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ABSTRACT

Photogrammetry is the art and science of obtaining precise mathematical measurements
and three-dimensional (3D) data from two or more photographs. The Bureau of Land
Management has benefited from its in-house photogrammetric capabilities, support, and
expertise for more than 20 years. This support includes creating unique and value-added
digital datasets and serving as subject matter experts and contracting officer’s repre-
sentatives to obtain aerial photography and other types of 3D data. Traditionally, most
people think of photogrammetry in the context of aerial photography. Photogrammetric
techniques can be applied to virtually any source of imagery, whether it comes from
35-mm digital cameras or an earth-orbiting satellite. As long as the images are captured
with stereoscopic overlap, one can derive accurate 3D data at a very wide range of scales.

The rapid evolution of digital cameras and increasing capabilities of computers and
analytical software has dramatically expanded the variety of situations to which photo-
grammetry may be applied, while simultaneously decreasing the costs of acquisition,
processing, and analysis. A variety of resource specialists (such as hydrologists, soil scientists,
archaeologists, paleontologists, biologists, range conservationists, and engineers) can
greatly benefit from 3D products derived from modern photogrammetric techniques.
This is especially true in the field of ground-based or close-range photogrammetry. This
document provides a general overview of photogrammetry, with separate sections focusing
on traditional aerial photogrammetry and close-range photogrammetry. The appendices
contain technical information on the equipment and suggested methods for capturing
stereoscopic imagery. Their purpose is to assist field resource specialists in the successful
completion of the imagery collection portion of a basic, close-range photogrammetry project.

INTRODUCTION

The United States Department of the Interior,
Bureau of Land Management (BLM) is
charged with managing almost 104 million
ha (256 million acres) of surface land. This
vast landscape includes some of the most
ecologically and culturally diverse, scientifi-
cally important lands in Federal ownership.
Documenting and evaluating the present
condition—and in some instances, past
condition—of its land is a critical part of the
Bureau’s mission. Not only do these condition
data provide information on the health

of the land and serve as a basis for future
decision making, but they also provide a
tool for determining the effectiveness of
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present management practices. To most
efficiently support the BLM's management
effort, documentation methods that are
quantifiable and repeatable are needed.

A tool for capturing present condition is
photography. While visually enlightening, a
single photograph is in many ways anecdotal
and can be biased by the perceptions of
the photographer (Mudge et al. 2006).
However, photographs can be taken in
such a way as to provide detailed and
measurable three-dimensional (3D) data,
thus providing a more robust dataset from
which an analyst can derive quantifiable




information. The science and technology
of this process is called photogrammetry
(Appendix A). The basic requirement for
photogrammetry is an overlapping pair of
photographs taken to mimic the perspective
centers of human stereoscopic vision.
Photography, at virtually any scale (from a
pair of images taken from an earth-orbiting
satellite to extremely close-up images of a
delicate biological soil crust), can be pro-
cessed by using photogrammetric techniques.
The resulting datasets integrate both
corrected imagery and 3D surface data that
can be viewed, manipulated, and measured
by using GIS and other similar software.

Since the 1930s, most of the topographic
and thematic maps produced in the United
States have been made according to aerial
photography and photogrammetric methods.
Aerial photography, digital imagery,
ground control survey data, and photo-
grammetry are the basic components for
many of the maps and geographic informa-
tion systems (GIS) data used by the BLM.
For more than 20 years, the BLM has
maintained some in-house photogram-
metric capability with specialized expertise
and equipment. This capability assists the
Bureau in meeting its unique data needs
(e.g., riparian boundary litigation) and by
providing large-scale mapping products not
available from other government agencies.

Within the last decade, advances in digital
imagery and photogrammetric software,
combined with lower equipment costs
(Matthews et al. 2004), have enabled the
use of photogrammetric methods over a
wider range of applications, while at the
same time reducing equipment costs and
decreasing computing times, making the
entire process more cost-effective. These
advances have revolutionized close-range
photogrammetry by removing many of the
rigors of traditional aerial photogrammetry,
thus moving stereoscopic image collection
from the hands of the photogrammetric
expert to those of field personnel.

