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ABSTRACT
Low altitude large scale reconnaissance (LALSR) has grown from a marriage of
engineering design, photo interpretation, radio controlled model aircraft, and photography. It
has the capability of vertical high resolution recording of small areas for analysis. This volume
is an attempt to pull all these disciplines together in such a way as to make LALSR a useful tool
to all who have the need for it. It is not an answer to all reconnaissance problems, just another
tool to use in the field.
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PART [: INTRODUCTION AND BACKGROUND

CHAPTER 1
HISTORY, AND BACKGROUND

Reconnaissance and aerial photographic collection systems have ballooned in their
capabilities since the early 1940s. In fact, in some cases, terms such as scale, image
interpretation keys, image motion, and detail producing capability have all but disappeared
from the reconnaissance vocabulary. Ask interpreters what the scale of the satellite imagery is
and their answer will be, “Whatever scale you want.” Further, they may wonder what scale
has to do with the situation. As far as interpretation keys are concerned, they are now replaced
with “field work and individual area examination with detailed notes.” With regard to satellite
imagery, we hear “there is no image motion.” In detail-producing capability, some of today’s
imagery is measured in pixels and seconds of arc.

Need for such technology started in the 1940s when it was necessary to fly higher than the
enemy could fly. High-quality, long-focal length lenses were manufactured to make objects on
the earth appear closer. Optimum detail-producing capability was about 7 to 12 inches at the
velocity and altitude reachable at that time. Even with today’s new films, this capability has not
changed significantly. Haze, that blue phenomenon caused by the molecular and particulate
scattering of light, has caused and always will cause a problem with recording in some areas of
the visible spectrum. Even today, the only way to eliminate the haze problem is to fly under it.

As image interpreters started in the reconnaissance industry, they were taught to use image
interpretation keys. Today, we as a culture tend to be more visually literate, but there is also
more for interpreters to see and understand besides a fixed set of military targets. One must
almost become a specialist in the field one is photographing. Once again we are fast
approaching the point at which these keys are again essential; and they must be developed by
and for an individual discipline. Does it seem we have gone “full circle™?

The advent of the satellite brought coverage of larger areas of the earth’s surface. The
smallest detail the satellite will produce is the pixel. This size is either 10 or 30 meters square
in size at the earth’s surface depending on which type of satellite imagery is being used. This
imagery is great for looking at plant communities, but not for looking at individual plants and
their growth problems. What about the detail within the pixel?

Our “balloon™ seems to have some flat spots on it along with bulges. Low altitude, large-
scale reconnaissance, along with other image recording approaches yet to be developed, can be
helpful in smoothing it out.

What good is satellite imagery at a scale of 1:400 that will only put 25 pixels on a 12 inch-
square photograph? Have we regressed to the point where we must develop our own image-



interpretation keys, because none are available for our respective discipline? If so, we had
better take and share accutate notes. Can we now say that image motion is equal to the product
of the scan rate and the scan angle? If not, then what good is the imagery? Let us use each
type of imagery where it will be most beneficial: the satellite for large area coverage, NAP
imagery for mapping and midrange coverage, and LALSR imagery for detailed high resolution

coverage.

SCALE, APPARANT SCALE, OR
DETAIL-PRODUCING CAPABILITY?
Earth Surface Resolution
Resolution in inches Time Sensor

7.4 1944 F-5 (P-38)
5.7 1962 U-2
5.3 1987 NAP
389. 1988 SPOT
0.52 1989 LALSR
0.21 1989 LALSR
Figure 1.1

Changes in Resolution as a function of date since 1944

At a time when “‘higher and more sophisticated” seems to be the way of reconnaissance
technology, there is still a need for highly detailed large-scale photographs of small areas.
Brigham Young University has needed this type of imagery for archaeology excavations since
1971. Early efforts to achieve this have included use of cherry pickers, irrigation tube tripods,
and compass-aligned balloons for camera platforms. These procedures were abandoned
because of the elevation limitations of cherry pickers and irrigation tube tripods, and because
the tethered balloons were too subject to wind and weather problems.

In the fall of 1972, 1:1000 scale imagery of the abandoned Knight Smelter in southern
Utah County was requested by both the Departments of Geography and Anthropology. A
tethered balloon with a compass-aligned camera mount (Figure 1.2) was used to give
directionally aligned photographs. The winds against the side and front of the balloon blew it
back into the ground because of the pivot arm effect of the tether line. As a result, this project
was only marginally successful. During September of 1990 when this project was repeated
using low altitude, large-scale reconnaissance (LALSR) aircraft, the results were much more
successtul (Figures 1.3 and 1.4).



Figure 1.2
Knight Smelter Operation

Figure 1.3
Oblique Photograph of Knight Smelter c. 1990




Figure 1.4
Vertical Photograph of Knight Smelter ¢. 1990

During the summer of 1980, Brigham Young University requested large-scale photographs
of the Woodard Mound and Old Goshen Town archaeological digs. As a result, we designed a
differential density sponge and wood camera mount (Figure 1.5), then built and tested it with
an ultralight aircraft (Figure 1.6). The system's weight limitations for the ultralight aircraft
camera pod were set at 8.1 kilograms. Excellent results were obtained using this mount. The
final system weight was only 5.4 kg, including mount, camera gear, and intervalometer. This
weight addition is within the safe flight envelope of most ultralight aircraft. The results of the
first few flights with this mount were excellent, the costs were low, and the results visually
sensational (Figure 1.7). The ultralight flew over both sites at a ground speed of 12 mph (into
a 12 mph headwind) and at an altitude of 400 feet.

