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PREFACE

In recent years, all three military services have demonstrated many
promising uses of remotely piloted aircraft (or Remotely Piloted Vehicles,
RPVs, as they are commonly called). The technologies required for reliable
real-time remote operation of complex functions have been considerably
advanced by these military programs as well as by the space programs and
Remotely Piloted Research Vehicle (RPRV) programs of the National Autonauties
and Space Administration. I this technology base can be adapted for civil
use in RPVs at an acceptable cost and with proper safety and environmental
impact, a major new field of aeronauvtical applications may very well emerge.

Early investigations of this possibility were done in-house by NASA—
Ames Research Center, and the indications were sufficiently encouraging to
lead to the contracted study by the Lockheed Missiles and Space Company, Inc.
(IMSC), that is reported here. Although this modest study does not resolve
all the unknowns about RPVs in civil applications, the indications continue

0 be encouraging.

Mr., Walter P, Nelms of the Advanced Vehicle Concepts Branch, NASA-

Ames Research Center, was the techmical monitor for the study.

The contents of this Final Report are summarized in NASA CR-137855,
the Summary Report.
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CIVIL 0888 OF
REMOTELY PILOTED ATRCRAFT

Jon R. Aderhold, G. Gordon, and George W, Scott

Research & Development Division, Lockheed Missiles & Space Company, Inc.

SUMMARY

The intent of this study is to identify and assess the technology effort
required to bring the civil uses of RPVs to fruition and to determine whether
aor nét the ﬁotential market is real and ecoﬁomically practical, the technolo-
gies are within reach, the operational problems are manageable, and the bene-
fits are worth the cost. To do so, the economic, technical, and environmental
implications are examined. The time frame for application is 1980-85.

In-depth interviews with more than 60 potential users were made, and’ 35
specific uses are identified and defined, including present methods. Nine of
these'useé are selected as repreéentative; detailed functional and performance
requirements are derived for RPV systems; and conceptual RPV system designs
are devised to meet the requirements in eight of the nine selected uses.

Total system costs of development, purchase, and operation are estimated for
the RPV systems, and cost comparisons are made with competing non-RPV alterna-
tives. The potential market demand for RPV systems is estimated in the uses
for which RPVs show a cost advantage.

Environmental and safety requirements and provisions are examined, and
legal and regulatory concerns are identified. Areas of technology challenge
are also identified, and research and development emphasis is suggested.

A potential demand for 2,000-11,000 RPV systems is estimated. Typical
cost savings of 25-35% compared to non-RPV alternstives are determined. There
appear tc be no envirommental problems, and the safety issue appears manageable,
althoughvcollision avoidance remains the key safety issue. Earliest potential
for a demonstration (in a remote area, with a federal government user ) is about
1980, with full-fledged use by a federal agency by 1982 and by other government
and commercial users by 1985. Government research and incentives will be re-
quired, and spgcific research is recommended, emphasizing safety features and

other areas not likely to be cévered adequately in military RPV development
programs. ’

E 1S
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TNTRCDUCTTON

The intent of this study is to identify and assess the technology efiort
required to bring the eivlil uses of RPVs to fruition and to determine whether
or not the potenfial market is real and economically practical, the technol-
ogies are within reach, the operational problems are manageable, and the
benefits are worth the cost. To do so, the economic, technical, and environ-
mental implications are examined. Breadth, rather than depth, of coverage is
emphasized. The time frame for the application is 1980-85.

The study addresses the following four objectives:

o Tdentify and describe the potential civil markets for RPVs,
and indicate where they may have their earliest civil appli-
cations.

o Assess the benefits and cost of using RPVs in civil appli-
cations, and compare their effectiveness with conventional
or established methods.

o Identify likely candidate vehicle and system concepts and the
technology required to satisfy a major portion of these markets.

o Assess the influence of safety requirements and environmental
effects on fubure civil RPV systems.

There are two classes of potential RPV use that are omitted from the
study. The first is the high-altitude, broad-area monitoring and mapping job
presently being done with LAND SAT'satellites gnd U-2 aircraft. This use is
relatively mature and its bechnologies are already rather well known. The
second is the RPRV intended to simulate a specific advanced aircraft configur-
ation and obtain aerodynamic data historically obtained iIn manned flight tests.
Again, the technologies are already belng pursued vigorously and have already
produced valuable results (Reference 1).

IMSC devotes principle attention in this study to federal (non-military)

and state .government agencies-as potential civil users of RPVs, while also

2



including an appropriate sample of industrial users from the private sector.
The original reasons for this emphasis, which were confirmed in the course of
the market survey, are as follows:
o The private sector market tends to shy away from new "aerospace"
systems' development riéks and waits until a government agency
has sponsored the.development and initial acguisition. This
suggests that the entry of RPVs into the private sector is
conditionedcn1priof development by government agencies.
0 The broad set of federal and state agencies who might use RPVs
is already very conducive to formulation of a large "market”
base.
o The private sector and government agencieés need equipment rugged
enough and safe enough to operate for many years in‘severe
weather, dust, vibration, heat, and rough handling. The pri-
vate sector will want warranties of performance and service-
ability in these tough enviromnments, and these will not évolve
easily for RPVs unless federal goverhment agencies have firsf
been lnvolved heavily in the research and development which

provides rugged and serviceable equipment.



APPROACH

Overview

Thé first activity of the study is a market survey—a series of dis-
cussions with potential users and others which produced descriptions of the
potential uses and alternative (non-RPV) systems presently used, if any.

The survey also determined the users' reactions, preferences, detailed .re-
gquirements, and estimates of the potential demand in the various uses.
Thirtyafive uses are defined, from which nine are selected for detailed
examination. Quantitative functional requirements are then developed for
each selected use. - ; B .

RPV system concepts are devised to satisfy each set of funetional
requirements, and the cost of doing each job with an RPV:system is estimated.
The comparable cost of doing each job with present or pobential non-RFV means
is also estimated, and the two compared. Legal and regulatory concerns
raised by the peculiarities of RPV systems are identified and noted, but do
not limit the consideration of RPVs for any potential use. ' ' .

Means are devised for inmbtegrating RFVs into each market for which RFVs
show a promising cost advantage. The cost-benefit comparisons are used'éo‘
identify the most promising useé and estimate the market share that RPVs
might capture. An accurate estimate of the total RPV market is not attempted.
OQur.goal is to see if there is enough pobtential demand to Justify the continu-
ued interest of industyy and the NASA in RPVs for eciwvil uses.

Technology areas are identified im which research and development are
needed in order to bring the civil use of RPVs to fruition, and development
objectives and activities are suggested. Figure 1 shows the relationships of
the study tasks and subtasks to each other.
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Market and Cost-Benefit Analysis

Survey of potential users. - IMSC personnel held direct personal discus-

sions with representatives of 45 government agencies; non-profit associations,
and commercial firms represerbing a spectrum of potential uses for RPVs. The
discussions were structured interviews, using an extensive checklist to be
sure that all pertinent subjects were covered with each potential user. In-
formation was acquired about current operations and methods, operating envir-
onments, and business and financial practices. Follow-up letters and tele-
phone calls filled in missing information.

From these interviews, thirty-five specific uses are identified and
defined by a narrative descripbion of the operation, present methods used and
their costs, shorbtcomings of present methods, desirable features or capabili-
ties, and some estimate of scope, such as square miles patrolled, frequency of
coverage, ete.

Selection of representative uses. - From the 35 uses defined, nine are

selected for further analysis. The criteria for selection include market
potential and likelihood of early application, but the uses are also seleéted
to represent a specturm of RPV system requirements—size, speed, endurance,
altitude, number in the air at once, payload weight, precision of control, ete.
Six of the nine uses are each representative of several other uses, and the
other three are chosen for their peculiar design challenges.

Cost of slternatives to RPVs. - The costs of alternative, non-RPV systems

for doing each of the nine selected uses are determined, for later comparison
with RPV system costs. Particular care is taken to place RPVs and alternatives
on the same cost basis by making consistent assumptions about sunk costs,
depreciation, amortization of development costs, operator training, ete.
However, due to limitations of time and money, IMSC did not optimize present
non-RPV systems or cost potential improvements they might make in response %o

competition from RPVs.



Cost-benefit comparisons. - .The cost-benefit comparisons copnsist of two

parts. The first is a comparison of the total costs to the user to perform
the mission in each of the nine uses, using RPVs and non-RPV alternatives.
The gecond is a supplemental assessment of the non-cost-related advantages of
RPVs and of the alternatives. No attempt is made to make these advantages
commensurable with the dollar costs.

The cpst-benefit comparisons identify the'kinds-of civil uses for which
RPV systeﬁs show promise. The represenbative nature of the nine selected uses
allows conclusions %o be drawn about missions and uses beyond those that were

analyzed in detail.

Market integration and shares. Means for integrating RPVs into eivil

markets are examined, based on information obtained in the market survey—
information on-customary lease-or-buy practices, financing arrangements,
warranty and service expectations, licensing, and insurability, etc. Steps
are suggested for getting RPV technology to the "deliverable" stage and for
bringing a technology delivery system into being to perform the four fune-

tions of R&D, manufactﬁring, distribution, and financing.

The total scope of actiﬁity in the nine selected uses is estimated, and
the share that might reasonably be captured by RI'Vs 1s assessed for the uses
in which RPVs promise cost advantages. The potenfial demand for RPV systems
is extrapolated by analogy over the 35 defined uses. The result is not pre-
sented as an accurate total potential, but is an indication that the civil use

of RPVs is promising enough %o warrant continued attention.

Conceptual Design and Technology Assessment

Defining requirements. - Detailed, quantitative functional and perform-

ance requirements are derived for RPV systems in each of the nine selected
uses., A mission analysis is done for each of the nine uses, and mission
sequences of events developed. The functions required to perform each mission

are determined.



The mission requirements that were determined in the user interviews are
translated into overall system performance requirements, and combinations of
"reggonable" subsystem capabilities that meet those requirements are.found.
These are taken as provisional gubsystem performance requirements against

which to develop conceptual designs.

RPV system tradeoffs. -~ With the functional and performance requirements

esbablished, the usual iterative process of conceptual design is followed.
Tikely combinations of subsystem types were selected and their performance
traded off against each other to arrive at RPV systems. As the conceptual
designs progressed, tradeoffs frequently were made among subsystem require-
ments to meet the system reguirements at a lower cost or within more con-
servative technology.

The RPV systems are believed to be well enough suited to the uses that
cost comparisons can be made with non-RPV aglternatives withouE doing an
injustice to RPVs. To pursue seriously any of the RPV concepts ip an actual
use would call for a much more thorough itradeoff analysis to achieve a

suitable design.

RPV system cost analyses. - RPV gystem cost analyses are used in two ways.

One is to identify system elements that influence system cost most strongly
and thus guide the conceptual designs. The other is %o provide cost estimates
for comparison with non-RPV alternatives. For this latter purpose, the tofal
life-cycle cost to the user of a complete RPV system is estimated, including
development costs and all acquisition and operation costs.

Technology assessment. - In addition to a more formal survey of the

state-of-the-art in selected key technologies (reported in Appendix F), the
conceptual-design process has continuously drawn upon IMSC's regular ccntacts
with the suppliers of RPV components as well as the on-going technology
activities and contractual RPV development pregrams at IMBC. Thus, the most
up-to-date projections of weights, volumes, costs, and performance capabilities
are reflected throughout the conceptual designs.

Documenting conceptual systems. - Conceptual designs of RPV systems are

developed for eight of the nine selected uses. (No suitable RPV concept was

found for the remaining one.) Each of these systems is described in drawings,



sketches, and tabular information showing general arrangemenﬁs, operating
concepts, and subsystem capg?ilities.and characteristics. The purpose is not
to provide a basis for more detailed design, but o giféﬁa clear idea oflthe
kinds of RPV systems that could be configured to do the various jobs within
the projected state of technology.

Environmental and Safety Studies

Environmental requirements. - The environmental requirements that apply

to light aircraft are expected to also apply to RPVs in similar operations.
Noise and emission standards are identified, and it is determined that RPVs
will have little or no difficulty complying. In special operations at low
altitudes over populated areas, muffling and other sound-suppression measures
are incorporated into the design.

Safety studies. - The areas of concern about RFPV safety are identified,

and a2 number of possible design provisions are suggested. Several are incor-
porated into the conceptual designs, and-the effects of ofthers on design and
performance are assessed. The related subject of insurability is discussed
in the context of what design, operational, and programmatic features will
enhance safety and, thus, insurability.

Legal and regulatory concerns. - New regulations will have to be devel-

oped for RPVs. Some of the principles that will be considered by the Federal
Aviation Agency in developing these regulations are identified and discussed,
along with some logical steps to build public acceptance. The process of

certification 1s described.

Defining Critical Ressarch Aress

The preliminary-design tradeoffs from the conceptual design activity
identify the features that promise the greatest gaing in RPV system perform-

ance or reduction in cost; the environmental and safety studies highlight the

ORIGINAL PAGE IS 9
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needs in these two areas; and the assessment of the state-of-the-art deter-
mines how well present technology can realize the promise and satisfy the

needs. Where present technology is found to fall short iﬁ an important way,
an ares of needed research exists. These areas are discussed, and develop-

ment objectives and activities are suggested.
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- RESULTS

Market Survey

The first phase of the study was a market survey of potential users to
identify promising uses, determine mission requirements and desirable
features, obtain costs of competitive methods, and assess the size of the
potential market. A detailed checklist of needed data was developed and
briefing aids for explaining RPVs to potential users prepared. A detailed
survey procedure and interview format were rehearsed and field tested, as
deseribed in Appendix A.

Forty-five face-to-face interviews were conducted with potential. user
agencies and organizations and another 15 interviews were held by telephone.
The face-to-face interviews aversged 1-1/2 to 2 hours, and often involved
several individuals from the user organization. Principal attention was
given to federal (non-DoD), state, and local government agencies, but a con-
siderable sample of industrial users were also included. Mogt interviews of
potential users were productive in developing information on operations and
mission resquirements and on present methods and costs. However, we found
that individual users seldom have the data needed to asses market size. For’
those data, it was necessary to turn to government agencies and industry
associabions that collect nationwide statistics., The agencies interviewed
are also listed in Appendix A.

The list of 35 potential users that were defined in this survey is cer-
tainly not exhaustive. However, it doés include many of the civil useg of
RPVs that come readily to mind, and it appears to be representative enough to

see if the potential demand justifies R&D of RPV technology for civil uses.

. Potential uses defined.. - The more-than-sixty interviews, plus olner

less intensive conté@ps, resulted in 35 specific potential civil uses being
L
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defined for RPVs. With one or two exceptions, these were found to fall into
patural groupings of missions that place similaxr performance demands on an
RPV system. Table 1 shows the 35 uses, listed in their natural groupings.
Many of the uses are self-explanatory, but perhaps a word or two about each
will give a betteridea of the potential market that was surveyed.

Referring to Table 1, under "small area surveillance': Security of high-
value property consists of aerial surveillance to look for theft, fire, or
other emergencies in progress in a small area such as a railroad yard; ware-
house district, or industrial complex. Surface mining operations are
monitored for land-reclamation compliance, pollution of streams, fires in
waste materials, ground subsidence near structures, etc. Aerial obsexvation
is used during an oil-spill cleanup to direct the placement of boats, skim-
mers, and containment booms because oil slicks cannot be seen well at a ‘
distance from near the surface. Wildfire mapping consists of flying over a
wildfirve during firefighting operations and furnishing information about hot
spots and the dynamics of its perimeter so that suppression crews and equip-
ment can be deployed efficiently. The mission of ice-floe scouting would pro-
vide aerial observation to help an icebreaker find the best path through the
ice. Spray-block marking involves directing aerial spraying of blocks of
timber land. The spray aircraft at_treetop level would be directed by refer-
ence to a television image from a rotary-wing RPV hovering above the desired
spray block and maintaining geographic reference. The purpose of ground-truth
verification is to obtain high-resolution aerial photographs of precisely
located areas on the ground. The photographs are correlated with data from
the TANDSAT satellite to allow interprebation of LANDSAT data on natural
resources.