A significant advantage of close-range
photogrammetry is that images for a small
project can be acquired with minimal field
equipment and a small amount of training.
Once taken, these images can be processed
to a detailed, 3D grid of thousands of pre-
cise data points or archived and processed
when needed to provide quantifiable
measurements of condition. This can
support long-term comparisons and provide
a visual and metric dataset that cannot

be achieved through any other method.
Because accurate measurements can be
made from the dataset, the resulting
determinations are more defensible than
simple anecdotal evidence (e.g., a single
photo). In addition, these datasets can

be more persuasive to both the internal
and external audience, thus supporting
better-informed conclusions.

In the past year, the 3D measuring and
modeling software used to process close-
range photographs has increased in its
capability and ease of use and decreased
in cost. Both traditional aerial and close-
range photogrammetric processing are
presently limited to BLM staff at the BLM
National Operations Center (NOC) and the
Alaska State Office. However, software
and hardware innovations will continue

to increase the accessibility of both
stereoscopic processing and viewing, making
photogrammetry more accessible within
the BLM and providing a cost-effective,
responsive, and quantifiable documentation
and monitoring technique.

This report is intended to provide resource
specialists with an overview of photo-
grammetry—both traditional aerial and
close-range—and to provide examples of
projects to which these technologies have
been applied. In addition, the appendices
contain the requirements of stereoscopic
image capture, describe proper camera
settings, and outline the basic procedure
for field capture of images for a small,
close-range project.
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WHAT IS PHOTOGRAMMETRY?

Photogrammetry is the science behind the
creation of almost every topographic map
made since the 1930s. The human ability to
perceive depth is the basis for the science
(and technology) of photogrammetry. This
ability to see in three dimensions is due to
the offset in perspective centers between
the left and the right eyes. Photographs
taken to mimic this perspective shift

are referred to as stereoscopic or stereo
(meaning two). A stereo pair (or series) of
images is taken from consecutive positions
and overlap each other by at least 60%.
Through the use of photogrammetry,
highly detailed three-dimensional data
can be derived from the two-dimensional
photographs of a stereo pair.

The formal definition of photogrammetry
is the art, science, and technology of ob-
taining reliable information about physical
objects and the environment through the
process of recording, measuring, and
interpreting photographic images and
patterns of electromagnetic radiant
energy and other phenomena. In many
instances, the use of photogrammetry can
be more efficient, less labor-intensive, and
more cost-effective than other types of
field 3D data collection, resulting in prod-
ucts that have a level of detail, accuracy,
range, and price that is difficult to match
with other technologies (Birch 2006). As
described previously, the main component
necessary for a photogrammetric project
is a series of overlapping stereoscopic
images. The stereo images may be captured
by a large variety of cameras at almost
any height or platform (from tripod to
earth-orbiting satellite).

Photogrammetry is informally divided into
two basic categories according to the height
of the platform—traditional (or aerial) and
nontraditional (or close-range). Advances
in commercially available and cost-effective
photogrammetric software, high-resolution
digital cameras, high-performance laptop
computers, and unmanned aerial systems
(UAS) have caused those categories to
overlap in recent years. This document
refers to the traditional process of acquiring
and using large-format (e.g., 9 x 9 inch;
Figure 1), vertical (film or digital) aerial
images as aerial photogrammetry. Close
range is used to refer to photographs with an
object-to-camera distance of less than 300 m.

F/jare I. Example

of a /arge—-formdz‘

(9 X g—inch) verdical,
nadwral-color, aerial
photograph Zaken at

a scale oFf 112,000-
7773 area Covered A}/
Zhe /Mage /S in north-
central /Jyomfrg. The
Ked Guleh Dinosacr
Tracksite lies near the
center of the /'Maﬁe,
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Onboard a Department of the Interior helicopter at Kanab, Utah, Airport preparing
to conduct low-level aerial photography of Moccasin Mountain Tracksite.




AERIAL PHOTOGRAMMETRY

Aerial photogrammetry utilizes large-format
imagery and ground coordinate information
to effectively recreate the geometry of a
portion of the earth in a virtual environ-
ment. In this virtual environment, reliable
horizontal and vertical measurements can be
made and recorded (or compiled) directly
into a geospatial data file. Accurate
measurements can be recorded from aerial
photographic images, by using traditional
methods, only when the following condi-
tions are met: a) stereoscopic image pairs
(two or more overlapping photographs)
cover the object to be analyzed; b) accurate
X, y, and z coordinates are known for at
least three defined object points in the
overlapping photographs; and c) a calibrated
mapping or metric camera is used to take
the photographs.