During the summer of 1984, we made flights over the Nancy Patterson archaeological ruin
in Montezuma Canyon in southeastern Utah (Figure 1.8) using this same camera mount.
Results were excellent and an uncontrolled mosaic was created from the imagery. Again, costs
were minimal.

Changes in the interpretation of ultralight aircraft usage by the Federal Aviation Agency
(FAA) between 1980 and 1983 prevented people from using ultralight aircraft for
reconnaissance on a regular basis. So in 1984 when the decision to develop a low altitude,
large-scale reconnaissance program was made, use of a remote piloted vehicle (RPV) program
was also discussed as a contingency. During 1985 and 1986 it became even more obvious that
with changes in FAA regulation interpretation and with the additional risk management
constraints, the RPV program would have to become the Brigham Young University

4



Figure 1.5
Camera Mount

Figure 1.6
Ultra-light Aircraft in Flight with Camera on Board




Figure 1.7
Woodard Mound

Figure 1.8
Nancy Patterson Site

approach to LALSR.
At this point, we evaluated the past and determined that thus far we had learned the
following:
1. Low-altitude reconnaissance eliminates haze problems often caused by temperature
inversions.

2. Rotary-wing aircraft are not cost-effective for most university research projects; they
6



have vibration problems, and at low altitudes they create surface problems such as flattened

grass, dust, and surface destruction.

3. Image motion or blur is held to a minimum with minimum velocity of the reconnaissance

vehicle.

4. Vibration of the recording device (camera) is kept at a minimum by use of multiple-

density sponge and wood mounts.

5. Sun angle at low altitudes, even more than other types of reconnaissance, can be used to

enhance detail and surface relief.

When the large-scale imagery program started in 1971, the goal was to obtain large-scale,
motion-free, high-quality images. A basic set of criteria was now established in 1985, based
on our experience, the desired results, and the economic constraints. The economic constraints
were low risk, low impact, and low cost, both in the form of image acquisition and system
maintenance. These criteria were further classified into data-acquisition design (Figure 1.9)
and flight system design (Figure 1.10).

g‘- h?r%e i;ellilte A. Low velocity
» TGN QUaiiny B. Small takeoff and
C. Low altitude landing space
D. Low velocity C. Potrability
E. Low vibration ) T
F. Low risk E. Low vibration
G. Low impact
Figure 1.9 Figure 1.10
Data Acquisition Design System Design

Note that the velocity and vibration criteria are mentioned in both data acquisition and
system design criteria. Velocity and vibration affect image quality. They also affect the ability
of an aircraft to fly since ircraft will not fly below stall speed. Those characteristics required of

an aircraft for slow flight also affect vibration.



CHAPTER 2
DESIGN OF THE DATA AQUISITION SYSTEM

Large-scale imagery is often defined in terms of prevailing environmental conditions and
also through the eyes of the individual needing the imagery. Therefore the first item is to define
the scale of imagery for LALSR. As recorded on film, LALSR varies in scale between 1:6000
and 1:400. With the finished print, this scale will vary from between 1:1700 and 1:20. Scale
is the ratio between image size and object size. This means that for a scale of 1:100, one inch
of length on the photograph equals 100 inches of length of the original target area. Therefore,
optimal LALSR film imagery is here defined as having a scale of between 1:6000 and 1:400),
with capabilities of twenty-diameter (20x) enlargement. These numbers will be further
explained in detail in the sections on image-motion problems and image math. They do
represent the capabilities and limitations of the LALSR system.

A higher quality original image provides greater capabilities for large-scale reproduction.
Images exposed at an altitude of 78 feet with existing equipment have produced twenty-
diameter enlargements, providing a 1:25 scale (Figure 10.2). Today, film and 35mm cameras
that produce this type of imagery are readily available. This scale requirement places the
aircraft two orders of magnitude closer to the ground (i.e., 100 vs. 10,000 feet) than when
conventional large-scale photographs are taken. At this lower altitude, image blur due to the
speed of a conventional aircraft is a major problem. The area visualization comparison is
coverage of a single-unit dwelling, where as previous normal large-scale coverage is village or
large-subdivision size.

Although the cameras currently in use have not been calibrated, they have also provided
images capable of producing one-third foot contour intervals using an H. Del Foster (HDF)
plotter (Figures 2.1, 2.2, and 2.3). With proper surveying techniques, proper programming
with the computer plotter, and a qualified operator, it is possible to achieve good contour
plotted results.

At this point it should be obvious that large-scale imagery is dependent on high quality
images, which in turn are dependent on low altitude, low velocity, and low vibration. Thee
criteria are interdependent and can become a vicious circle when a research program on any one
of the criteria is conducted. A critical examination of each of the criteria is needed individually
to determine where the constraints are.



Figure 2.1
Pueblo Bonito

PLAN VIEW

SCALE
1"=10"
74
PUEBLO BONITO PACKER
CHACO CANYON NM ———n

Figure 2.2
Pueblo Bonito
Contour Plot Produced Using Figure 2.1 as Part of a Stereo Pair