Under "large-area surveillance": The visual "search" portion of a search-
and-rescue operation might well be done by an RPV system augmenting manﬁéd
systems, especially at sea where a lifeboat or floating wreckage offers good
contrast against the background. Aerial detection of wildfires consists of
flying over large areas of forest, brush, or grasslands with infrared (IR}
sensors to detect and locate small, latent-stage fires such as those started
by lightning. Federal, state, and local agencies conduct aerial law enforce-

ment operations to provide traffic advisories, to assist ground wnits in
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0 Small-area surveillance

Security of high-value property
Surface-nmine patrol

0il-spill clean-up direction
Wildfire mapping

Ice-floe scouting

Spray block marking and.tracking

Ground truth verification

o} Targe~area surveillance

XITTVOD 004 JC
ST WOV TVNIDI¥0

Search (and rescue)
Wildfire detection
Fishing Law enforcement
0il-spill detection

Tce mapping

Fish spotting

aw Enforcement

Surface resource survey

© Iinear patrol

TABLE
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Pipeline
Highway
Border
Power line

Waterway and shoreline pclliution
detection

Aerial spraying

- Agriculture

- Wilderness-

- Wildfire fighting
Communications relay
- Ad hoc

- qumanent
Atmospheric sampling
- Storﬁ research

- Meteocrology

- Mapping pollutants

Monitoring ground sensors

~ Detecting activities

- Monitoring cathodic protection of pipelineé
- Fmergency rescue beacons

Aircraft research

- Aerodynamic testing (e.g., transition)

- Remote measurements

Alr-to-Adlr surveillance

Security of nuclear materials in transit

1. / POTENTIAL USES DEFINED



identifying and preventing criminal acts, to direct ground units to intercept
fleeing suspects, as well as to conduct search and rescue missions. Surveys
of surface resources are made by aerial photography and by airborne instru-
ments such as magnetometers. Fishing law enforcement by aerial observation

is concerned with detecting illegal fishing by foreign ships in U.S.-regulated
waters. Present methods may need to be augmented if the present 12-mile 1limit
is extended to 200 miles. Oil spills at sea along coastal shipping lanes or
from unattended offshore pumping stations may require aerial patrol for
timely detection and correction. Winter shipping on the Great Lakes is’ aided
by airborne radar imagery of ice area boundaries and ice thickness. The pur-
pose of fish spotting is to find and identify schools of fish in the ocean
and direct commercial fishing boats to them.

Under "linear pabrol”: Gas and oil pipelines are patrolled to detect
and report leaks and potential hazards to the pipeline such as agricultural
or -construction work nearby. Highways are patrolled from the air o locate
accidents, motorists in trouble, wanted vehicles, and unsafe road conditions.
U.S. borders are patrolled to detect illegal border crossings. Power line
patrols look for broken insulators, structural problems such as erosion
around towers, and hot spots such as overheated transformers. Streans,
rivers, lakes, and coastlines are patrolled to detect industrial waste dis-
charges and thermal pollution from power plants, as well as other sources of
pollution.

Under "aerial spraying': Agricultural and wilderness spraying is done
for the control of pests and disease. Aerial wildfire fighting is deone by
dropping fire retardant on the fire.

Aerial communications relay seems self-explanatory. /

Under "atmospheric sampling": BExtensive research and aerial monitoring
of severe storms (thunderstorms, hurricanes, and torpados) are condudted by
the U,3, National Weather Service to analyze storm formation and provide fore-
casts of storm activity. Although storm research is certainly "meteorology”,
the mission considered here under that name is the more mundane gathering of
data such as some of that presently gathered by weather balloons. Pollutant
mapping is the sampling and mapping of the spatial distribution of pcllutants
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and the inversion layer over an air basin, so that smog alerts can be issued,
trash burning authorized, etc. )
Under "monitoring ground sensors": Remote unmanned intrusion detectors
are used to detect illegal border crossings, tekeoffs and landings from sus-
pected smuggling airstrips, etc. These detectors can be monitored from the
air. Cathodic protection systems that prevent electrolytic corrosion of pipe-
lines are set up to show a semaphore signal when they malfunction. These
semaphore signals are monitored visually during ordinary pipeline vatrols,
Emergency resuce beacons from downed aircraft could be monitored by RPVs, and
search and rescue operations directed to the area where the signals come from.
Under the last three headings: Aircraft research is already being dcne
with RPVs—both direct subscale testing of aerodynamic concepts and indireet
measurements of such things as wingbip vortices and engine emissions. The
mission of air-to-air surveillance and tracking involves identifying and
following aircraft that illegally cross the border in smuggling operations.
The security of nuclear materials in transit from reprocessing plants to
nuclear power-generating plants could include continuous aerial surveillance
of transport trucks or, perhaps, an RPV that would be launched from the bruck

when danger is perceived.

Selection of representative uses. - This has been a very brief sketch of

the thirty-five uses defined in the market survey. From the ligt of thirty-
five, nine were selected for further, more detailed;study. The basis for
selection included early judgements about potential demand, likelihood of
early application, and the quality of data available for analysis. The uses
were also selected to represent a spectrum of RPV-system requirements - size,
speed, endurance, altitude, complexity, payload weight, etc. The nine useé
selected are: _ -
o Bmall-grea surveillance
1. security of high-value property
2. wildfire mapping
o large-ares surveillance
3. wildfire detection

Y, fishing-law enforcement
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o Linear patrol

5. highway patrol
6. pipeline patrol

o Aerial spraying

7. aéricultural spraying and crop dusting
o Atmospheric sampling

8. storm research

9. meteorology

Description of present methods. - Appendix B contains a description of

each of the 35 defined uses, including present methods, their shortcomings
and flaws, desired features of an ideal method, and indications of the scope
"of the activity. Some of that information describing the activity and present

methods is summarized here for the nine uses selected above.

" Security of high-value property: The kind of security operation
envisioned would involve two types of activity: a) periodie aerial patrcl of
the completé.area to look for theft, fire, or other emergencies in progress,
and b) on-call aerial response to investigate guspected emergencies reported
by other means. When an emergency Or a susplcious activity is detected, the
patrol aircraft would remain over the location of the activity, take a closer
look, and maintain surveillance while ground units are sent to the scene. If
the suspicious activity involves an apparent crime, the patrol aircraft would
follow any suspect escaping on foot or in a vehicle and direct ground units to
intercept him.

Some general aerial security patrol is done by police departments using
manned aircraft. However, most security patrol of relatively small high-value
properties, e.g., railroad yards and refineries, is done on foot or in ground
vehicles. In some cases, stationary TV cameras are used for continuous sur-
veillance, both indoors and outdoors. Manned-aircraft security patrol is
expensive and noisy. Helicopter patrol has been tried by at least two major
railroad yards and abandoned becguse of thoge shortcomings. Stationary TV

cameras are suitable for some applications, but are inflexible.
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Wildfire mapping: The mission of wildfire mapping consigts of flying
over s wildfire and furnishing the characteristics of the Tire to fire-conirol
officers at periodic intervals and in enough detail to allow timely decisions
to be mede about the use of suppression resources. During control operations,
these decisions are based on the dynamic characteristics of the fire perimeter
and its relationship to fuels, weather, topography, values threatened, and
the availability of suppression forces. During the mop-up, after the fire is
controlled, decisions are based on the identification and location of latent
hot spots such as smouldering roots and logs.

‘Wildfire mapping is presently done from manned aireraft, using both
infrared (IR) sensors and visual observation. IR sensors are preferable be-
cause they detect small "spot" fires more readily than visual observation.
Manned aircraft are costly to operate, and the hard-copy imagery of the fire
produced by present IR equipment is produced aboard the aircraft. There is a
delay in delivering the imagery physically to the main fire camp for photo-
interpretation and use.

Wildfire detection: The mission of aerial wildfire detection consists
of flying over iarge areas of forest, brush, or grasslands, detecting small,
latent-stage fires, and debermining their locations with enough precision to
dispateh éround units to control them. The main idea is to locate fires
started by lightning storms before the fires can spread. The aerial detection
system would be based at a location central to the protected region and would
fly missions over areas of the region that have experienced lightning storms.
This mission would be flown as soon after the storm as the clouds have
cleared, usually a very few hours after the lightning activity.

. The aerisl detection system is not responsible for locating storms,
selecting areas for overflight, or suppressing the fires. These acbivities
are already provided_for. ' ~

Aerial wildfire detection is presently done from manned aircraft, using
both infrared (IR) sensors and visual observation., IR sensors are preferable
because they detect small "spot" fires more readily than visual observation,
especially when there is 1little smoke. The major shortcoming of present

metﬁods is their relative costliness.
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Fishing-law enforcement: FPishimg-law enforcement by aerial observation
and investigation is concerned with detecting illegal fishing in‘U.S. regu-
lated coastal waters. It is envisioned that RPV systems would supplement the
Coast Guard's surface ships and manned aircraft patrols by performing the
routine large-area surveillance for detection, location, and identification
of fishing fleets and large fishing vessels. The manned aircraft or surface
ships would then spot check at appropriate intervals by close inspection to
determine the preciée location of fishing vessels.

The location of foreign fishing fleets and vessels are monitored now by
manned-aircraft patrols and surface vessels. Present methods are adequate for
observation and enforcement with the present 12-mile limit. The possible use
of RPV (remotely piloted vehicle) systems for such observation will become of’
-interest if international conventions extend the limits of regulation ffom )
.the presently recognized (by the U.S.) 12-mile limit to a 200-mile limit,
_since the resulting, sudden 16-fold increase in a?ea to be reéulated will tax
the capacity of the U.S. Coast Guard severely. N

Highway patrol: The mission is to patrol remote stretches of highways to
locate accidents, motorists in trouble, stolen or wanbed vehicles, and unsafe
road conditions such as landslides, flooded stretches, or washouts. Upon dis-
covery of any of the above items, the information is provided to a dispatcher
who directs ground units to take appropriate action.

A number of states patrol heavily travelled highways with manned aircraft,
and all states patrol with automobiles. Many stretches of highway are foo
remote or too lightly travelled to justify the expense of regular patrol ﬁy
manned aircraft. It is on these very stretches that motorists in trouble,
accidents, and unsafe road conditions tend to remain undiscovered for the
longest time. ]

Pipeline patrol: Gas and oil pipelines are patrolled to detect~and
report leaks and potential hazards to the pipeline. Leaks are indicated by
stains, changes in vegetation, dead wild 1life, gas plumes, etc. FPrimary
hazards are-construction and agricultural activities near the buried pipe and
excessive soil erosion where the pipe crosses streams and gullies Another
item to be observed is the position of the semaphore indicators that signal a

malfunction of the cathodic protection system that protects the pipe against
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corrosion. When any of these observables indicates a potential problem,
ground personnel are dispatched to prevent or correct the problem.

Pipelines are patrolled on foot, on horseback, and in ground vehicles,
but the most common method is by a single pilot-observer in a single-engine
fixed-wing light aircraft. Present methods are satisfactory, but typically
cost $0.30-0.38 per line-mile patrolled. )

Agricultural spraying and crop dusting: - Chemical treatment of orchards
and crops, forests, grasslands, and ornamental growth is performed for a
number of reasons: pest and weed control, disease prevention, application of
fertilizers and feeds, and mosquito control. The basic vequirement is to dis-
tribute precisely determined guantities of active chemical uniformiy over a
given area on the ground. Normally this active maberial is dilubed with
water, and quantities like 10 to 20 gallons per acre {95-190 L per hectare)
are dispensed. However, products labeled as Ultra Low Volume (ULV) chemicals
are eméfging which canh be used nearly undilubted in quantities of fractions of
pounds per acre (1-2 1 per hectare), . -

M though some spraying is performed on the ground using equipment mounted
on ground wvehicles, the majority of the spraying is from the air using mostly
fixed-wing alrcraft designed especially for that purpose. BSome modified heli-
copbers are also used. Present methods are generally satisfactéry, but are
costly and dangerous to the pilots of the manned airecraft.

Storm research: The U.S. National Weather Service conducts extensive
research monitoring and taking measurements of severe storms (thunderstormg,
hurricanes, and tornados). The purpose is to aralyze storm formation and
devglopment in order to provide forecasts of storm activity. Two separate
missions are envisioned for RPVs. They are: measurements of meteorological
data outside the storm cloud at low altitude, including observation in the
vicinity of tornado vortices, and high-altitude monitoring of the growth and
decay of thunderstorms.

In addition to storm-watch stations, radar, and instrumented weather
balloens, aircraft are currently employed to obftain cbservatlon of wind,
temperature, pressure and humidity. in the immediate vicinity of tornado

vortices and thunderstorms. Manned aircrafi, such as the P-100, FuC,
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Queen Air, U-2 and the RV-57F are used. Over ten years ago drones were tried.
However, radio control proved to be unreliable, presumably because of atmos-
pheric electrical activity. Gathering storm data by manned aircraft is
uncomfortable and hazardous due 1o the extreme turbulence in the yicinity of
severe storms. .

Meteorology: The use envisioned here is the routine gathering of daily
weather data, as conducted by scores of weather stations across the U.S. and
around the world.

Weathér balloons are presently used to gather this information. They
are tracked visually or by radar. In most applications, they carry radiosonde
instruments aloft, although some are simply tracked to determine wind con-
ditions. Weather balloons are not recovered, and a high percentage of the
instrumentation packages are lost. These losses amount to a substantial
annual cost.

Tn the next section, the funcibional and performance requirements for RPV
systems in each of these nine uses serve as the gtarting point for concéptual

gystem designs.
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Conceptual System Designs

The conceptual desigps of RPV systems to satisfy eighﬁ of the nine-
selected uses are presented in this section. They are based on the function-
al and performance requirements spelled out in detail in Appendix C. Wo
satisfactory RPV concept was discovered for the ninth use,

In the course of the RPV system tradeoffs leading to the conceptual
system designs, .a cont;nuing process of technology assessment has been con-
ducted, drawing. on LMSC's regular dealings with developers and suppliers of )
RPV equipment and components and on the in-house developments at- LMSC, Thé
weights, volumes, and performarnce capabilities shown in the conceptual
designs~ and the costs used in the cost-benefit comparisons-~ reflect that
on-going assessment. Appendix F pulls a number of the more interesting parts

of that assessment together in one place for convenient reference,

Ajir vehicle design rationaleg, =~ For each mission, an RPV-or two, if a

relay is necessary~is designed to sapisfy the functional and performance
requirements described in Appendix C. The required mission payload équipment
was first defined and its weight and volume determined. Then other airborne
equipment necessary for data link, navigation, air traffic control, and
collision avoidance was determined, along with its weight and volume, These -
comprised the payload that the air vehicle had to be designed to carry. The
range spped, altitude, and other requirements were then used to size the RPVs,
Table 2 presents the resulting weights of the RPVs.

The aerodynamic drag estimates used for performance calculations reflect’
the relatively simple configurations chosen and the rough surface conditions
to be expected on vehicles used in day-to-~day business operations,

Data and control link design rationale. - The starting point for the

design of each data and control link is the range over ﬁhich it must operate,
as determined by. the geometry of each mission. These gecmetries are described
in Appendix C and summarized in Figure 2, The second determinant is the data
rate (in Hertz) and data quality in (signal~to-noise ratio (SNR)) to be pro-
vided, as determined by the information to be transmitted in each direction,
This, too, is determined by the mission, Beginning with these requirements

and a chosen frequency, a link analysis provides transmitter powers, antenna
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gains, receiver noise figures, and bandwidths for proper operation. The size,
welght, cost, and electrical-power requirements of equipment with theses char-
acteristice are then estimated and used in the conéeptual system designs and
the system costing. Appendix G discusses the link analysis and gives the
resulting operating characteristics for the links.

Ground station rationale. - Design tradeoffs and calculations of equip-

ment performancebwere not performed for the ground station to, the same extent
as for the RPVs and the data-link eguipmerit, despite the large contribubtion
of the ground station to the system cost. The reason is that the primary
technical challenges and unknowns were felt to lie in the RPV and the data
link., The functions to be performed and the features to be prbvided by the
grovnd station in each mission were determined, an@ the cost of ééuipment to
satisfy the needs was estimabed by analogy with equipment used in existing
RPV ground stations. The costs of racks, cabling, cabinets, control panels,‘
dials, general displays, and miscellaneous ground support equipment were all
included, but the specifics of the designs were not analyzed. Table 3
summarizes some of the main features of the ground stations for The various
missions. °

The ingredieunts of an RPV system concept. —An RPV system conceptual

design must deal with more than the air vehicle and the data link. The
following elements of an RPV system are addressed for each conceph. '
o Concept of Operations
o Mission Fayload
o Air Vehicle
o Ground Station
-  Ground Control
- Launch and Recovery
- Checkout

- Service, Support, and Maintenance

e}

Data and Control Link
o Navigation Scheme
0 Safety Provisions
o Training apd FroceQures
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GROUND STATION 1. SECHRITY O é. WILDFIRE 3. WILDPIRE 'R PISHING-LAH 5. HIGHWAY 6. PIPELiNE 7. AGRIGULTURAL 8, SEVERE-STORM
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Antenna Autotruck Autatrack Aulotrock Autotrack Autotrack Autotrack Autotrack Autolrack
{fho-Thota) (mo-Tneta) (mo-Theta} {Rho~Theta)
TV Munitor " Yoa You tas Yos Yaa Yan Yoo Yoa
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IR Prageagor - las Yon —_— - -_ - -
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budlding trailer bullding bead 1ddng bidlding bud 1ding
Primary Powsr Conmp reiul Gonorutor Comcoretal Coumpreial Commarclal Comicsrelol Ganorator Gonorator
Emergoncy Power Patterlon Dattorles GunarabLor Gonorator Gonerator Copprator Batlerliap Batterien
Portability He lruck or Yo ' No Ho Ho Truck or Van and WPV
truilor trailsr troilor
- [

Table 3 ; Ground Control Station klements
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A congiderable amount of thought was given to trying to come up with
equipment designs for the various uses with as much commonality as possible.