The compilation of planimetric features
(such as roads and streams) and topographic
information (such as digital terrain models
[DTM] and topographic contours) from

the photographic sources is accomplished
through the use of digital stereoscopic
instruments. Digital, or softcopy, photo-
grammetric workstations require specialized
software and hardware for viewing a pair
of stereo images. In this virtual environment,
an experienced operator can link the
images with the ground control to collect
precise horizontal and vertical coordinates
for a point, line, polygon, or surface. The
photogrammetric workstation recreates
the geometry of the field subject through
a series of mathematical operations
(Figure 2). These procedures require a

high level of expertise and repetition to
maintain the operator’s skill. The softcopy
instrument has analytical capabilities to a
submillimeter level. Thus, high-accuracy
ground control coordinate positions are
needed to fully exploit the analytical
capabilities of these instruments
(Matthews et al. 2006).
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Figure 2. Digital, or sofcapy, photogrammetric
workstations Support stereoscopic w‘ewl‘rg
and measuring in a 3D environment, cliere

an oVer/qpp/‘lg pa/r of llmdjeS /S Vieewed u)/'Z‘/7
special polarized 3/625535.

Aerial Photogrammetry
Workflow

Most large-format aerial photography is
acquired through commercial contractors
and is available in hard copy (film) or digital
formats. With the exception of the BLM
Alaska State Office, the Bureau does not
have the capability to acquire large-format
aerial imagery without the assistance of a
commercial contractor. In most instances, it
is best to work through photogrammetric
specialists, such as the staff of the Division
of Resource Services (DRS) at the NOC to
ensure that the technical and user require-
ments are met. It is important to begin
planning for the acquisition of imagery
early in the project. Many elements need
to be considered to ensure that project
requirements are met (e.g., size of the
area, terrain, vegetation cover, sun angle,
type of sensor, and product accuracy).

Generally, aerial acquisition is designed
and planned according to the specifications
needed to generate a particular product




with a specific scale and accuracy. The
desired resolution dictates the height at
which the contractor must fly to acquire
the imagery. The following equation states
the relation between scale and flying height
of the aircraft (Hussain and Bethel 2004).
scale = focal length

flying height above terrain

For example; when film-based aerial
photography is flown at a height of 305 m
(1,000 feet) above mean terrain with a
153-mm (6-inch) focal length lens, the
resulting photography has a scale of 1:2,000.
With the resolving power of modern
natural color film, the smallest object that
can be detected is 5 cm. The distance of
the sensor from the subject in commercial
aerial photography is restricted by the
altitude at which the plane can operate
safely. In addition, the Federal Aviation
Administration (FAA) imposes a minimum
altitude limit of 1,000 feet above
populated areas.

Many land management agencies, including
the BLM, maintain collections of historical
aerial photography of the lands they
manage. The National Agriculture Imagery
Program (NAIP) is managed by the U.S.
Department of Agriculture Farm Services
Agency (FSA) and acquires imagery of
agricultural lands in the United States.
Other governmental agencies work with
the FSA to produce statewide coverage of
natural-color, 1-, 2-, and 10-m resolution
imagery that has been corrected for terrain
and image distortions and is geospatially
correct (orthorectified) on a cyclical basis.
Information on these archives is available
through individual agency websites.

The BLM's aerial photography archive is
maintained at the NOC.

Traditional, large-format (9-inch x 9-inch)
aerial photography is film-based and is
available in black and white, natural color,
or color infrared formats depending on

the project requirements. Each aerial
camera has its own camera calibration
report. This is a report generated with the
results of a series of tests developed to
reveal the geometric characteristics of the
camera and lens. The photogrammetrist
uses this information in subsequent calcu-
lations to remove distortions, which helps
to ensure a high-quality product. However,
the imaging and mapping industry has
started to migrate to a fully digital process
in recent years. Often, traditional film is
not used, as the imagery is captured in a
digital format.

