GPS. However, the
sensitivity of the GPS equipment re-
cording the latitude and longitude
was such that the values did not
keep pace with the movement of the
aircraft. Atseveral points, the coor-
dinate values are lost completely for
a period of a few seconds to over a
minute. Consequently, the latitude
and longitude values were useful
only for very general placement of
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Figire 1, South Slough Base GIS Data from 1991 Aerial Photography
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geographic location, such as identi-
fying the approximate beginning
and ending range of footage for the
study area. No flight plan was pro-
vided with the video.

Georeferencing of the video-
graphy is further complicated by
the differences in distortion be-
tween the 12 mm lens for the video-
graphy and the 152 mm lens used
for the aerial photographv. The
misalignment is primarily longitu-
dinal, as the video imagery coin-
cides reasonably well in the north-
south direction.

Software and Hardware
MaclIntosh System 8.0:
Adobe Photoshop 4.0
Adobe Premiere
Macromedia Freehand 7.0
KanduCADMover4.0
Windows NT:
ESRI ArcView 3.0a

Process Description

The four major parts of this pro-
cess are 1) the conversion of the
video frames to still imagerv, 2
compositing the individual stills, 3)
delineating the new surface feature
vectorinformation, and 4)import-
ing the new surface feature vector
data to the GIS.

Video Conversion to Still imagery
Adobe Premiere videoediting
software was used throughout this
part of the process, with full screen
settings (640 x 480 pixels), to view

and capture video data.
1. Capture twosample frames
for start and two sample frames
for end positions each time
plane began and ended a pass
to determine total number of
passes, orientation of each pass
and geographicextent.
2. Use the rough latitude and
longitude coordinate values on
the video and USGS quad map
to determine which sections
covered the study area. Of the
eightidentified passes, only the
firstseven covered the study
area.

3. Capture frames of the study
area as PICT images. In order to
have sufficientoverlap between
frames, capture approximately 1
frame per second, orevery 30th
frame. Each frame image is
about 8” x 6.5” and at 72 DPl is
approximately 900 KB. For our
project, thenumber of images
per pass varied from 30 to 40.
Thus, about 220 MB of disk
space was required to store all
the individual frame images.

Creating the Composite Iinages

The challenge in the compositing
process is to place the individual
frames so that features in the result-
antimage are in their proper geo-
graphic location with respect to
some set of base features. Since the
GPS locations provided on the
video were not precise and there
were no other comprehensive set of
control points available as refer-
ence, the existing GIS vector data
representing shorelines and the

channel were used as the base for
georeferencing,.

The software tools used in this
compositing process were ESRI's
ArcView 3.0a for GIS data manipu-
lation, and Macromedia Freehand
7.0, which was selected because it
uses both vector and raster data,
and allows linking to the indi-
vidual image files without actually
storing them as part of the compos-
ite file. This helps to reduce the
amount of disk space required and
the processing time. Adobe
Photoshop 4.0 was also used to pre-
process the PICT images and con-
vertthem to TIFF.

1. Display the base data in an
ArcView View window, using
distinct symbology forshore
and channel features. Export
the View as an Adobe Illustrator
format vector file, and open with
Freehand 7.0

2. Rescale the vector features in
Freehand to approximate the
size of the anticipated finished
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Figure 2. Comparison of Camera Lens Distortion Effect on Shoreline
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composite image. The rescaling
percentage may be estimated
based on a preliminary joining
of several adjacent images from
each pass to determine the final
size of the total image. In this
project, a 2000% overall enlarge-
ment was applied, then a 72%
horizontal resizing was used to
compensate for the difference in
lens distortion between the
video camera and still aerial
camera that provided the 1991
images for the base GIS data
(Figure 2). Itis important to note
the rescaling percentages be-
cause once features are delin-
eated from the composite image,
the resultant vectors will be
scaled inversely (in this case, in-
creased horizontally by ap-
proximately 139%)to create
data consistent with the original
base data and the other existing
data in the GIS.

3. Using Photoshop 4.0, open
each PICT and clip out only the
central portion of the image,
plus a minimal overlap, and
paste it into a new file to be
saved as acompressed TIFF.
This reduces the individual im-
age file size typically by 70 -
80%, and allows the linking
function in Freehand. PICT
files, whenimported into Free-
hand, are automatically embed-
ded in the working file regard-
less of the preference setting that
controls linking.

4. Open the Freehand 7.0 base
file, and import the individual
TIFF images as links, working
on one pass at a time. Create a
separate laver for each pass,
and position/scale the images
to fit the base data. In this
project, scale adjustments were
made uniformly for all the im-
ages in a single pass, although
the percentage adjustment var-
ied from pass to pass depending
on variations in the video cam-
era altitude between passes.
Adjustments were made to each
pass based on the inclusion of

adjacent passes, distributing the
perceived error throughout the
area to achieve the best fit with
the boundaries of the base data.

Delineating New Feature Data
Now that the TIFF images have
been composited, capture the de-
sired surface features as vector data
in Freehand.
1. With the spatially referenced
TIFF images as background lay-
ers, create a new laver for the
new surface feature data. Itis

possible to work at the scale of
the original videography by
zooming in on the image, and
full-size plots may be used as an
additional source of informa-
tion.

2. The new feature data will be
scaled to the size of the video
images. Apply the inverse scal-
ing described above to the new
feature data and the base data to
set it back to the original dimen-
sions of the base data.
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Figure 3. Eelgrass Distribution at South Slough NERR
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