+ was Found that a few basic designs, with modifications and variations,
could serve most of the uses., This is encouraging, since'it means that the
needed RPV technology developments will have wide application rather than
being narrowly specialized.

In the sections that follow, each system concept is described separately,
in a format that uses The system elements above as main headings.

Mission: 1. Security of high-value property. - Concept of operation:

The RPV system performs regular aerial patrol over a small area to look for
pilferage, fire, or other emergencies in progress, operating during the hours
of darkness. It carries an electro-optical sensor and transmits a real-time
image of the scene below to an operator‘at a ground control station located
in or near the gecurity-guard &ispafch office. When an emergency or & sus-
picious activity is detected, the RPV remains over the location, takes a
closer lock by optically magnifying the suspicious scene, and.maintains sur-
veillance of it while ground units are sent %o the scene. If desired, the
RPV can illuminate the scene with a épotlight and/or relay commuﬁications to
people below via a louispeaker. -

4 system includes two RPVs and one ground station, with a single, full-
time operator. Only one RPV is alrborne at any one time. Aerial sufyéillance
is maintained for a total of eight hours between 6 pm and 6 am evefy day, 365
days per year. The system is aubomated, so that the operator does not havé
to £1ly the RPV direc%ly. Routine patrol faths are preprogrammed, and an
autopilot flies the RPV. Thé operator may override the preprogrammed flight
path by commanding different heading, speed, or altitude. The operator may
also control the sensor pointing and field of view, may turn the spotlight on
or off, and may speak through the airborne loydspeaker. The spotlight is
boresighted and gimballed with the- sensor. -~

Routine operating altitude is 800 £t (245 m) AGL (above ground level),
with the ability to descend lower for a closer look if desired. The RPV
remaing at an altifude sufficient to maintain the line-of-sight data-link

with the ground station antenna.



Mission payload: The mission payload consists of a low-light-level
television (LLLTV) camera, a spotlight, and a loudspeaker. The camera has
pan and tilt capability and three fields of view, or magniFications. Pan,
tilt, and field of view are controlled remotely in flight by the operator.

The spotlight is boresignted with the camera ard always illuminates the center
of the scene viewed.

The camera is a two-stage image-inbensified vidicon camera. The weight
of the camera, lens system, gimbals, controls, spotlight, and loudspeaker
total 22 1b (10 kg). .

Air vehicle: The air vehicle is a helicopter RFV weighing 165 1b (75 kg)
at takeoff and having the physical and performance characteristics shown in
Figure 3 . (Note that the payload weights shown on the Figures
include ﬁavigation, data link, and ‘ATC transponders in addition to the mission
payload.)

The rotor is large with a low disc loading of 1.17 lb/ft2 (5.7 kg/m?) and
a low tip speed of 500 ft/sec (152 m/sec) to reduce rotor noise and to mini-
mize required engine power. A single 2-bladed rigid rotor has been selected
for simplicity. The three-bladed tail rotor was selected to minimize noise
and avoid resonance with the main rotor vibration modes. A 20% loss of
eﬁgine power due to extensive muffling was estimated, 15% of available power
was estimated to be expended in tail-rotor power and ccoling losses-aﬁd a
one-horsepower (746 W) electrical generation load was assumed. The resulting
engine size to hover out of ground effect at 6000 £t (1830 m) is 18 horsepower
(13.4 XW) at sea level. Current technology suggests that a two—cyeie, two-
cylinder engine could be provided within an installed propulsion welight of 30
1b (13.6 kg) including the fuel system and muffler.

'This.vehicle is tailbred for low-altitude, low-speed flight with no con-
cern for high altitude operations. Hover at 6000 £t (1830 m) above sea level
is possible, thereby allowing operation in all major U.S. cities including ™
Denver, Colorado. Optimum cruise speed is 40 mph (18 m/sec) which permits

covarage of relatively large areas in a short period of time.

No major technology risks ars envisioned .except for the developmeat of a
Satisfactory miniature stability augmentation system (843). The use of a
rigid rotor will do much 5o simplify the SAS. ‘
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ROTOR DIAMETER k.am (13.4') CRUISE SFEED 65 Kmh (40 oph)
DISC LOADING 5. Thaf 2 {1.1%7psf)} CRUISE ENDURANCE 1.3 br
SOLIDITY (o ) 0.0k CRUESE ALMTIDE 800 AGL
CT. Jo- 0.049 SEA IEVEL RATE OF CLIMB 370n/min . (1200 fpm)
POWER 16 Brp HOVER CEILING (CGE) 1800m (6000
TAKEOFF WEIGHT * 75 kg (165 lh; CRUISE CEILING 3000m (10,000’
FUEL WEIGHT 7.3kg (16 1b ROTOR TIP SPEED 152afsec (500 f£ps)
PAYLOAD WEIGHT 12,7 (28 1b) ROTOR SPEED T13*rpn

FIGURE 3 RPV For Mission 1, Security of High-Value Property
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Ground station: The ground control is by a single full-time operator at
a console in an existing building. Only one RPV is in the air to be con-
trolled at any one time. The location of the RFV is displayed continuousiy
(on an X-Y plotter), as is the real-time image from the RPV's LLLTV. RFV
speed, altitude, remaining fuel, and other operating data are also displayed.
Commercial power is used, with an emergency battery power supply to land the
RPV in case of power failure. Iaunch and recovery are by vertical takeoff and
landing on a dedicated helipad near the guard building. Routine checkout and
gervicing is done by the single operator. Maintenance is obtained from a
contractor who provides his own facilities. The RPV is transported to the
shop for maintenance on a small wbility trailer with tie-down provisions.

Data and conbrol link: The link is line-of-sight, with power and gains
designed for operation out to a maximum range of 10 miles (16 km). It uses
an omai-directional airborne antenna and a directional autotracking ground

antenna.

Navigation scheme: DNavigation is by the rho-theta method using the
pointing azimuth (theta) of the ground antenna, the range (rho) from antenna
to RPV measured by timing a round-trip signal, and the altitude measursd by
the RPV altimeter. ALl calculations are done at the ground control station,
and commands sent to the RPV for heading, speed, and altitude. Accuf%cy of
location is * ~~100 £t (30 m) at 3 miles (4.8 km) in X and ¥, determined by
the 6 mil angular resolution of theta and 100 ft range resolution more or
less independent of range. ‘

Safety provisions: TFor positive control in case of loss of link, the
RPV climbs in a tight circle to 800 ft AGL and hoveré for one minute awaiting
reesgtablishment of link. Tf 1link is not reestablished, it reverts to a moldi-
fied radio control (RC) back-up mode, maintaining hover until RC commands
otherwise. The autopilot conbtinues to stabilize the RPV and provide an o~
azimubth reference from an on-board magnetometer. The RC operator can then
command a reburn to the ground station, even without a good visual reference
to the RPV, by commanding a heading that brings the RPV back to the general

vicinity of the ground station. When the RPV arrives close enough to see
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clearly, the operator lands it using visual reference.

For collision aveoidance, the RPV operates below altitudes allowable to
general aviation, and over z known, confined area. Ordinarily, no other pre-
cautions are taken, and the RPV is darﬁ so &8 to be inconspicuous from the
-ground. However, the RPV has flashing strobe lights that can be turned on by
command of the operator in the rare event that the RPV leaves the‘confines of
the patrolled area, or for'any other reason the operator chooses.

In case of unplanned descent, the RPV autorotates to the ground at a
rate of 22 ft/sec (6.7 m/sec).

Training and procedures: .(No special items of note were determined for
any of the systems. The training program that was assumed for costing bur—
poses is mentioned in Appendix E. This heading is not included in the remain-
ing system descriptions.) ‘

Mission 2, Wildfire mepping. - Concept of operation: The mission objec-

tive is to fly over a wildfire that is being fought and obtain real-time or
near-real-time infrared (IR) imagery of the fire, providing the boss of the
Tire-fighting operation with timely information on the characteristics and
spread of the fire. He uses this information to make decisions about the use
of suppression forces. - \

The single RPV and its ground equipment are brbught by truck to a sibe
at or near the main fire camp, no more than 10 miles from the fire:‘ After
being unloaded, the trucks are freed for other uses. The RPV takes off and
lands in a clearing that is otherwise unimproved. T} flies up to four-
missions per day, each aboub l% hours long. It carries an IR imagiﬁg sensor
over the fire and transmits the image to the GCS via the data link. The
image data is processed on the ground into hard copy, which & photointerpreter
uses to lécate the fire perimeter with respect to fuels, topography, roads,
firebreaks, -and suppression forces. The h§rd:00py processor and the photo-
interpreter are not considered part of the RPV system, since they would be at
the fire whether an RPV or a manned aircraft were used for mepping.

The RPV flies at 5000 Ft (1500 m) AGL over terrain up to 7000 £t (2100 m)
above sea level. It is controlled from the GCS by a single operator, who is

in close proximity to (perhaps in the same tent or trailer with) the command
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center at the main fire camp. The RPV flies a preprogrammed f;ight path that
is laid out to image the fire in overlapping swaths. The operator can over-
ride the preprogrammed flight path if necessary, but need not otherwise fly
the RPV. This is done by a technique similar to the waypeint guidance used

on the IMSC Agquila program, in which coordinates of successive points over
which the RPV is to fly are entered into the navigation computer in the ground
station. )

Mission payload: The mission payload is either an IR line scanner or a
forward-looking infrared (FLIR) camera, equipped With a target detection
module in the circuitry that provides an indication in the margin and a blip
on the image to locate hot spots and enhance the outline of the fire periméter.
Together with a small, fixed FOV, TV camera (gimballed but not stabilized) for
piloting during landings, it weighs 20 1b (9 kg),. installed, has a scan, Or
equivalent field of view, of 120°. -

Air vehicle: The air vehicle is a helicopter RPV, with the physical and
performance characteristics shown in Figure 4. The basic design is the same
as the RPV for Mission 1, bubt with detail differences such as the absence of

engine muffling.

The limitation to unimproved takeoff and landing areas suggests a heli-
copter for the same reasons as stated for mission 1. The payload is the same
weight as in mission 1, and there is no requirement for guietness. Therefore,
the greater power available without a muffler increases -the hover ceiling by
4000 £t (1200 m) and cruise ceiling of 6000 £t (1830 m) to 16,000 £t (4880 m).
A maximom speed of 95 mi/hr (153 km/hr) is estimated for the comparatively
high-drag configuration. Speed could be increased to 115 mi/hr (185 km/hrl‘
or more by extensive streamlining of all components, particularly the rotor

mast and hub, at the expense- of ruggedness and accessibility for maintenance.
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IENGTH (ITJOUT ROTOR) L4.2m (13.8') MAXEMW SPEED 153 Kmh (95 mph)
ROTOR DIAMETER b.lm (23.4'} CRUISE SPRED 112 Kmh (70 wph)
DISC LOADING 5.8xg, 2 {1.19p=f) CRUISE -ENDURANCE 2 hr
SOLIDITY (o) 0.0b CRUISE AETITUDE 3600m  (12,000')
T Jo 0.049 SEA LEVEL RATE OF CLIMB 550m/ain (1800 fpm)
BOWER 18 BHP HOVER GEILING (OGE) 3000m  (10,000')
TAKEOFF WFIGHT 76k (168 1b) CRUISE CETLING Looom  (16,005')
FUEL WEIGHT 1lxg {25 1b) ROTOR TIP SFEED 152m/sec (500 fps)
PAYLOAD WEIGHT 12,7kg {28 1v} ROTOR SEEED 713 rpm
FIGURE L4 RPV For Mission 2, Wildfire Mapping
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Ground station: The RPV is controlled by a single operator at a console
located in a temporary shelter (tent, trailer, or van) shared with the rest of
the main fire camp's command post. All elements of the ground station are
.self-contained and readily portable,. including a motor-~generator set for elec-
trical power, with batteries for emergency backup to land the RPFV in case of
power failure. Therground station resembles that for Mission 1, but differs
in four main regards: a laréer, higher-gain autotracking antenna due to the
gregter distances at which the RPV operates; complete portability; the aux-

iliary power supply; and more tools and spares for emergency maintenance in
the field. '

The location of the RPV is displayed continuously on an X-Y plotter, and
the image from the TV’Eamera can be displayed when desired. The IR sensor
image data is processed to hard copy in near-real-time and provided to the
photointerpreter. No special communications with other systems is reqpired.

- Launch and recovery is by vertical takeoff and landing from an unimproved
clearing, directed by the‘operator who uses the image from tﬁe on-board TV
camera for piloting in the vicinity of the landing zone. Maintenance is done
by a contractor but routine servicing and minor repairs are done by the
operator.

Data link: The data and control link is line-of-sight, with gains and
powers designed for operation out to a range of 20 mi (32 km). Excép£ for
the longer range and resulting higher-gain ground antenna, the link is _
designed the same as for Mission 1. ’

Navigation scheme: Navigation by the rho-theta method described for
Mission 1. Accuracy of location is #250 ft (76 m) in X and Y at a range of
20 miles (32 km). Calculations are made on the ground.

Safety provisions: 1In case of loss of link, the RPV maintains, or climbs
to, an altitude of 5000 ft (1500 m) AGL and flies tight cirecles. If link has
not been reestablished in a predetermined period of time, the RPV flies aw&?
from the fire and in the direction of the ground station for a programmed
time using an on-board magnetometer for aszimuth reference. AL the end of the
Programmed time, it cuts the engine and autorotates to the ground at 22 ft/sec

(6.7 m/sec). An emergency locator beacon helps searchers locate and retrieve
the RPV later.
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For collision avoidance, the REV hés flashing lights for visibility. The
area over a forest fire being fought is ordinérily declared a Temporary
Restricted Area and general aviation is kept out. Fire-fighting aircraft are
notified of the RPV's presence and location and warned to avoid it. They will
usually be at a lower altitude when over the fire, in any case. '

In case of an unplanned descent, the RPV will autorotate to the ground.

Mission 3, Wildfire detection. - Concept of operation: The mission of

wildfire detection consists of flying over large areas of forest, brush, or
grasslands, detecting small, latent-stage fires, and determining thelr loca-
tion with enough precision to dispatch ground units to control them. The
main ides is to locate fires started by lightning storms before the fires can
sprea&. The RPV system would be based at a location central to the protected
region and would fly missions over areas of the region that have experienced
lightning storms. The mission would be flown as soon after the storm as the
clouds have cleared, usually a very few hours after the lightning activity.

The RPV system is not responsible for locating storms, selecting areas
for overflight, or suppressing the fires. These activities are already pro-
vided for.

The RPV system operates from an existing airport at the center of a
forest region 400 mi (640 km) in radiuns. Using one RPV as a relay for the
dgta-and-control link, an operator flies a mission RPV to a predetefmined
area anywhere in the region and flies a precise pattern over the area to scan
it for fires. Up to 6000 mi® (15,300 km?) are scanned in a mission, at a
rate of 2000 miz/hr (5100 km?/hr). The mission RPV cruises at 15,000 ft .
(4600 m) AGL at 200 mph (90 m/sec), so a maximum mission to the edge of the
region takes four hours in transit out and back, plué three hours scanning,
plus an allowance for climbing, maneuvers, and headwinds of one hour, for a
total of eight hours. .

An IR line scanﬁer aboard the mission RPV relays imagery via the relaﬁ*
RPV 0 the ground station where it is converted to hard copy for a photointer-
preter tp locate fires that are detected. Control of the mission RPV is

relayed through the relay RPV, which takes off first and lands last.
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Two operators are on duty, but one can operate the system alone if
necessary. All piloting of the aircraft is auntomatic except takeoff and
landing. The operators maintain direct communications with the ATC center(s)
that control the areas through which the RPVs will pass on a mission.