Presently, several sensor systems are able
to capture aerial images digitally. The
frame digital sensor is similar to a film
camera in that it captures single frames.

A push broom sensor (an array of several
thousand charge coupled device [CCD]
sensors) continuously collects data and
then divides the data into frames. Digital
images can also be captured in panchro-
matic, multispectral, and infrared modes
simultaneously. This is advantageous
because the images may be captured
concurrently and do not require additional
flights. Digital sensors also offer capabilities
that allow the photogrammetrist to
enhance portions of the image through
image processing techniques to compensate
for adverse conditions such as shadows

or high-contrast areas. This allows data
collection in areas that might be obscured
on film.

Project Implementation

Many elements need to be considered to
ensure that proper project design is met.
These elements include the size of the
area, scale of the photography, terrain
(mountains or rolling hills), vegetation
cover (desert or forest), accessibility (rivers,
cliffs, or ownership restrictions), sun angle
(latitude, longitude, or time of year), and
type of sensor. Perhaps the most important
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consideration is determining the level of
accuracy necessary for the final product.
Accuracy, photographic scale, and project
size are directly related. Typically, the
higher the level of accuracy required, the
larger the scale of photography necessary,
which in turn affects the magnitude and
complexity of the job.

Photo Layout and
Flight Line Index Map

One of the most important goals of
project design is to ensure that there will
be complete stereoscopic coverage of the
area of interest, at the proper scale. Photo
layout is a depiction of the extent of

each photo in relation to the desired area
of coverage. The graphic representation
of the photo layout is often referred to

as a flight line index map. Depending on
the final photo scale, the flight line index
map for traditional aerial photography
flights are designed on 1:100,000- or
1:24,000-scale topographic or digital
orthophoto maps (Figure 3). When designing
the flight line, care must be taken to
ensure that there is complete overlap
between photographs. If more than one
line of photographs is needed, there must
be adequate side lap between the photos.

Survey Control

Another vitally important part of this
process is the ground control survey. The
survey is the link between the ground and
the aerial photography. Surveys give the
geospatial products their identity with
regard to projection, coordinates, and
final accuracy. A high level of accuracy
(geodetic quality) is of the utmost
importance when gathering the survey
(horizontal and vertical) data. Locations
for ground survey control points are
indicated in the flight line map. Correct
spacing and location of ground control
survey points determine the area that can
be mapped. Before the aerial photography
acquisition, ground control panels or

targets must be placed on the ground

as indicated by the flight line index map

(Figure 4). A center point for each panel

will be indicated by a monument (often

with a survey nail or rebar driven into the

ground). To make this point meaningful

on the final aerial photographs, large

“legs" of white material will be nailed Frocre 3 el

down in a cross centered on the nail or Aight line maps and
p/]ofo /@/oL(Z‘S.
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@are 4. Eample of” a simple, Aight line
layorct /'na//caz‘fnﬂ idea/ locations for Survey
control points.

rebar. Ideally, high accuracy horizontal
and vertical coordinates for each paneled
point will be surveyed before the aerial
photography acquisition.

Image Acquisition

After the project requirements have been
developed and the flight line and control
layouts have been designed, a specification
package goes out to bid. At this time stan-
dard contracting procedures and schedules
come into play. After the contract is
awarded, coordination must take place
between the contractor, NOC DRS staff,
and the field office to ensure the ground
control targets are in place before imagery
is acquired. After the imagery is acquired,
a review copy is provided to the Contracting
Officer’s Technical Representative for
inspection. Once it has been determined
that the aerial photography meets the
contract specifications, the imagery is
accepted. The aerial film and paper prints (if
requested) or digital files are then provided
to the NOC for processing and inclusion in
the BLM's aerial photography collection.