Migsion payload: The mission payload of the relay RPV is the data-and-
control link relay connecting the mission RPV to the ground control station.
The mission payload of the mission RPV is an IR line scanner with a target
detection module te indicate on the image the locstion of detected fires.
Both RPVs have fixed TV cameras to aid the operator in piloting at takeoff
and landing. The IR line scanner and the fixed TV camera weigh 33 1b (15 kg).
The relay equipment and the fixed TV camera on the relay RPV weigh 88 1b
(40 k). :

Alr vehicle: TFigure & shows the main physical and performance char-
acteristics of the mission—éPV vergion. The appearance of the reldy RPV is
the same, and the slower speed at which it is required to cruise decressesg
fuel consumption more than enough to maintain 8-hour enduranée with the added
55 1b (25 kg) of payload weight, so a separate figure is not included for the
relay RPV.

A 200 mph (322 km/hr) cruise speed at 20,000 ft (6100 m) altitude for 9
hours is desired for the wildfire detection mission. This long~range mission
at a relatively high altitude is ideal for a mildly supercharged h-éyéle
engine. Very few engines of aircraft quality and weight exist in the small
size range. The most attractive engine with proven long life is the Conti-
nental 0-200 used in the Cessna 150 2-place training airplane. A small turbo-
supercharger of existing design should be adapted with a minimum of effort.
(Many larger engines are available with turbo-superchargers, bubt are more
powerful and expensive than justified for this mission,)-

The airframe for the wildfire detection mission could be designed new or
might be adapted from an existing small light plane. The high speed require-
ments eliminate’ all but the larger light aircraft in U.S. production. The
small home-built aireraft field offers several pogsibilities, however. IMSC
does not endorse any particular existing design, but for purposes of illus-

tration has chosen to show an adaptation of the Rutan "VariEze" as typical of
designs that might be appropriate.
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LENGTH Lam (4.3 £5) MAXTMIM SFEED 362 Kafnr (225 mphg
HIKG SPAN 6.8a (22.3 £}, | CRUISE SPEED 322 ¥m/hy (200 mph
WING AREA L, (53.6 £t} CRUISE ALTITUDE 6100m (20,000 £%)
WING LOADING 89.3kg/n? (18.3 paf) CRUISE ENDURANCE 9 hrs -
POWER 300 BHP TURBOCHARGED $TALL SFEED 80 ¥m/br (50 mph)
TAKEOFF WEIGHT . il kg {980 1b) RANGE (NO RESERVE) 2900 ¥m (1800 8.M)
FUEL WEIGHT 151 Kg {332 1b) CEILING (FULL FUEL} >7600a (25,000 £t)
PAYLOAD WEIGHT 26.3 Kg (58 1b)

FIGURE 5 RPV For Mission 3, Wildfire Detection

37



Tt is designed for the Continental 0-200 engine. Also, its two-place
size could permit manned ferry operation to get the aircraft from one place
to another for operation or maintalinance even after one seat is replaced with
a fuel tank and equipment bays. This aircraft is highly efficient, as_is
required for long-range, high-speed flight. Its cruise lift-to-drag ratio
is over 14, Iong range is provided by adding a 38-gallon (144 1) fuel tank
in the forward portion of the rear seal area, maintaining the correct center
of gravity. This fuel augments the 20 gal (76 liter) tanks built into the
wing root gloves. ‘

It is possible to design a smaller and lighter aircraft than the VariEze
to perform the wildfire detection mission. The key factor is the availability
of a four-cycle engine of about 50-60 hp (37.5-44.5 kW) that could be super-
charged. A few engines, including modified Volkswagen engines, are available
but none have the reliabiiity of the Continental 0-200. The older Conbtinental
C-60 would be a possible engine but it is out of production. Therefore,
because of engine availability, the VariEze was taken as a representative
agir vehicle for this study.

This wildfire detection mission requires operation at range of 400 mi
(640 km) from the base of operations. The long range necessitates a relay
for communications. An airborne relay is assumed here. The long relay range
of up to 250 mi (400 km) requires a high-gain (21 db) directional receiving
antenna onboérd the relay craft. This 21-dB antenna is a gimballed 21-inch
(0.53 m) dish mounted on the forward cockpit area of a VariBEze airframe. This
location permits a clear view of at least 60° angle to either side of the
relay RPV. The system operation assures link closure by having the relay RFV
make turns at the same time the mission RPV makes commanded turns. The
slower cruise speed of 150 mi/hr (240 km/hr) of the relay due to the shorter
distance it must travel requires much less fuel than would be required at
200 mph, which more than makes up for the additional weight of the antenna
and data link.

Ground station: The ground station controls two RPVs at once, and is
operated by two operators. It's located in an existing facility at an air-

port and uses commercial power, with an emergency generator for backup in

38



case of power failure. DPositions of both RPVs are displayed continucusly by
X-Y plotters, and the imagery from the fixed TV cameras on the RPVs can be
displayed whenever desired, e.g., for takeoff and landings. The IR imagery
returned to the ground station in real time is recorded and converted to hard
copy for photointerpretation. .

Continuous communications are maintained with cognizant ATC centers and
with the control tower (if any) at the airport. Ngvigafion celculations are
not made on the ground, excépt forgwhat are necessary to drive the X-Y
plotters and to determine proper geometrics for the relay.. RPV controls
require only that heading, speed, and altitude be transmitted and.the auto-
pilots on the RPVs fly the aircraft.

The ground control station is permanent and not portable.

Launch and recovery are by takeoff and landing at the airport, with.
appropriate traffic control to protect other aircrafs.

) Checkout, servicing, and maintenance are by a contractor at the airport
who provides his cwn facilities and mechsanics. .

Data and control link: The link is a long-range (400 mi, or 640 km)
line~of-gight link through the airborne relay on the relay RPV. The ground
antenna is an autotracking, high-gain antenna, but only for range, not navi-
gabion by rho-theta. ‘

Navigation scheme: Navigation is by an on-board Omegs navigation system.
The accuracy is CEP = 1000 ft (300 m), which is entirely adequate.

Safety provisions: In case of lost link, the mission RPV and/or the
reiay RPV hold altitude or climb to operational altitude and fly in circles
awaiting reestablishment of the link. The cognizant ATC center is notified
by the ground station. If the link is not reestablished in a prescribed
pericd of-time, the RFVs fly to a predetermined, sparsely populated area, shut
off engines, descend in a tight spiral, and finally enter one of the manuevers
designed to provide a steep glide path, and thus minimize the time in descent
and the area of potential damage on the ground. (See comments about unplanned
deséents, below. )

For collision avoidance, the RPVs operate in controlled airspace, con-
trolled by ATC. They also have flashing lights for visibility, and collision

avoidance system (CAS) beacon transponders for ATC,
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In case of unplanned descent, the maneuver is the same as described above
when the link is not reestablished. This is not a very satisfactory mode of '
emergency descent, since it results in a fairly high~speed impact. Further
means to slow descent will probably have to be provided, at a weight penaity
of perhaps 10%.

Mission 4, Fishing-law enforcement. - Concept of operation: RPV systems

would supplement the Coast Guard's surface ships and manned-gircraft patroels
by performing the routine large-area surveillance for detection and location
of fishing fleets and large fishing vessels. The manned aircraft or surface
ships would then perform cloge inspection for identification of any fishing
vessels found operating in U.3S.-regulated waters, and Tor enforcement of any
regulations such as licensing, restricted types of catches, limits on size of
catech, efe,.

The RPYV would detect and locate the fishing vessels by surveying an
assigned area 200 mi x 200 mi (320 km x 320 km) once daily using a synthetic
aperture radar (SAR). The SAR is envisioned as having a minimal airborne
portion and telemetering the raw radar data to the surface for signal process-
ing and display.

Operation is from existing U.S. Coast Guard air bases on the coast. To
cover the assigned area, the RPV would fly a round trip of about 300 mi (480
km) from the base to within 100 mi (160 km) of the extreme corners of the ares,
and back, once a day, at 80 mph. This gives a mission time of nearly-four
hours. Operating altitude is 15,000 £t (4500 m), so no relay is required.

The RFV operates in conbtrolled airspace part of the time, so the operator
has conbinuous communication capability with the cognizant ATC center.

Only a single operator is required, and only one RPV is controllied in the
air at oncé frem one ground station.

Mission payload: The mission payload 1s a synthetic aperture radar. The
airborne portion consists of (1) a fixed antenna system using tﬂe RPV flight
path to provide the scanning function; (2) radar transmitter/receiver; and
(3) signal conditioner for RPV telemetry interface. The raw radar daté along
with RPV attitude data is telemeitered to the ground station for siganl pro-

cessing and display.
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Air vehicle: The air vehicle is a fixed-wing RPV weighing 146 1b (66 kg)
at takeoff and having the physical and performance characteristics shown in
Figure 6, .

Three longitudinal rod-like 140 MHz antennas about 3 ft (1L m) long -are
to be carried with & 25 1b (11.3 kg) radar electronics package. Omega navi-
gation is to be used. The mission is to survey the ocean for 200 mi {320 km)
from the coast to detect illegal fishing activities. The radar has a range of
more than 100 mi (160 km) from an altitude of 16,000 £t (4900 m}. This long
range permits a large srea to be scanned by a slowly circling RPV about 130 mi
(200 km) from shore. The mission can be performed by an RPV with 5% hour
endurance (including reserves) at a speed of 80 mi/hr (36 m/sec).

The desired antenna configuration is a central longitudinal rod followed
by two éimilar rods 13.5 in.(0.34% m) on either side of the centerline. This
arrangement is cémpatible with a twin boom pusher airframe as shown in Figure
6 and suggested for missions 5, 6 and 8. The high-altitude search requirement
of this mission requires a slightly larger (10%) engine than suggested for the
other missions. Otherwise, the ajirframe is identiecal except for payload pro-
visions. Although trailing edge flaps are shown to minimize landing speed, 1t
may be acceptable to land about 30% faster (60 mi/hr, or 27 m/sec) without
flaps on the permanent landing strip assumed for this mission.

Ground station: One RPV is controlled in the air at any one time, by the
single operator at a console in a building or shelter at an existing U.S.
Coast Guard Air station. The location of the RPV is displayed continuously
(on an X-Y plotter), as are the routine operating data such as speed, altitude,
Tuel remaining, etc. The image from a fixed camera on the RPV is displayed
for aid to the operator during takeoff and landing..

The data returned from the SAR is processed on the ground to determine
locations of ships detected. The location informatibn is stored and displayed
-as required. Navigation calculations are not performed on the ground.

Comre rcial power is used, with an auxiliary generator as backup in case
of power failure.

Communications with ATC are provided.

Launch and recovery are by takeoff and landing firom the air strip at the
alr station. :
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RFV For Mission 4, Fishing-law Enforcement




Checkout, servicing, and maintenance are by a conbractor who provides
his own equipment and mechanics.

The ground station is permanent and not portable.

Data and control link: The link is line-of-sight with power and gains
designed to cperate at 150 mi (240 km) range. '

Navigation scheme: Navigation is by an on-board Omega navigation system.
The accuracy of location is CEP = 1000 ft (300 m).

Saféty provisions: Safety provisions are very similar to those for
Mission 3 with regard to lost-link manuevers, collision avoidance, and un-
planned descent, with the advantage of operating over the ocean where an un-
planned descent poses little or no danger to anyone.

Mission 5, Highway patrol. - Concept of operation: This mission for RPVs

is to patrol streftches of highway that are too remote or £00 lightly btraveled
to justify regular Pa%rol by manned aircraft. The RPVs supplement existing
patrols by manned aircraft. Both a mission RPV and a relay RPV are used.

The mission RPV carries a TV camera and transmits a real-time image of
the scene beiow to an operator at a ground conbrol station. The objective is
to locate accidents, motorists in trouble, stolen or wanted vehicles, and un-
safe road conditions such as landslides, flooded stretches, or washouts. Upon
discovery of any of the above items, the necessary information is provided to
a dispatcher on the ground, who directs ground units to take appropriate
action. )

The RPVs fly over an area of 150 mi (240 km) in radius about the airport
from which they opesrate, covering about 700 mi (1120 km) in an eight-hour
flight once a day. The mission RPV operates below 800 ft (245 m) AGL and is
thus out of line-of-gight of the ground control station much of the time. The
relay RPV provides the data and control link by flying at 15,000 ft (4600 m)
AGL directly abowe the mission RPV. One operator controls both RFVs. Only
daytime operations are envisioned. '

Mission payload: The mission paylead is a daylight TV camera with pan,
tilt, and zoom (or variable field of view) and a loudspeaker for addressing
people on the ground. The total weight is 17 1b (7.7 kg). The mission pay-
load of the relay RPV is the data link equipment for relaying to and from the
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mission RPV. Tt weighs 35 1b (16 kg). The relay RPV also has a 3-1b (1.h kg)
fixed TV camera for a visual reference during taekeoff and landing.

Air vehicle: Both the mission RPV and the relay RPV are fixed-wing
aircraft. Their general features and performance charactéristics are shown
in Figures 7 and 8, respectively. The unusual flat belly configuration of
the relay RPV is to accommodste the antenna for communi cating with the mission
RPV from approximately overhead,

The highway patrol mission is a low altitude linear surveillance. An
altitude of 800 £t (24l m) sbove the ground is desired at a speed of 90 mi/hr
(40 m/sec) for 8% hours. This combination of relatively high speed and low
altitude for a long duration leads to a high-wing-lcading RPV. A conventional
airstrip is To be available for takeoff and landing, so that no special con-
siderations are required for limited runway length.

The-configuration depicted in Figure 7 ig a twin-boom pusher similar to
that suggested for Mission 4, The pusher arrangement leaves fhe lower for-
ward fuselage areas available for mounting the gimballed daylight TV camera
and dome, The conventional tail control concept Lolerates considerable
center-of-gravity variation as would be expected for.a vehicle with the large
amount of fuel required for this mission. A fixed landiné gear is assumed
for simplicity and reliability. The high wiﬁg loading of 15 .].'lo/ft2 (75 kg/mg)
leads to unacceptably high landing speeds. Therefore, flaps are suggested to
reduce stall speed to a Lolerable 50 mph at landing. Tt is assumed that the
ailerong would be deflected downward about 10 degrees to serve as flaps, with
enough deflection remaining for adeguate roll control. Separate actuators
are anticipated for each aileron so their use as flaps does not increase
mechanical complication. ) ‘

The vehicle meets the desired performance with a 10-hp (7.46 kW) engine.
Cruise at 90 mi/hr (40 m/sec) requires about 75% power assuming a 1-hp (746 W)
electrical power load. In the interest of long engine life and better climb
performence, a slightly larger engine would be desgirable. The engine'size
decision can be made when ard if an RPV is designed or adapted to perform the

highway patrol mission.

44
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FIGURE 7

s
H
. -3
2.35m (7.75"} MAXIMM SPEED 175 Knfhr {108 aph)
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T kg 'm h CRUISE ENDURANCE .
ml L%u? (4.Tpst. STALL SPEED (FLAFS DOWH) 77 KM/nr (48 mph)
74.8 Kg(165 1b) RANGE {NO RESERVE) 1230 Km (765'5.1-:.)
26 Kg (58 1b) CEILING (FULL FUBL _ 270 (8aco
11.8 Kg (26 1b) CEILING (HALF FUEL) 4000 m {13,200")
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Because of the low-zltitude flight of the patrol RPV, a relay RFV is
required to fly at 15,000 ft (4570 m) to permit continuous communication with
the patrol RPV. The relay craft flies in a station-keeping mode directly over
the mission RPV. Signals are received through a 1 x 3 £t (0.3 x 0.9 m) flat
antenna with & 100\by 30° beam on the underside of the fuselage and the
associated avionics weight combined with the high-altitude flight requirement
dictate a larger airframe and engine. A configurabtion similar Hto the basic
patrol RPV with a 20 £t2 (1.86 m?) wing area and 17-hp (12.7 kW) engine meets
the relay craft requirements. This 230 1b (104 kg) vehicle is shown in
Figure 8 .

Ground station: The two RPVs are controlled by a single operator at a
console in an existing building at an airport. The location of the two RPVs
is shown continuocusly on an X-Y plotbter, and the real-time image frO{n the
migsion RPV's TV camers is also displayed continucusly. During landing and
takeoff of the relay RPV, the picture from its fixed TV camera can be dis-
played as an aid to piloting. Speed, altitude, heading, remaining fuel, and
other operating data for both RPVs are displayed.

A videotape recorder provides a permanent record of the image from the
mission TV, at the opbtion of the operator, along with pertinent time, date,
and location information.

The operator commands speed, heading, and a;titude and the autopilots
aboard the RPVs fly the aircraft. The operator can also speak to people on
the ground with loudspeaskers, and can conbrol the pointing and zoom of the
mission TV camera.

Commercial power is used, with an emergency generator in case of power
failure.-

The operator has continucus communciations with the cognizant ATC center
for control of the relay RPV, which operates in controlied airspace. He also
has telephone and/or radio communication with the nearest highway patrol sub-
station.