Interpreting the Imagery

The process of extracting data from the
aerial imagery begins with combining the
digital imagery with the ground control
coordinate data. These imagery files can
be supplied directly from a digital sensor
or by scanning aerial film. Film scanning
is performed with an extremely accurate

(micrometer accuracy level) scanner. The
result is a digital representation of the
film. The photogrammetric workstation
re-creates the geometry of the field
subject through a series of mathematical
calculations. Aerotriangulation is a math-
ematical process (least squares bundle
adjustment) by which the survey data

are used to tie the photos together and
adjusted coordinate values are distributed
throughout the entire project. The oriented
image files are displayed on a computer
monitor in a way that enables the operator,
equipped with a pair of specially designed
glasses, to view the digital image files in

a 3D environment. In this virtual environ-
ment the photogrammetrist can record

(or compile) the horizontal and vertical
data necessary for producing a reliable
map directly into a geospatial data file.

Photogrammetrically
Derived Products

A large variety of 3D digital data in
support of land use planning and decision
making can be developed from both
aerial and close-range photography.
The photogrammetric process enables
the interpretation of imagery and

the collection of data necessary to
produce reliable maps that support land
managers’ decisions and are defensible
in court. These data customarily take
the form of topography (terrain or land
surface) or planimetric (such as streams,
transportation routes, vegetation
boundaries, and cultural) information.

Digital Terrain Model

A digital terrain model (DTM) provides a
digital representation of the terrain surface.
A DTM can be produced in a manual or
automated mode. Manual mode is a process
in which a specialist, using a photogram-
metric workstation, observes each point in
accordance with a specified spacing and
records its location, both horizontally and
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vertically. Automated digital terrain
extraction is commonly referred to as
autocorrelation or digital image matching.
It is a process in which sophisticated soft-
ware matches pixels (picture elements) with
unique spectral and geospatial values in
one digital image to similarly valued pixels
in the adjacent image of the stereo pair. The
addition of more information, such as break-
lines (polylines in which each vertex has its
own x, ¥, z, location) may be required to aid
the software in determining pixel matches
in difficult-to-interpret areas. Topographic
contour lines can be generated by using
DTM, breakline, and planimetric data.

Digital Orthophoto

A digital orthophoto is a photograph that
has been corrected to eliminate distortions
and differences in scale (Figure 5a.). The
effects of camera tilt and relief displace-
ment (features at higher elevations are
displaced away from the center of the
photo) are the main causes of these dis-
tortions. To eliminate these, the ground
geometry is re-created as it would appear
from directly above each point in the
photo. This is accomplished by applying a
process called differential rectification to
each pixel in the image. The resulting
corrected image can be used as a map.

The orthophoto can be printed as a stand-
alone product or displayed as a backdrop
with other spatial information. Perspective
views can be produced by draping the
orthophoto image over the terrain surface.
This process allows one to make a “virtual”
visit to the area. The parameters of this
virtual surface can be further manipulated
to enhance, exaggerate, or isolate a certain
feature or part of the image. Topographic
contours and planimetric data can be
draped onto the orthophoto in three-
dimensional space. This virtual visit

can be extremely useful for land use
planning decisions and communicating
with the public.

Vector Map

Vector data customarily take the form

of topography (terrain or land surface)

or planimetric (streams, transportation
routes, vegetation, and cultural)
information. Planimetric features are
compiled in a manual mode, in which

the photogrammetric operator digitizes
(in real-world coordinates) points, lines, or
polygons representing features of interest
(Figure 5b and 5c¢). The resulting data

files can be imported directly into
ArcMap for GIS use or into AutoCAD

for engineering design.

Figure s. a. Digital
orthophoto rap.

A, l/ecz‘or MC;ﬁ a’e/llcfl'lzs
roads and Z‘opoﬁrqp/m/.
c. A combination of the
vector map overlan on
Zhe d;‘gifa/ orthophoto
Gz . These dfg:‘z‘a/
products were created
phActogrammetrically

at the BIM Nationa/
Operations Cernter
(Demver, Colorads) in
Support of remediation
a the Kip Van tinkle
Mine site in Elfo County,
Nevada.

" -.'_-C'y
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Imagery captured from a variety of perspectives such as this image
of a mesa west of Kanab, Utah, can be acquired from aerial platforms.




CLOSE-RANGE PHOTOGRAMMETRY

The same basic principles of traditional
aerial photogrammetry can be applied to
stereoscopic pictures taken from lower
altitudes or from the ground. Terrestrial,
ground-based, and close-range are all
descriptive terms that refer to photos
taken with an object-to-camera distance of
less than 300 m (1,000 feet). This distance
equates to the minimum safe flying height
above populated areas, as required by the
FAA. Since the same basic principles apply
to photographs taken from a camera
mounted on a tripod (terrestrial) or
suspended from a light sport aircraft (low-
level aerial), both types of nontraditional
photogrammetry are referred to in this
report as close-range photogrammetry (CRP).

A variety of cameras and platforms may be
used to obtain the photographic images
to be used in CRP processing, including
cameras housed in unoccupied airborne
vehicles, suspended below helium-filled
blimps, and mounted on tripods (Figure 6;
Breithaupt et al. 2004). Through the use of
these nontraditional methods, a resolution
or ground sample distance of 0.25 mm and

a spatial accuracy equivalent to 0.025 mm
can be achieved. Theoretically, there is
no limit to the resolution that can be
achieved from CRP images (Matthews

et al. 2006).

The BLM'’s national center in Denver has
used close-range photogrammetric tech-
niques to document resources since the
late 1980s. At that time, although producing
high-quality results, the close-range
photogrammetric process could be tedious
and time-consuming mainly because of
the need to apply traditional techniques,
workflow, and equipment to close-range
image capture and processing. However,
recent advances in commercially available
and cost-effective three-dimensional
measuring and modeling (3DMM) software,
high-resolution digital cameras, and high-
performance laptop computers have
revolutionized the CRP process. With these
advances, the photogrammetric process can
be moved from the laboratory environment
into the field, and taken strictly from the
hands of the photogrammetry expert and
moved to the hands of the resource specialist.

ngare 6. A variety of
cameras and plattorms
may be wused to obtain
Z‘/’[e p/’[oz‘ogl‘c;ﬂ/ﬁc
,‘mages wused in close—
range phoz‘ogrammez‘ric
Processing, inc/ad/nj
cameras howused in
unoccupied airborre
vehicles, suspended
below helitenr—Fled
blimps, and mownted
on Zripods. A/ /./»‘7623&5
cere taken at the BLM s
Ked Guleh Dinosacr
Tracksite in tyjomring.
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Close-Range Photogrammetry
Workflow

As with traditional photogrammetry, the
first step in the close-range project work-
flow is establishing project requirements.
These requirements include the area to be
covered, type of ground cover, access to
areas surrounding the subject, weather,
accuracy of the final product, format of the
final product, public visitation at the site,
and others. However, with the relatively
recent availability of reasonably priced,
high-quality digital cameras and 3DMM
software, many of the traditional require-
ments in the photogrammetric process can
be accomplished in nontraditional ways,
providing a high level of flexibility.

An example of the increased flexibility
can be seen in image acquisition. In most
situations, a person who is experienced
with CRP (such as the staff at the NOC),
using a high-resolution commercial digital
single-lens reflex (SLR) camera, can success-
fully capture ground-based photographs
for a variety of projects. Most persons,
following a few simple rules and taking
good-quality photographs, can capture
the images necessary for completing a
successful CRP project. See Appendix C for
more details on taking proper photographs
and camera requirements and settings.

Project Design

Once project requirements have been
determined, the process of project planning
can begin. Accuracy, photographic scale, and
project size are directly related. Typically, the
higher the level of accuracy required, the
larger the scale of photography necessary,
which in turn increases the magnitude of
the job. CRP projects can be placed into
one of two categories. These categories
are small (simple) and large (complex).

Small projects are those for which the area
of interest is equivalent to about 5 m2 or
smaller. This type of project may also be
referred to as extreme close range, as a
high precision of data points is expected.
Although proper planning strengthens
any project, the small terrestrial project
may afford greater flexibility in the plan-
ning process. Project design and image
acquisition for projects of this scope may
be successfully carried out by the resource
specialists in the field. By following a set of
standard operating procedures (Appendix
0), successful completion of the capture

of imagery for an extreme close-range
project may be accomplished.

Large projects are those for which the area
of interest is greater than 5 m2 or where
complexities of terrain or access add to the
level of expertise needed for planning and
execution of the project. Projects that fall
into this category may require a preliminary
site visit or the inspection of overview
photographs taken of the area. A pre-
liminary reconnaissance of the area will
determine if close-range photogrammetry
is the best method for data capture, and if
so, estimate resources necessary to accom-
plish the project. Also at this time, the
data requirements and expectations of the
end user can be discussed. Projects of this
scope are best accomplished by those who
have experience with close-range image
capture and processing.