The ground station is permanent, and portability is not required.

Launch and recovery are by takeoff gnd landing from the airport, using

the on-board TV careras to help the operator in piloting. The relay RPV takes
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off first and lands last, always relaying control to the mission RFV.

Maintenance, checkout, and servicing are done By a contractor at the
alrport, who provides his own equipmént and mechanics.-

Data and control link: The link is a long-range (150 mi, or 24Jkm),
line-of-sight link through the relay RPV. The ground antenna is an auto-
tracking, high-gain antenna, but only for range, not for rho-theta navigation.

Navigation scheme: DNavigation is by an on-board Omegad system, with
location accuracy of CEP = 1000 ft (300 m). The operator relies on the TV
image to adjust the flight path to keep the highway in the field of view.

Safety provisions: The safety provisions are similar to those for
Mission 3. Since these RPVs are considerably lighter than the ones for
Mission 3, provisions to slow an unexpectéd descent are more practicable.

Migsion 6, Pipeline patrol. - Concept of operation: The RPV system

patrols 400 miles of pipeline per day, looking visually for signs of leaks,
hazards to the pipeline, and semaphore indications that the cathodic pro-
tection has failed. When a problem is debected, ground personnel are dis-
patched to take care of it. The RPVs (mission and relay) operate from-air
strips adjacent to existing pumping or control facilities approximately 200
mi {320 km) apart, at which the ground control stations are also located.
Control of the RPVs is handed off from station to station along the line, and
they do not ordinarily land at the same station from which they took off on
any given day.

Mission payload: The mission payload of the mission RFV is a daylight
TV camera with pan, tilt, and zoom (or variable field of view). It weighs
7 1b (3.2 kg). The mission payload of the relay RPV is the communication
relay equipment, which weighs 35 1b (16 kg). The relay RPV also has a fixed
forward-looking 3-1b (1.} kg) TV camera to give the operator s visual refer-
ence during takeoff and landing. -

Air vehicle: Both the mission RPV and the relay RPV are fixed-wing
aircraft., Their general features and performance characteristics are shown
in Figures 2 and 2, respectively. The unusuval flat belly configuration of
the relay RPV is to accomodate the antenna for communicating with the mission

RPV from approximately overhead.
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This mission is similar to mission 5 in that a low-altitude linear-patrol
mission is flown. The payload is lighter, 16 1b (7.3 kg), and flight time is
only 6.5 hours at a lower speed of 80 mi/hr (36 m/sec). Considering these
reduced requirements, the same configuration air vehicle can be built for a
129 1b (58.5 kg) takeoff weight.

Ground, station} The two RPVs are controlled simultanecusly by a single
operator at a console in an existing building a% a pumping or control station
on the pipeline. These stations are chosen no more than 200 mi (320 km)
apart, the maximum distance being determined by line-of-sight communications
to the relay RPV. )

The image from the TV camera on the mission RPV is displayed continuously,
as is the X-Y lccation of the RPVs on an X-Y plotter. Also displayed are the
operating data on the RPVs, such as speed, altitude, heading, remaining fuel,
ete. During landing and takeoff, the image from the relay RPV's TV camera is
also displayed.

. Speed, altitude, and heading commands are used to guide the RFVs, leaving
the autopilot to actually fly the RPVs. The pointing and zoom of the TV
camera are also controlled by the operator.

Commercial power is used, with an emergency generator for backup in éase
of power failure.

The operator has continuous communication with the cognizant ATC center
to operate the relay RPV in controlled airspace, and with the stations on
either side of his own to coordinate the handovers.

An operator controls the RPV an average of 2-3 hrs once a week and per-
forms other duties unrelated to RPVs the rest of the ftime.

The ground stations are permanent. The number of them in a system
depends on the length of the pipeline, since there must be one about every
200 mi (320 km). For a 1000-mile pipeline, there are 6 stations, counbing
the ones at each end, :

Iaunch and recovery is by takeoff and landing from a prepared sirip near
a station. Checkout and servicing is done by the operators, but mainténance

is done by a contractor, who supplies his own equipment and mechanics.
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Data and control link: The link is a long-range (100 mi, or 160 km),
line-of-sight link through the relay RPV, with hand-over capability from
station to station. The ground antenna is an autofracking, high-gain antenna,
but only for range, not for rho-theta navigation.

Navigation scheme: Navigation is by an on-board Omega s&stem, with
location accuracy of CEP = 1000 £+ (300 m). The operator relies on the TV-
image to make adjustments to the flight path to keep the piﬁeliﬁe in the field
of view.

Safety provisions; The safety provisions are similar to those for
Mission 5. ' i

Mission 7, Agricultural spraying and crop dusting. - Cbncept of oper-

gtion: The RPV is used by a farmer or agricultural aviation operator to

spray ultra-low volume (ULV) chemicals on crops for pest control. fhe RPV is
transported to the field by trailer and operates from a farm road or unimproved
cleared area, where it is loaded with chemicals between flights. It operates
within 1 mile (1.6 km) of the portable ground station, and flies preprogrammed
fliéht paths controlled from a small computer in the ground station. A single
cperator controls the RPV, possibly assisted by a helper for loading the"
chemical. Altitude of operation is only a few feet above the crop, and is
tightly controlled by an on~board radar altimeter,

It should te noted that this is a very difficult mission, and this con-
ceptual design is a fairly low-confidence design due to the limited time and
resources available to investigate solutions to the difficult control problems.
However, it is believed Go be a plausible design.

Mission payload: The mission payload is 30 1b (13.6 kg) of cﬁemical and
a spray system (an air compressor pump and spray bar with associated tankage
and plumbing) weighing 25 1b (il.k kg). For aid in landing and takeoff and
in keeping the operator oriented, a fixed forward-looking TV camera weighing
3 1b (1.4 kg) is also carried. I

Air vehicle: The RPV is a fixed-wing aircraft. If carries a spray bar
permanently mounted behind the trailing edge of the wiﬁg. Figure 11 gives its
general characteristics and performance capgbilities. The outer panels of the

wings and spray bar are detachable for transportation by trailer.
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2.8 m (9.27)
~  WING SEAN Lo3m (23.23")
SPRAY BAR SEaH 5.08 m,  (16.67')
SPAN, QUTER PANELS OFF 1.52 m (5.0*3
WING AREA 2,32 r? _ (25 f£t)
) WING LOADING 48.8 Kgfe? (10 psf)
PCWER 25 EBHP
TAKEOFF WEIGHT 113.4 Kg (250 1b)
- - - + FUEL, WEIGHT 11.3 Kg {25 1b)
LIQUID PAYLOAD 13.6 K¢ (30 1b)
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CRUISE SFEED 129 km/h (80 mph)
CHRISE EMDURANCE 2.2 hr
. CRUISE RANGE 283 ¥m {176 8.M.)
STALL BPEED 75 ¥m/h (46.6 mph)
TAKEOFF DISTANCE 160 m (sa5')
TAKEQFF OVER 10 m 197 m (645')
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FIGURE 11 RPV For Mission 7, Agricultural Spraying and (#op Dusting
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The RPV is required to spray a swath width of at least 20 ft (é.l.m) at
a speed of 80 mi/hr (36 m/sec) at a height of as low as 2 ft (0.6 m) above
the crops. The RPV is further constrained to short-takeoff operation from
unimproved roads bordering fields being sprayed. An endurance of 2 hours is
desired.

The requirement to spray a wide path leads to a long spray bar to spread
the nozzles sufficiently. A 40-in (1 m) nozzle spacing with Spraying Systems
Company #10900J air-atomizing nozzles provides complete coverage. Six nozzles
cover the desired 6.1 meter'swath, It is assumed that the six nozzles’are
spaced evenly slong a low-drag airfoil-shaped- spray bar that serves a8 an
external airfoil wing flap: This flap lowers takeoff speed and helps to
direct the spray downward toward the crops while reducing the drag on the
spray Eystem plumbing., The spray bar/flap has been integrated into a conven-
tional low wing airplane configuration as shown in Figure _ ..

A large 25 hp (18.7 kW) engine was chosen to provide adequate power for
climbs at the end of each spray pass and to reduce takeoff distance to about
650 £t (200 m) over a 30 £t (9 m) obstacle. Further reduction in takeoff
distance requires increases in power, takeoff 1lift coefficient, or wing area.
The engine is required to provide about 2 hp (1.5 kW) to drive an alternator,
air compressor, and liquid-spray pump. The air compressor is reguired %o
provide air for spray atomization.

Ground station: The operator controls one RPY in the air at a time, from
the portable control station. The location of the RPV is plotted continuocusly
on an X-Y plotter, and ‘the image from its fixed TV camera is di3p1ayed’to aid
the operator in landing and takeoff and in avoiding obstacles. He does not
have to pilot the aircraft or control its attitude or altitude, except during
takeoff and landing, since that is done by the autopilot, the ground computer,
and the radar altimeter. He does have override capability in case of emer-
gency.

A motor-generator set provides electrical power, with a battefy backup to
land the RPV in case of power failure.

No communication with other systems is needed or provided.
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Launch and recovery are by takeoff and landing from a farm road or
cleared dirt strip near Fhe field. '

Routine servieing is done by the operator, but maintenance is done by a
contractor who supplies his own equipment and mechanics.

Data and control link: The link is short-range and line-of;sight. An
omnidirectional airborne antenna and an autotracking high-gain ground antenna
for precise tracking in azimuth are used.

‘ Navigation scheme: Navigation is by the rho-theta techniqgue described
for Mission 1, with more precision provided by a higher data rate in the con-
trol link and a larger ground antenns.

Safety provisions: In case of loss of control link, the RPV begins a
climbing turn, shuts off the spray, climbs to an altitude of 300 ft (9L m) and
flies tight circles. If link ‘has not been reestablished by the end of a pre-~
determined period, it goes into one of the maneuvers designed to provide a
steep glidepath and thus minimize descent time and confine the area of poten-
tial damege on the ground.

For collision avoidance, no special provisions are made. Qpération is
always at a very low altitude well below general aircraft traffic.

Tn case of unplanned descent, the steep-glide maneuver is also execubted, .
although some modeg of faillure during spraying will cause a near-instant
impact. Fortunately, spraying is done over fields empty of people and equip-
ment.

Mission 8(a), Severe-storm research (low altitude). - Concept of opera-

tion: The RPV system is transported to an airport or open field in the
vicinity of severe thunderstorms and tornados, assembled and checked out, and
flown into the vicinity of the storms to gather meteoroclogical data from just
above ground level up to 5000 £t (1550 m). The distance from the mobile
ground station to the RPV is generally 10 mi (16 km) or less. The entire
system is portable and ready t0 go at any time on short notice 365 days a
year. Actual flying pfobably takes place oh no more than 70-90 days per
year, however.

The system is self-contained, bubt operates in cooperation with weather-

radar stations to locate storms and plan flight paths. A two-ﬁ;n crew operate

the RPV and the data-recording equipment. N
s
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Mission payload: The mission payload consists of a daylight TV camers,,
an instrument and telemetry package for weather data, and a small chaff dig-
penser, totalling 17 1b (7.7 kg). The chaff is for radar tracking of winds.

Air vehicle: The RPV is a fixed-wing aircraft with the TV camera mounted
in the nose and the instruments mounted internally. Its outer wing panels are
easily removable for transportation by trailer. Figure 12 shows its general
features and performance capabilities, Research of gsevere storms at low
altitudes below 5000 £t (1500 m) requires a small RPV with a tight turn radius,
l% hour endurance, and gpeeds up to 110 mi/hr (49 m/sec). A twin-boom pusher
configuration such as those selected for missions h, 5 and 6 meets these re-
quirements. A transparent nose permits full forward hemisphere observation
with a TV camera. A standard weather-data package is also carried to measure
pressure, temperature, and humidity. The light weight of 109 ib (49.4 kg) at
takeoff permits a relatively tight sustained turn of 265 £t (8L m) radius for
cloud observations and avoidance of. extremely turbulent areas. Only 11 1b
(5 kg) of fuel is required for this mission requirement of l%'hours. However,
endurance could be extended to 3 or L4 hours with only a minor increase in turn
radius and no penalty on other performance characterigtics.

Five bundles of chaff are carried to be dispensed on command, Five lbs
(2.3 kg) of weight is allocated Ffor the chaff and dispensing system. Relative-
1y small amounts of chaff tuned to the observing weather-radar frequency will
be reéuired.

Ground station: The ground control station is in a van and is completely
mobile and self-contained. It controls one RPV in the air at a time, and
makes a permanent record of the weather data that is sent by telemetry from
the RPV,

Navigation calculations are done in the ground station, and RPV position
is displayed continuously on an X-Y plotter. RPV operating data such as speed,
altitude, heading, and remaining fuel are also displayed.

The console controls the speed, heading, and altitude of the RPV, the
operation of the instrumentation, telemetry, and chaff dispenser, and the

pointing and zoom of the TV camera.
The operators have continuous radio communication with the{weather radar
station with which they are cooperating. N
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Power is provided by a mobor-generator set, with a battery backup to -
land the RPV in case of power fallure.

Taunch and recovery is by takeoff and landing from an airpori, if avail-
able, or from an open field.

Checkout and routine servicing are by the operating crew, but maintenance
is done by a contractor, who furnishes his own equipment and mechanics.

Data and control link: The link ig like that of Mission 2. High fre-
guency signal coding prevent interference from the lightning discharges
associated with the storms. '

Navigation scheme: Navigabtion is by the rho-theta method, as described
for Missions 1, 2, and 7.

Safety provisicns: In case of lost link, the RPV circles at altitude for
a predetermined period, and if the link is not reestablished it flies to a
preprogrammed, sparsely populated area and executes a steep-glide maneuver to
minimize descent time and confine the area of potential damage on the ground.

For collision avoidance, the RPV has flashing lights for visibility, and
it operates in regions near storms where other aircraft are rare.

In case of an unplanned descent, the RPV descends by the method
described above.

Mission 8(b), Severe-storm research (high altitude). - Concept of oper-
ation: This mission calls for flying at altitudes up to 60,000 £t (18,300 m)

and remaining there for sustained periods of several hours while gathering

visual and measurement data of the tops of storms. This extreme altitude
requirement requires an RFV that is unlike any of the other systems conceived
in this study, and the small potential demand gives scant incentive for a
special development program., It is recommended that the existing "Mini-Sniffer"
RPV {Reference 1) developed at the NASA Flight Research Center for high-
altitude atmospheric sampling be investigated for this usé, but no further
conceptual design work wasg .done on this mission in this present study.

“Mission 9, Meteorclogy. - No satisfactory RPV system concept was developed

that appeared to compete with the cost of weather balloons for this use.

. T
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Cost Analysis

Introduction. - Total economic, technieal, and envirommental impact are
examined in this study. Cost analysis addresses the economics of RPV systems
viability, market potential, and operations in the 1980-1985 time frame. The
objectives of cost analysis are (1) to estimate the costs for each candidate
system design concept, (2) to assess the costs of using RPVs in selected
civil applications, and (3) to compare RFV costs with conventional or estab-
lished methods.

Approach. - The following is a review of the approach taken for deter-
mining total system costs, including development, investment, and operations
for each RPV system concept and alternative method identified in the study.
The cost analysis approach is further detailed in Appendix E.

Overview: A subsystem—level hardware element structure (HES) and work
breakdown structure (WBS) of hardware, software, services, and other cost
items are established for each life-cycle phase of the RFV system. TEe_HES
and WBS used in the study are summarized in Tables 5 and ¢,

Note that for commercial-systems costing, as compared to military-systems
costing, there are several significant cost-element differences, such as the
addition of depreciation and insurance to operating cosis.

‘When present or potential methods other than RFVs are identified for the
selected uses, total system costs for meeting the functional requirements are
estimated. In some cases these costs are obtained from the market survey of
_ Present users. IMSC!'s bank of cost data on RFV systems, aircrafi, spacecraft,
and ground vehicles provided much of the needed information. For the remain-
ing cases, an independent collection effort f£illed in the needed cost data.

Particular care is taken to place RFVs and alternatives on the same cost
bagis by making consistent assumptions about sunk costs, depreciatiop, AMOT~

tization of hardware and personnel cost, etc. No attempt is made to optimize
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Table 5 .
Table 6
DDT&E Costs
Vehicle
Payload

Ground Coutrol Station
Launcher/Retrieval System
GSE

Developmnent Spares‘
Flight Test .

Tooling

Manzgement and Integration

Investnent Costs

Vehicle

Payload
Ground Conirol Station ‘
Launcher/Retrieval System

GS

4]

Spares

Management and Integration

Hardware Element Structure

Adr Vebicle
Airframe
Engine
Guiéance and Control
Data Link
Payload
* Integration and Assembly-
Ground Control Station

Launche:/Retrieyal System

Work Breakdown Structure

Operating Costs
Anmual Fixed Costs
Depreciation
Insurance -
Full
Lisbility
Medical
Aircraft Storege
Crew or Personnel
Training_ '
Direct Ope;ating Costs
Fuel
0il
Periodic Incpectic;n‘ ‘
Maintenance

Airframe *

Engine

Avionics and Ground Conirol Station
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present non-RPV gystems or to cost potential improvemen%s that could bé made
in responss to competition from RPVs.

The comparisons of competitive systems costs to perforﬁ each of the
selescted usés assume the same degree of effectiveness (benefit) by an RPV
system and by the non-RPV alternative method. The basis for campeﬁition is
total cost to the user to perform the same mission to the same (or nearly so)
degree of effectiveness (benefit). A

Cost Apalysis: The cost-analysis approach for RFV system concepts makes
use of the Lockheed Mini-RPV Cost Model-"CY, a parametric total system cost
model augmented by direct input (throughout) of certain WBS items. Cost
Model-"C" uses RPV system physical characteristics, performance, and program
parameters as determinants to estimate development and production costs that
reflect commercial-aviation standards.

Average unit production costs, RPV system design, development, test, and
engineering (DDIZE) and total investment costs, and amual operating costs
are determined, in 1976 dollars, for each of the selected mission RPY system
concepts. Test articles and production quantities of air vehicles, ground
control stations, and ground support equipment are established from the market
survey and analysis.

With the exeeption of Mission 3, all vehicles considered in this study
fall into the mini—BPV class.. All vehicles will share some degree of common-
élity in terms of design and development. Followihg development of the first
system, successive systems are not "start from scratch" development programs.
Fach is essentially a modification of a previously developed deéign and will
benefit from this inheritance, However, the DDT&E cost estimate for each
mission is based on the premise that it is the first mini-RPV system to be
fuﬁded in an overall plan encompassing mini-RPV systems for many other
missions. As a result, the total DDT&E cost for any grouping of the missions
studied is not the sum of the DDT&E costs of the individual missions. Fur-
ther, the DDT&E cost for any particular mission would actually depend on the
order in which the various systems are programmed in the overall marketing
plan, For these reasons, DDT&E costs are not amortiz;d in the following RPV

System cost comparisons with alternative approaches, since the DDT&E costs
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cannot be prorated for each mission until an overall implementation plan for
civil uses of RPVs is developed. In all cases, the rather modest DDTZE costs

.Shown are based on an assumption that the basic RPV system development issues
will be resolved by the various military programs and that the adaptations to
civil uses are straightforward. BEven if the DDI&E were substantiaslly larger,
little or no change would be noticeable in the cost comparisons. When pro-
rated over a thousand or more systems and amortized over seven years, the
DDT&E adds less than 1% to the ammal cost of most RPV systems.

For annual fixed costs, the depreciation and insurance are based on
actuzal or.best estimates of procedures and requirements for fixed-wing air-
craft and helicopters used by commercial fixed base operators. Crew costs
for RPV operators are consistent with reported salaries for private licénsed
pilots with IFR training working in the civil aviation ‘sector.

An operator and mainbtenance training program for RPV operators was
especially 1aid out. It includes estima'be‘s of class size, ingtructor-to-stu-~
dent ratio, training equipment and.manuals, training duration, and training
ssquence, drawing on IM3C's experience In training Ammy personnel on the
AQUITA program, The training program is sufficiently flexible to reflect
differences duve to complexity of the RFV system hardware and operation. )

For direct operating costs, the fuel and oil consumption rates are esti-
mated directly from RPV-size-engine specific fuel consumption, RPV concept
fuel tank capacity, and typical small-engine fuel/oil ratio. Fuel cost per

gallon and 0il cost per quart are actuals,

Pericd;i.c inspection and maintenance costs again drew. on the AQUILA pro-
gram for estimates of major RPV subsystem msintenance manhours per f£light
hour. A program was laid out for periodic inspection, airframe and controls
maintenance and parts, engine maintenance and parts, and avionics and ground
control sta’c.ionnmaintenance and parts. This program :;-eflee'bs civil aircraft
operator requirements, procedures and labor rates for conducting scheduled
and unscheduled maintenance, overhauls, and replacement of spare parts. °

The cost-analysis approach for alternative fixed-wing aircraft and heli-
copters was to use actual general aviation airecraft investment and operating
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costs supplied by fixed base operators, owners, and potential users of RPV
gystems. The specific aliernatives identified for each selected mission
during the market survey—and analysis are listed in Appendix B,

A3l development costs for general-aviation aircraft are assumed to be
sunk costs. The manufacturer's prices, im 1976 dollars, for alternative air-
craft are oblained from the "Aircraft Price Digest! and from discuséiéns with
operztors and owhers, and are adjusted for equipment and options pertinent to
the specific missions. - )

For annual fixed costs, the depreciation varies with usage and type of
aircraft. An analysis of the data acquired for forty fixed-wing aircraft and
thirteen helicopters shows that the average annual depreciation for fixed<
wing aireraft is 5.62%, using a seven-year stralght-line depreciation; i.e.,
they depreciate 40% in seven years. For rotary-wing veﬁiéles, depreciation
is 50% of the initial cost over seven years with 50% residual, i.e., 7.14%

per year.
There are three types of insurance that must be considered: " hull insur-

ance, liability and property damage, and medical inéurance. Discussions with
operators and owners of general-aviation aircraft suggested the following hull
insurance rates: )
o Single-engine fixed-wing - cost less than $40,QOO: 4% of manufac-
turer's price (5.6% for agricultural aircraft)
o Single-~engine fixed-wing -~ cost more than $40,000: 3% of manufac-
turer's price (5.6% for agricultural aircraft) -
o Rotary-wing aireraft: 10% of manpfactgrer's price
(14% for agricultural helicopbters)

For liability and property damage, $1,000,000 combined single limit insurance
are:

[v]

One to three place single-engine aircraft: $300/aircraft/year
Four place, and over, single-engine aircraft: $h50/aircraft/year
Twin-engine aircraft: $4000/aircrafs/year

o O o

Agricultural fixed-wing aircraft: $1730/aircraft/year
o Agricultural rotary-wing aircraft: $2600/airvcraft/year .
Current general-aviation practice is to carry $5,000 medical insurance for

each crew member at the rate of about $15/person/year. The medical insurance
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cost for agricultural aireraft pilots is about $60/berson/&ear.

Aircraft storage costs depend on aireraft physical characteristics and a
typical cost of $0.15 per square foot per month, such as currently charged by
fixed-base operators at the San Jose Airport, San Jose, California., -

No training costs are included for pilots and observers that operate
fixed-wing and rotary-wing aircraft.

Crew costs are a consensus of salayy and benefit data acgquired for work-
iné pilots and observers in the civil aviation sector. Pilots and pilot-
observers are assumed to hold valid private pilotts licenses. Fixed wing
pilots are assumed to have, at-least, some additional instrument training.
These costs are discussed in Appendix E. )

¥or direct operating costs, the fuel and oil consumption costs are
based on specific fuel consumption rate data from the "Aircraft Price Digest",
01l change rates, oil consumption rates, and actual fuel cost per gallon and
oll cost per quart.

Periodic inspection and maintenance costs were developed from data
offered by San Jose, California, fixzed-base operators and information acquired
from the market survey. The inspection and maintenance cost analysis ineluded
single-engine and twin-engine fixed-wing aircraft, and small, three~to-five
seat helicopters. The scheduled and unscheduled maintenance, overhauls, and
replacement of spare parts for civil aircraft are discussed further in Appen~
dix E.

Cost Comparisons. - A complete cost comparison is made for RPV system

concepts and representative non-RPV systems identified from the mérket survey

for eight of the: nine selected uses. (No suitable RPFV candidate was found to
compete with weather balloons in the nine use, Meteorology.) Appendix E

describes the costing assumptions that are nsed.
Three comparisons are made for each mission in the following discussion:
o System Comparison
o Development and Purchase Costs Comparison
o Total Annual Operating Cost Comparison
Mission 1 -~ Security of High-Value Property: This mission requires a

dedicated aerial surveillance system operating from 6:00 p.m. to 6:00 a.m.
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every day. Actual flight time is expected to be about.eight‘hours per day
with the aerial systems on standby .alert when not airborne.

Two manned—aircraft’alternatives gre compared agalnst the RFV system,

One is g fixed-wing aircraft with a pilot an& an observer. The other is a
helicopter with a pilot and a'pilot—observer. The two-man crew is necessary
for this night operation so that one can fly the aircraft while the-other
monitors the viewing screen from the low-light-level TV. A single operator
monitors the viewing scréemlfor that system, since the RPV is flown by the
autopilot. Whether RFV or mamned-aircraft, the 12-hour periéd is covered in
two shifts by two crews, and the total of eight flight hours per night are
flown in several flights, with landings and crew breakd bebween flights.

In order to get eight hours of flying per day, 365 days a year, and still
allow time for maintenance, the helicopter RPV system and the manned helicopber
system require two air vehicles.

A system comparison ig shown in Table 6. A comparison of development and
purchase costs fér each system is shown in Table 7. Total annual operating
costs of mission candidétes are shown in Table 8. The pairs of cost values
given in Table 8 for the manned alternatives correspond to the two specific
fixed-wing aircraft and the two specific helicopters shown in Table 7.

Table 8 shows that the RPV system can perform the mission at a cost
saving of about 27% compared to the fixed-wing aircraft and 45%-65% compared
to the helicopter system. TIf should be noted that no éosts or performance
Penalties have been included for quieting-the manned systems, whereas the RPV
has been designed for guiet operation. This is a qualitative advantage for
the RPV that is not accounted for, but which was rated as very important by
some potential users.

As an agide: A third alternative was examined, i.e., fixed LLLTV cameras
on peles or towers, The comparison showed that the fixed-camera system is
competitive or preferable for very small and compact facilitiés. However, for
larger areas or for facilities thal .are spread out, the cost of coaxizl cables
to bring the TV pictures to a central guard facility drives the cost to
unacceptable levels. ‘
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TABLE 6 SYSTEM COMPARISON

SECURITY OF HIGH VALUE PROPERTY

FIXED WING

HELICOPTER

RPV SYSTEM
AIRCRAFT FER 1 5 5
SYSTEM

Gos IN
} GROUND CONTROL VHF -~ VOICE VHF - VOICE . GUARDHOUSE
PERSONNEL, #
PILOT AND PILOT AND
FLIGHT OBSERVER PILOT-OBSERVER NONE
GROUID NONE NONE OPERATOR
LOCAL LOCAL PAD NEAR

ALERT LOCATION _ ATRPORT ATRPORT GUARDHQUSE
ENDURANCE
(20-MIN RESERVE) 9.7 HR. 3.3 Hr. 1.0 HR.'
MAINTENANCE CONTRACTED CONTRACTED CONTRACTED

¥ two crew(s) per day for all candiate systems




. TABLE T DEVELOPMENT AND PURCHASE COSTS COMPARISON,

SECURITY OF HIGH VALUE PROPERTY

DEVELOPMENT PURCHASE

L9

COSTS COSTS

FIXED WING ‘
ONE CESSNA 180J, CR 0 $45,100
ONE CESSNA 182P 0 $43,200
HELICOPTER
TWO HUGHES 300C» OR $1.39,600
TWO BELL 206A $320,200
RPV SYSTEM
TWO RPVs $42,000
ONE GROUND CONTROL STATION 13,500
ONE SET GROUND
SUPPORT EQUIBMENT 2,800

$5, 975,000 $58,300
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TABLE O  TOTAL ANNUAL-OPERATING COST COMPARISON,

SECURITY OF HIGH VALUE PROPERTY

FIXED WING

HELICOPTER

RPV SYSTEM

ANNUAL FEXED COSTS
DEPRECIATION
INSURANCE . -
HANGAR
PERSONNEL -

TRATNING

SUBTOTAL

$118,400-118,700

$154,900-184, 500

$74 ,400

ANNUAL DIRECT OFPERATING
COSTS

FUEL AND OIL
FERICDIC INSFPECTION

MATNTENANCE

SUBTOTAL

$53,900-55 ,200

$80,800-171,600

$§51,400

TOTAL ARNUAL OPERATING COST

$172,L400-173,800

$235,600-356,100

$125,800




Mission 2 - Wildfire Mapping: Mission 2 uses contracted aircraft to
conduct wildfire mapping on an as-needed basis. Information from the Cali-
fornia Division of Foresfry suggests an average fire requires_mapping for
five days, which includes two peak days of activity. During peak days, air-
borne systems will operate eight hours per day. The remaining wildfire map-
Ping days require two hours per day of flight time. Two hours per flight is
indicated as meeting user needs.

An estimate of about 200 large fires per year (1000 large-fire days per
year) suggests a demand of 4400 hours per year, Geographical flexibility of
operation requires the distribution of flight hours smong aiveraft at a num
ber of separated locations, assumed here to be three. For purpose of cosh
comparisons, a wildfire mapping system is assumed to require 1467 flight
hours per year.

The system against which the RPV system is compared is a manned-aircraft
which carries the same infrared (IR) mapping equipment as the RPV., Either
system is assumed tc provide only fér carrying the sensor over the fire and
transmitting the sensor data to a ground station by a data link. The conver-
sion of the data to hard-copy imaegery and the photointerpretation of the
result is assumed to be the same for either. system, and the costs for per-
sonnel and equipment to do those things are excluded from the comparison.

A system comparison is shown in Table 9. A comparison of development
and purchase costs for each system is shown in Table 10. Total annual oper-
ating costs of mission candidates are shown in Table 1l.

One can see from Table 11 that the cost of wildfire mapping with RPVs is
approximately the same as with a manned aircraft.

Mission 3 - Wildfire Detection: This mission uses contracted aircraft on
an as-needed basis. When required, the aerial detecﬁion system operates up to
eight hours per day in a single flight. Information from the U,S8. Forest
Service suggests a service need of 75 days per year per location or 600 annual
flight hours for one systgm.

The system against which the RPV system is compargd is a twin-engined
manned aireraft which carries the same IR sensor as the RPV, but instead of

sending the data to the ground station via a data link as the RPY would, it

69



04

TABIE 9

SYSTEM COMPARISON

WILDFIRE MAPPING

FIXED WING RPV SYSTEM

AIRCRAFT PER

SYSTEM \ 1 1

|

: GROUND CONTROL VHF - VOICE MOBILE GCS
PEASONNEL, *

FLIGHT PILOT NONE

GROUND NONE OPERATOR
BASE OF LOCAL FIRE
OPERATIONS ATRPORT CAMP
ENDURANCE
(20~-MIN RESERVE) 9.7 HR 1.7 HR
MA INTENANCE CONTRACTED CONTRACTED




1L

. TABLE ‘1 DEVELOPMENT AND PURCHASE COSTS COMPARISON

WILDFIRE MAPPING

DEVELOPMENT PURCHASE
COSTS CosTS
FIXED WING !
ONE CESSNA 1807, or $53,600 -
OWE CESSNA 182P $51,800
RPV SYSTEM
ONE RPV $31,000
ONE GROUND CONTROL STATION 16,900
ONE SET GROUND SUPPORT EQUIFMENT 2,400
$6,312,000 $50, 300
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TABLE 11 TOIAL_ ANNUAL OFERATING COST COMPARISON

WILDFIRE MAPPING

FIED WING

REV_SYSTEM

ANNUAL FIXED COSTS
DEFRECTATION
INSURANCE
HANGAR
PERSONNEL

TRAINING

SUBTOTAL

$39,500

$40, 760

ANNUAL DIRECT OPERATING
COSTS

FUEL AND OIL
PERICDIC INSFECTION

MAINTENANCE

SUBTOTAL

$28,400-29,100

$28.400

TOTAL ANNUAL OFPERATING COST

$68, 000-68, 700

$69,100




carries the IR processing equipment aboard and produces hard-copy imagery
-which is delivered +to the photointerpreter when the airceraft lands. In either
case, as with Mission 2,-the personnel and equipment for producing hard ccpy
and fcr photointerpretation are excluded from the comparison, on the assump-
tion that they are the same for either sysbtem.

A system comparison is shown in Table 12. A comparison of development
and purchase costs for each system is shown in Table 13. Total annual oper-
ating costs of mission candidates are shown in Table 1h.

Table 14 shows that the cost of wildfire detection by RPV is about 329
less than with the manned-aireraft slternstive. One qualitative feature of
the comparison is that the RPV system provides the hard-copy imagery to the
photointerpreter about two hours earlier, since it is transmitted in real time
and need not wait for the airgraft to return.