Sometimes the needed vantage points

to capture imagery may not be present,
necessitating alternatives to ground-based
capture. In these situations, a large ladder,
aerial blimp, UAS, or other type of elevated
platform may be needed. For these reasons,
it is advantageous to contact the pho-
togrammetric specialist for consultation
early in project development to help with
such items as budget, scheduling, site visit
input, and others.
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Photo Layout

Close-range photogrammetric projects
have more latitude in their design and
execution than do traditional aerial projects
because the 3DMM software is more
capable of handling photographs taken

at oblique angles to the subject and in
connecting lines of stereophotos that have
less consistent overlap than conventional
aerial photogrammetry software. None-
theless, knowing the lay of the land in
advance can be critical to project success.
This type of evaluation can be gained
either through an onsite visit (which is
preferable for complex projects) or from
inspection of existing imagery. This imagery
may take the form of snapshots of the
area taken from the ground or existing,
small-scale aerial imagery. It is a good
investment in time and resources to
investigate the existence of digital
orthoimagery, which may be available over
the Internet, or historical, large-format
aerial photography available from agency
collections. Site reconnaissance not only
aids in identifying strategies for capturing
complete stereoscopic coverage of the
subject, but can also be used to identify
obstacles to imagery acquisition. These
obstacles most often take the form of
vegetation, which can obscure points of
view and terrain issues. Terrain obstacles
can range from a lack of an elevated
perspective to perilous drop-offs adjacent
to the subject of interest.

While the formal flight line index map
described previously in the aerial photo-
grammetry section may be bypassed for
simple close-range projects, preplanning
can certainly maximize field time, as it
would calculate the object-to-camera
distances, proper base-to-height ratio,

and size and number of reference targets.
However, flight line planning is advised for
complex projects, especially those using
photographs taken from a light sport
aircraft or UAS. In these instances, a formal
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flight line index map may be required to
convey expectations to the pilot.

Survey Control

“Surveyed” ground control is not needed
for a CRP. During the 3DMM processing,
the camera lens system is calibrated. This
technique elevates the camera from simply
a device for capturing images to a virtual
surveying and data collection instrument.
By placing an object of known length in
the overlap area of stereo models, a very
accurate coordinate system can be created.
However, GPS survey does give the products
an identity as far as projection, coordinates,
and final accuracy are concerned and can
be easily integrated into a CRP project.

Image Acquisition

The increased flexibility provided by CRP
is most completely realized in the image
acquisition. Because many of the rigors
imposed by traditional photogrammetric
processing are removed from CRP, almost
any person who can take good quality
photographs can take the photos necessary
for 3D data processing (see Appendix

A). This can be most successfully realized
when field personnel have undergone
training or thoroughly read this technical
note and have completed their own small
project. For a large CRP project, a person
who is experienced with CRP, such as the
staff at the NOC, can successfully capture
ground-based photographs for a variety
of projects.

When the needed vantage points to
capture stereoscopic imagery cannot be
attained from a ground-based setup, it
will be necessary to investigate more “air-
borne” options. This may include simply
using a ladder or elevated platform to
obtain the needed perspective. However,
when the area to be documented is large
and there is no opportunity for oblique
image collection, it may be necessary to
employ the use of some type of low-level
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aerial system. In such instances, it will
probably be necessary to go through a
commercial provider as is done with
traditional aerial imagery acquisition.

Interpreting the Imagery

The process of extracting data from the
CRP imagery is another area where
increased flexibility is realized compared
to traditional aerial photogrammetry. The
3DMM software can run very efficiently on
most laptop computers. Thus, processing
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of digital images may begin in the field

as soon as the imagery is acquired and
downloaded. This can provide a real time
look at the success of the photography
coverage and provide for near real time
measuring and recording of features. In
addition, the photographs may be taken
by trained field personnel and archived for
later processing in a workstation environ-
ment. The resulting 3D image files can be,
in turn, sent back out to field personnel
for viewing in free viewer software. If
more in-depth analysis is req