The manned-aircraft system could be competitive if a smaller aircraft
such as the Cessna 310 could be used, but the extra fuel required-to provide
the Cessna 310 an eight-hour endurance makes its payload capacity marginal
for the mission. However, if an aircraft with the purchase and operating
costs of the 310 could be used, the annual cost would be egual to that of'the
RPV systenm.

Migsion b - Fishing-Iaw Enforcement: This mission requires a dedicated
aerial surveillance system operating every day, on a steady-state basis, the
year around. The ‘RPV system operates from U.3. Coast Guard air bases approx-
imately 200 miles (320 km) apgrt along the coast, and each RPV system covers
a 200 mi x 200 mi‘ocean area each day, with about four hours of flight time.
The RPV carries a synthetic aperture radar (SAR) and, transmits the radar
return signals to the ground station for processing to detect and locate ships.
The manned aircraft system against which the RPV system is compared carries
both the SAR and the data processor’aboard. In a six~hour flight each day at
about 200 mi/hr (320 km/hr), the manned aircraft can cover as much ocean area
as six RFV systems, delivering the ship locations to the ground at the end of
the flight. )

A system comparison is shown in Table 15. A comparison of development

and purchase costs for each system is shown in Table ;6., Total annual oper-
ating costs of mission candidates are shown in Table 17.
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TABLE 12

SYSTEM CCMPARISON

WILDFIRE DETECTION

FIXED WING RPV SYSTEM
ATRCRAFT FER L T s o
SYSTEM

, GCS I

, GROUND_CONTROL VHF - VOICE EXISTING BUTIDING

PERSONNEL %
FLIGHT TWO PILOTS NOYE
GROUND NONE OPERATOR
BASE OF LOCAL LOCAL
OFERATTONS ATRPORT . ATRPORT
ENDURANCE
(20-MIN RESERVE) 9.4-10.4 HR 8.7 HR
MAINTENANCE CONTRACTED SONTRACTED

* 2 orew(s) per day




TABLE 1.3 DEVELOPMERT AND PURCHASE COSTS COMPARISON,

WILDFIRE DETECTION

DEVELOFPMENT FURCHASE

74

COSTS COSTS

FIXED WING ' '
ONE BEECH B8O QUEEN ATR 0 $335,900
RPV_SYSTEM
ONE MISSTON RPV AND

ONE RELAY RPV $164,200
ONE GROUND CONTROL STATION 28,300
ONE SET GROUND SUPPORT EQUIEMENT 9,700

$21,024,000 $202,200

ZIrTvad ¥00d I0
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TABLE 1k TOTAL ANNUAL OPERATING COST CCOMPARISON,

WILDFIRE DETECTION

FIXED WING

RPV_SYSTEM

ANNUAL FIXED COSTS
DEPRECTIATION
INSURANCE
HANGAR
PERSONNEL

* TRAINING

SUBTCTAL

$52,500

$32,600

ANNUAL DIRECT OFERATING
CO3TS

FUEL AND OIL
PERIODIC INSPECTION

MAINTENANCE

SUBTOTAL

$45,760

$32 . 600

TOTAL ANNUAL OPERATING COST..

$98,200

$66,900




TABLE 15

SYSTEM COMPARISON

FISHING LAW-ENFORCEMENT
i
FIXBD WING RPV SYSTEM
ATRCRATT PER 1 1
SYSTEM
GCs IN
' GROUND CONTROL VHF - VOICE PREFAB., BUILDING
PERSONNEL, #*

FLIGHT TWO PILOTS AND NONE
OBSERVER.
GROUND NONE OPERATCR
NEAREST NEAREST
BASE OT COAST GUARD COAST GUARD
OFERATIONS ATR BASE ATR BASE
ENDURANCE
(20-MIN RESERVE) 9.k-10.4 HR 5.2 HR
MA INTENANCE ORGANIZATTOWAL CONTRACTED
# onecrew(s) per day for fixed wing aircraft.

LL

two crew(s) per day for RPY system,
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' TABLE 16  DEVELOPMENT AND PURCHASE COSTS COMPARISON,

- FISHING LAW-ENFORCEMENT

FTXED WING

ONE BEECH B8O QUEEN AIR, OR
ONE CESSNA 310Q

_ RPV_SYSTEM

ONE RPV
ONE GROUND CONTCRL STATION
ONE SET GROUND SUPPORT EQUIPMENT

DEVELOFMENT
COSTS

$6,570,000

FURCHASE
‘COSTS

$421,,900.
$2h1,700

$17,200
132,100

75500

$156 ,800
X6

.= $911109800 .


http:LAW-ENFORCEI.NT
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TABLE 17 TOTAT ANNUAL.OPERATING COST COMPARISON,
FISHING LAW-ENFORCEMENT

FIXED WING REV SYSTEM
ANNUAL FIXED COSTS '
DEPRECIATION
INSURANCE
HANGAR
PERSONNEL
TRAINING
SUBTOTAL $96 ,300-113,600 $46,500
ANNUAL DIRECT OPERATING'
COSTS
FUEL AND OIL
PERIODIC INSPECTION
MAINTENANCE _
SUBTOTAL $106,000~169,200 |  $23,400
TOTAL ANNUAL OPERATING COST §194,,700-270,900 $69,900
%6
_$419,700




Table 17 shows that the RPV system, as configured, is not competibive
with the manned aircraft, even if the more expensive aircraft (the Beech B8O)
must be used.

Mission 5 - Highway Patrol: This mission requires a dedicated zerial
system operating during daylight hours. Actual flight time totals about
eight hours per day, 365 days per year, using two shifts. The aerial systems
are on standby alert when not airborne.

The system against which the. RPV system is camﬁared‘is a fixed-wing
manned aireraft. No special sensors are carried, since daylight operation is
assumed, but a loudspeaker is carried.

The aircraft has a two-man crew, which is common practice for aerial
highway patrol, although some departments do fly with only one person.

A system comparison is shown in Table 18. A comparison of development
and purchase costs for each system is shown in Table 19. Total annual oper-
ating costs of mission candidates are showun in Table 20,

Table 20 indicates that the cost of highway patrol with the BPV system is
about 35% less than with the manned system. '

Mission 6 -~ Pipeline Patrol: This mission uses contracted aircraf% to
patrol oil and gas pipelines. Pipelines are patroled from the air once a
week, on the average, according to user information. An average flight time
of 25 hours per week, or 1300 hours per year, is estimated for comparison
purposes., The system against which the RPV system is compared is a manned
aircraft with a single pilot; At 25 hours per week, either system can patrol
about 2000 mi (3200 km) of pipeline per week. Thus, an RPV system comparable
fo the manned aircraft in mission capability would patrol 2000 mi (3200 km) of
pipeline with one pair of RPVs and 11 ground stations located 200 mi (320, km)
apart.

A systen comparison is showun in Table 21. A comparison of development.
and purchase costs for each system is shown ih Table R2. Total annual oper-
ating coasta of mission candidates are shown in Tai?le 23. -

Table 23 shows that the FPV system is not competitive with the manned-
aircraft system, despite the optimistic assumptions that existing manned

facilities can be found at convenient 200-mile intervals along the pipeline
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;ABLE 18 SYSTEM CCOMPARISON

HIGHWAY PATROL

\ 1]
PIXED WING RPV SYSTEM
ATRCRAFT PER 1 1 MISSION RFV
SYSTEM 1 RELAY RPY
GCS IN ,
GROUND CONTROL VHF - VOICE EXISTING BIDG.
PRRSONNEL
FLIGHT TWO PTILOTS NOWE
It
GROUND WONE OPERATOR
LOCAL - NEAREST
ALERT LOCATION ATRPORT PREPARED RUNWAY
ENDURANCE
(20-MIN RESERVE) 9.7 HR 8.2 1R
MAINTENANCE COWIRACTED CONTRACTED

* two crew(s) per day for fixed wing aircraft and RPV system
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Y TABLE 19 DEVELOFMERT AND PURCHASE COSTS COMPARISON,

HIGHWAY PATROL

DEVELOFPMENT  PURCHASE
COSTS CoSTS
FIXED WING "
ONE CESSNA 180J, OR $38,700°
OVE CESSNA 182p 0 $36,900
RPV SYSTEM
ONE MISSION RPV AND
ONE RELAY RPV $42,700
ONE GROUND CONTROL STATION ] 21,900
ONE SET GROUND SUPPORT EQUIFMENT 3,200
$10, 741,000 $66,800
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TABLE 2C TOTAL ANNUAL OFERATING COST COMPARISON,

HIGHWAY FATROL

FIXED WING

RPV SYSTEM

ANNUAL FIXED COSTS
DEPRECIATION
INSURANCE
HANGAR
PERSONNEL

TRAINING

SUBTOTAL

$133,900

$72,300

ANNUAL DIRECT OPERATING
COSTS

FUEL AND OIL
PERICDIC INSPECTION

MATNTENANCE

SUBTOTAL

$52,500-53,800

$47,600

TOTAL ANNUAL OFERATING COST

$186,400-187,800

$119, 900
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TABLE 21 SYSTEM COMPARISON

PIPELINE PATROL

FIXED WING RPV SYSTEM
ATRCRAFT PER 1 MISSION RPV
SYSTEM 1 1 RELAY RPV
11 GCS IN
‘ GROUND CONTRCL VHF -~ VOICE EXISTING BIDG'S
PERSONWEL, *
FLIGHT PILOT NONE
11 OPERATORS
GROUND NOPE (RPV HANDOFF)
BASE OF LOCAL - NEAREST
OPERATTON ATRPORTS PREPARED RUNWAYS
ENDURANCE
(20-MIN RESERVE) %.1-9,2 HR 6.2 HR
MAINTERANCE CONTRACTED CONTRACTED

* one crew(s) per day for fixed wing aircraft and RPV system
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. TABLE 22 DEVELOPMENT AND PURCHASE COSTS COMPARISON,

PIPELINE PATROL

DEVELOPMENT  PURCHASE

COSTS CoSTS

FIXED WING '
ONE CESSNA 150L,0R 0 $16,200
ONE CESSNA 172M OR 0 $23,100
ONE PIPER 140 SUFERCUB 0 $20,000

RPV_SYSTEM

ONE RELAY RPV ?
ELEVEN GROUND. CONTROL STATIONS $246,950
GROUND SUPPORT EQUIPMENT ‘ 6,700
$10,805,000  $296,750

XIITVOD W00 10
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TABLE 23 TOTAL ANNUAL CPERATING COST COMPARISON,
3 - \ . .

PIPELINE PATRCL

FIXED WING

RPV SYSTEM

ANNUAL FIXED COSTS
DEPRECIATION
INSURANCE
HANGAR
PERSONNEL

TRAINING

SUBTOTAL

$17,500-18,500

$42,700

ANNUAL DIRECT OPERATING
COSTS

FUEL AND OIL
PERICDIC INSFECTION

MATINTENANCE

SUBTOTAL

$10,800-14 , 700

$21,400

TOTAL ANNUAL OPERATING COST

$28,300-33,200

$64,100




and that the personnel there can be trained to operate the RFV satisfactorily
two to three hourg,per week and perform other duties the rest of the time.,

Migsion 7 - Agricultural Grop'Dusting: This mission uses contracted
aireraft on an as-needed (seasonal) basis. Aerial crop dusters perform sev-
eral short sorties per day, for a total of about four hours flight time per
day. User information suggests each system is required to perform approxi-
mately 1000 flight hours per year.

The RFV system is compared against both fixed-wing and helicopter agri-
cultural aireraft. A system comparison is shown in Table 24. A comparison
of development and purchase costs for each system is shown in Table 25,
Total annual operating costs of mission candidates are shown in Table 26.

In this mission, annual operating cost is not an appropriate measure of
preference. The proper comparison is on the basis of cost per acre sprayed.

To analyze the cost per acre, the main performance variables are air-
craft speed and spray-swath width. For the purpose of comparing the cost
per acre (hectare) sprayed by candidate aircraft, the following performance
and costs are used:

Fixed Wing Helicopter RPY System
Speed, m.p.h. (m/s) 80 (35.8) 65 (29.1) 80 (35.8)
Swath width, £t. (m) 40 (12.2) 40 (12.2) 20 (6.1)

Cost/flight-hour $76-4$90 $108 $29

The caleulations of area sprayed per flight hour assume a square field.
At the end of a swath, the alrcraft shuts off the spray, turns 1800, and
starts another swath in the other direction. Time lost in the turns is
accounted for in the calculations. The resulis of the cost~per-acre’ (hec~
tgre) calculations are displayed for each of the candidate systems in Figure
17 as a function of total area sprayed.

One can see from Figure 13 that the RPV system is preferred over both
the helicopter and the fixed-wing manned aircraft for all field sizes analyzed.
It should be remembered that this comparison applies only to the application
of ultra-low volume (ULV) pesticides for which the greater payload (about

seven times greater) of the manned aircraft does not give an advantage. ULV
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TABLE 24

SYSTEM COMPARISON

AGRTCULTURAL CROP DUSTING

FIXED WING

HELICOPTER RPV SYSTEM
ATRCRAFT PER 1 1 1
| SYSTEM
GROUND CONTROL VHF - VOICE VHF - VOICE MOBILE GCS
PERSONNEL: %
N
FLIGHT PILOT PILOT NONE
GROUND NONE NONE OPERATOR
PREPARED PREPARED/
BASE OF SEMI-—PPQEPAéEHJ SEMT ~ PREPARED SEMI~PREPARED
OPERATI ONS "RUNW AYS ft 1 PADS ] RUNWAY
ENDURANCE \
(20-MIN RESERVE) 1.8-3.1 HR 2.7 HR 1.9 HR
MA INTENANCE CONTRACTED CONTRACTED CONTRACTED
- P

# one crew(s) per day for all candidate systems
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TABLE 25 DEVELOPMENT AND PURCHASE COSTS COMPARISON,

AGRICULTURAL CROP DUSTING

DEVELOPMENT PURCHASE
CoSTS COSTS
FIXED WING !
ONE GRUMMAN G164A AGCAT, OR $49,400
ONE PIPER PA-25 PAWNEE, OR $32,200 -
ONE CESSNA 188 AG WAGON $40,300
HELICOPTER
OWE BELL 47GhaA 0 $78,800
RPYV SYSTEM
ONE RPV $20,700
ONE GROUND CONTROL STATION 20,200
ONE SET GROUND SUPPORT EQUIFPMENT 8,500
$7,507,000 $49, 400
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TABLE 26  TOTAL ANNUAL OPERATING COST COMPARISON,

AGRICULTURAL CROP DUSTING

FIXED WING

HELTCOPTER

RPV SYSTEM

ANNUAL FIXED COSTS
DEFRECIATION
INSURANCE
HANGAR
PERSONNEL

TRAINING

SUBTOTAL

$57,000-58, 900

$69,900

$19;300'

ANNUAL DIRECT OPERATING
C0STS

FUEL AND OIL
PERIODIC INSPECTION

MATNTENANCE

SUBTOTAL

1
i

1

$38,500

$10,200

TOTAL ANNUAYL OFPERATING COST

$19,300~31,800

$108,500

$76a300%904600

$9,500

* The proper measure of preference is cost per acre sprayed, as shown in Figure 17.
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pesticides comprise about ten percent of the agricultural spraying. For the
other ninety percent, the more frequent landing and reloading of the RPV
would raise the per-acre cost by an amount that has not been analyzed in
this study,

Mission 8a - Severe Storm Research - Low Altitude: Mission 8a uses
both "surplus" military aireraft and contracted aireraft on an as-needed
basis. The availability and age of military aireraft and the use of crews
for other missions when not on this one preclude the asgsigmuent of annual
fixed costs to these altermative aircraft. Direct operating costs, only,
are charged against the military gystems, Civil aircraft and RFV systems
costs include all the conventional fixed and operating costs.

The low-altitude severs-storm-research mission analysis suggests that
for each storm‘there should be three hours of flight time or three sorties
of one hour flight time each. An average of about 70 storm days per year
is estimated for each aerial system, resulting in a need for 200 flight
hours per year.’

A system comparison is shown in Table 27. A comparison of development
and purchase costs for each system is shown in Table 28. Total annval oper-
ating costs of mission candidates are showm in Table 28. 1In looking at these
adnparisons, it should be evident that an RPV with a 25-1b (11.4 kg) payload
cannot really be compared on an equivalent basis with the large aircraft that
are presently used, Although instruments to make the measurements specified
in Appendix C can probably be made within the payload weight, common sense
insists -that the vastly greater payload of the aircraft gives them better
utility. Without a more thorough analysis of the mission, the worth of that
payload is hard to estimate. However, it is worth noting that even if all
the RPV costs in Table 29 except personnel were increased by a factor of
five, corresponding to an REV system of substantially greater capability,
the RPV would still be 40 percent cheaper than the fixed-wing civil aircraft.

Common Airframe Development Tradeoff. - Missions 3, 5, and 6 require

both a mission vehicle and a relay vehicle to comprise a complete aerial
system. For missions 5 and 6, the relay vehicle airframe is larger and

heavier than the aircraft of the mission vehicle; These missions pose the
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TABL? 27

SYSTEM COMPARISON

SEVERE STORM RESEARCH-LOW ALTITUDE

MILITARY F.W. CIVIL F.W.
ATRCRAFT ATRCRAFT RPYV SYSTEM

AIRCRAFT PER .
SYSTEM 1 L 1
| GROUND CONTROL VHF - VOICE VHF - VOICE MOBIIE GCS
PERSONNEL %

FLIGHET TWO PILOTS THO PIL.OTS NONE

* TWO OPERATORS

GROUID NONE NONE (RPV + TELEMETRY)
BASE OF STORM RESEARCH STORM RESEARCH VAN
OPERATIONS CENTER/AIR BASE CENTER/AIR BASE
ENDURANCE ' .
(20-MIN RESERVE) 5.4-16.5 HR 9.4 HR 1.7 HR
MATNTENANCE ORGANTZ ATTONAL ORGANIZATIONAL CONTRACTED

% one crew(s) per dsy for all candidate systems
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TABLE 28 DEVELOPMENT AND PURCHASE COSTS COMPARISON,

"SEVERE STORM RESEARCH-LOW ALTITUDE

DEVELOPMENT FURCHASE

COSTS COSTS
MILITARY FIXED WING g
AVATLABLE
OR
ONE LOCKHEED 749 CONSTELLATION , 0 4T TO COST
0 - AVATLABLE
- ;P OR
ONE McD-DOUGLAS F-4C, 0 AT NO COST
AVATLABLE
ONE NORTH AMERICAN (RI) F-1O00F 0 AT O COST
CIVIL FIXED WING
ONE BEECH B80 QUEEN AIR 0 $318,400
REV SYSTEM
ONE RPV $14,200
ONE GROUND CONTROL STATTON 17,700
ONE SET GROUND SUPPORT EQUIPMENT 8,000

$5, 710,000 $39,900
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TABLE- 29 TOTAL ANNUAL‘ OFFRATING COST COMPARISON,
SEVERE, STOEM RESSARCH-LOW ALTITUDE

MILITARY F.W.
" ATRCRAFT

CIVIL P.W.

AIRCRAYT

RPV SYSTEM

ANWUAL FIXED COSTS
DEPRECIATION
INSURANCE
HANGAR
PERSONNEL

TRAINING

SUBTOTEL

$l2,000

ANWUAL DIRECT OPERATING
COSTS

FUEL AND TIL
PERICDIC INSPECTION

MAINTENANCE

SUBTQTAL

$105,900~200,000

$14,L00

$2,000

TOTAL ANNUAL OPERATING COST

$105,900-200, 000

$56,500

$9 »200




quesbion: 1is it more economical in terms of life cycle cost to develop two
separvate airframes or one common airframe? That is, do the cost savings
from a common development program and the learning effects from the larger
production run of a common airframe -offset the cost of making 1000 of the
airframes larger than necessary for the mission? A preliminary cost trade—
off analysis was performed for mission 5 to assess the effects of both
approaches in meeting the requirements for a quantity buy of 1000 systems
(with two RPVs per system). As the next two parag:ré.phs indicate, no clear
cost preference can be determined between the two approaches at the present
state of design definition.

The first approach assumes a dual development program, i.e., the mission
and relay vehicle airframes are developed individually. Investment costs are
based on producing 1000 of the relatively smaller mission vehicle airframes
and 1000 of the larger relay vehicle airframes. The second approach assumes
a common airframe development program for development of the large:r: airframe
only. Investment costs for this approach are based on producing 2000 of the
larger alrframes to satisfy the quantity requirements for both mission and
relay vehicles. ) .

The results of the common airframe development tradeoff showed that dif-
ferences between the dual and common programs in terms of investment costs
and operating costs are insignificant. The cost penmalty for producing more
of the larger vehicles (common program) instead of one mission vehicle and
one relay vehicle (dual program) is practically cancelled out by the effects
of learning that accrue by producing a greater quantity of a single airframe.
The cost difference in the DDT&E program came out to be about 10 percent,
which is overshadowed by.the uncertainties in the cost estimates.
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Envirommental and Safety Studies

Environmental requirements and criteria. - For all practical purposes,

there are only two areas of environmental concern that apply to RPVs in civil
uses. Those are engine emissions that pollubte the air and aircraft noise.
Although there are no known environmental regulatioﬁs that refer to R¥FVs
specifically, it seems likely that RPVs will have to meet the same environ-
mental criteria that other aircraft do. An argument could be made that some
special remote-~area uses never bring RPVs into proximity with the public, and
therefore the criteria could be relaxed 1f an overriding public interest
demanded it. However, control of emissions and noise present no special prob-
lems peculiar to RPV design, and there appears to be no compelling reason to
seek exemption.

With this in mind, the paragraphs that follow describe the requirements
and criteria that apply fo all aircraft in general, with comments on how they
pertain to RPVs.

Engine emmissions: Reference 2 gives a good overview of the U.S.
Environmental Protection Agency's (EPA) program for regulating emissions from
aircraft. The abstract of Reference a.summarizgs it very well:

"In 1970, the United States law relating to air pollubtion control,
The Clean Air Act, was amended to require the Environmental Protection
Agency to analyze the role of aircraft operations in determining commun-
ity air pollution levels and Lo develop emission standards applicable
to airecraft, if necessary to achieve and maintain the national goals
for ambient air quality. The analysis was made, and i% was concluded
that aircraft operations do have a significant influence on air quality
levels in and around major U,S. air terminals and that these contri-
butions are likely to lncrease throughout the next two decades unless
control is undertaken. The report presenting these findings was
followed by promulgation by the Environmental Protéction Agency of

emission sbandards which apply to commercial and private aircraft on

97



July 17, 1973. The first of these ‘standards went into effect in January
1974, while additional requirements become effective in 1975, 76, 79,
79, and 81. The Federal Aviation Administration was directed by Congress
to enforce the standards promulgated by the EPA and they are issuing
enforcement regulations periocdically as the time of implementation for
each of the EPA emission standards draws near."
Much of this discussion is taken from Reference 2
The discussion is made easier by first looking at the five elements of
aircraft emission standards.
o The engine classification system
o The landing—%akeoff (IT0) cycle that defines the engine
operating conditions to be used for measurements
0 The units for expressing emissions
0 The exhaust sampling system
o The pollutant-anaiysis instrumentation.
The last two are not discussed here, but the first three need to be understood.
Table 30 -shows the complete engine classification system developed for
the EPA standards. One thing that immediately comes to mind is that most of
the classes are of little inferest for REVs in civil uses. Only Class Pl
applies to thé conceptual designs in this report, although designs using
engines of class Tl or P2 could fit into some of the uses.
Table 30 . Engine Classification System for EPA Standards

Symbol
T1 Turbojet/Turbofan less than 8 000 1bs thrust
T2 Turbojet-Turbofan greater than 8 000 lbs thrust
(except JTED and JT3D)
T3 P&W JT3D
Th P&} JTED
75 Turbojet/Turofan engines for supersoniec aircraft
PL Opposed piston engines
P2 Turboprop engines

The distinction between Class T1 (small engines) and Class T2 (large

engines) is necessary because of differences in the surface-to-volume ratios
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of the combustors and other engine design considerations as well as the mar-
kets for these engines. The standards take into consideration the lesser
impact of the smaller engines on community air poliubtion problems, since, in
the United States, these are used mostly for irregular business and corporate
travel as opposed to scheduled airline service. Thelr use in RPVs would be
consigtent with this lesser impact.

A special class (T3) was set aside for the Pratt and Whitney JT3D engine),
bagic powerplant for the B TOT/DC 8 class aircraft, so as to facilities estab-
lishing a special smoke standard and retrofit schedule. The same statement
applies to Class T4, the Pratt and Whitney -JT8D engine, basic powerplant for
the B 727/737 and DC 9 aircraft.

Class.T5, applicable only to engines designed for supersonic commercial =
aircraft, was found to be necessary becauvse the engine thermodynamic cycles
which are practicable for this service are not as low in fuel consumption
over the ITO cycle as other large engines (T2), which means that for the same
combustor degign technology they cannot be expected to achieve as low emissions
over the LTO cycle.

Class P1, consisting of opposed piston engiﬁés only, is necessary be-
cause of the disbinctly different types of emission problems and technology
problems spplicable to these types of engines and the smaller impact which
they have on compunity air pollution.

Class P2, consisting of turboprop engines only, was found to be necessary
because of different problems with the technology, the age_of some of these
engines, and the service in which they are used. It is recogﬁized that, in
many cases, the basic engine and combustor may find itself in both classes Ti
and P2 applications. Ultimately, it is hoped by the EPA that future regula-
tions can draw these requirements somewhat more closely together.

The engine operating conditions used in measuring pollutant emissions are
chosen to represent a landing-takeoff cycle including all operations below
3000 feet altitude, representing the times in modes typical of high activity
periods at major United States metropoliban airports.' With this aporoach, the

time and basic engine operating modes came out as listed in Table 31.
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Table 31 ITO Cycles for Emission Measurements

Powar Mode EBngine Clasgs

TL, P2 T2, 3, 4 TS Fl1
Taxi out 19 min. 19 min, 19 min.- 12 min.
Takeoff 0.5 - 0.7 1.2 0.3
Climbout 2.5 2.2 2.0 5.0
Approach k.5 .o 1.2 6.0
Taxi in 7.0 7.0 7.0 4.0

With the goal of producing numbers as meaningful ag possible for relating
to the emission burden at airports, along with minimizing the nuﬁber of engine
clagses, 'mass pollutant per thrust-hour over the LTO cycle" was adopted as
the unit for expréssion of emigsion data in the EPA standards. As the note on
Table 32 indicates, this unit is interpreted to fit the mode of pover extrac-
tion for turbojet, turboprop, and piston engines.

Gaseous emission standards are scheduled to become effective for 1979 on
all newly produced engines, and more stringént 1981 standars will apply to
advanced-design, newly certified engines after that date. However, only the
large turbine engines will be affected by the 1981 change. Table 32 lists
the specific requirements applicable to all engine classes for engines newly
manufactured after Januvary 1, 1979. The standars, as applied, refer both to
the newly produced engines and to these same engines during their service life.
It is expected that testing will be carried out at normal overhaul periods to
demonstrate compliance. In Table 32, HC is "hydrocarbons", CO is "carbon
monoxide", and NO_ is "oxides of nitrogen". -

As mentioned earlier, the requirements applicable to small turbojet
engines are more lenient than those applicable to larger‘enginesb because of
less available technology, small markets and lesser poltlutant impact. For
Class T5, engines for supersonic propulsion application, the standards are
bresently in the proposed rather than fully promulgated stage. Consequently,

a range of numbers is shown.
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Table 32 Gaseous Emissions Standards

HC CO NOx

TL Turbojet/Turbofan -less 1.6 9.4 3.7
than 8000 lbs thrust

T2  Turbojet/Turbofan greater 0.8 .3 3.0

than 8000 1bs thrust
(except JTED and JT3ID)

T3 P&W JT3D 0.8 b3 . 3.0
Th  P&W JTED 0.8 h.3 3.0
TS5  Turbojet/Turbofsn Engines 3.0-4.7 20.0-24.7 6.9-9.0
for supersonic aircraft
(proposed }
Pl Opposed Piston Engines 0.0019 0.042 0.0015
P2  Turboprop Engines . L.6 26.8 12.9

~

*NOTE: "T" Standards as: Ibs/1000 lbs thrust-hour/LTO cycle
"P2" Standards as: Ibs/1000 horsepower-hours/LTO cycle
"PL" Standars as: Ibs/rated power/LIO cycle

(In addition to these gtandards, a.standard for allowable emission of
visible smoke is specified, bub presents few chailenges for RPV-class turbine
engines and none for RPV-class piston engines.)

In all cases, the turbine engine standards are expected éo be met by com-
bustor modifications, fuel atomization improveménts, and possibly by water
injection. The piston-engine standards can be met by relatively minor changes
in air-fuel mixing and betber cooling. The much more extensive types of
changes being made to automobile engines marketed in the U.8. will not be
necessary because of the relatively small effect of piston—powered airecratt
on air guality.

Aircraft noise: As with the regulations on engipne emissions, most noise-
limit rules for aircraft{ are aimed at ameliorating the annoyance or health

problems of people at or near airports. (The rules that are intended to
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protect passengers and crew are, obviously, not relevant to RPVs.) The most
relevant rule for RPVs is the FAA rule, taking effect on February 7, 1976, for
small propeller aircraft. The standards set forth by that rule, as summarized

in Aviation Week & Space Technology, February 3, 1976, are:

o lNoise level for aircraft for which a type certificate was requested
after October 9, 1973-—which would include all RPVs—cannot exceed
68 A-level decibels (dBA) up to a gross weight of 600 kg (1320 1b).
The 1limit then increases at a rate of 1 dBA/75kg (165 1b) up to 82
dBA/1650 kg (3630 1b). The 82-dBA limit then applies up to 5680 kg
(12,500 1b).
o That limit drops to 80 dBA for aircraft weighing over 1500 kg (3300
1b) and for which a type certificate was sought after Janvary 1, 1975.
These sound levels are measured at 1000 £t (305 m) using a meter set to the
American Standards Association curve "A" frequency. response. Figure 14 shows
a typical RPV engine, the 1l-hp McCullough MC-101 , measured against these
standards. Other U.S. aircraft are also plotted, for comparison.

Hoise Level

@ 1000 ft LEGERND 2
(dBA) _ FAA Noise Limits
—— TI.C. after Oct. 9, 1973
vool -——-T.C. after Jan. 1, 1975
95} Existing Ievels
a
® one-engine .aircraft
O two-engine aircraft
Y B ..ETEL - @MC-101, simple muffler
] @ ®MC-101, larger muffler
Ny s 1 (1000 1b)
. [ I i - } -
o 1 z 3 + (1000 kg)

Maximum Weight

FIGURE 14 FAA WOISE LIMITS, WITH EXISTING AIRCRAFT COMPARED
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EPA-FAA Tnterplay: Both the EPA and the FAA are involved in regulating
aircraft environmental impacts. Section 231 of the Clean Air Act, as amended
by public law 91-60h4, directs the EPA Administrator to establish standards
for aircraft or aircraft engines. Section 232 directs the Secretary of Trans-
portation to issue regulatidns insuring that the standards are met. Public
Law 92-574, The Noise Act of 1972, directs the EPA to submit proposed regu-
lations for the control of aircraft noise and sonic booms to the FAA.

After receiving the first set of proposed regulations and reviewing them
o insure that basic alrcraft safety was not compromised, the FAA, after cus-
tomary hearings, issued Federal Aviation Regulation (FAR) Part 36 covering
noise standards. In addition, FAA Directive 1050.1A was issued stating FAA
policy and procedures for meeting the requirements of the MNational Environ-
mental Policy Act 1969 (WEPA). The directive also states the policy and pro-

cedures governing impact statements and negative declarations.

-

The role of the OSHA: OSHA emission and noise control regulabion 29 CFR
1910.93 and .95 are concerned primarily with worker safety in the ove;haul/
repair and flight-preparation mode. Emission cgntrol, therefore, is aimed at
the mandatory dissipation of carben monoxide and 'other noxious fumes while

operating the engine indoors. The general sound limitations under 29 CFR

1910.95 appear to be appropriate:
o Up o 90 dB - workers may be exposed up to 8 hours without ear muffs

o 90-115 dB- -~ workers may be exposed up to 15 minutes without muffs

o- over 115 dB - muffs must be worn at all times.
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The role of the states: The individual states, usually under authority
of their respective Public Utilities Commissions (PUC) enact state laws based
on Federal regulations, that further control noise as it effects the community
environment. The State of California, for example, under Department of Aero-
nauntics Title 4, Subchapter 6, "Noise Standards” goes into great detail in
describing tolerable Community Noise Equivalent Level (CNEL) and Single Event
Noise Exposure Level (SENEL) near airports. The state's primary concern is
for the effect of excessive noise within the Noise Impact Boundary (WIB) and
the land use within the NIB. Generally, CNEL is set at 65 dB for new airports
and military airports converted to civilian use and, with certain exclusions,
existing airfields will be permitted to operate at 70 dB until 1985. SENEL
is generally higher.

Regarding smoke and emission control, the states have no control them-
selves and defer to fedefal regulating agencies for aircraft emission. In
early 1971 the Los Angeles County Air Pollution Control District (APCD)
attempted to enforece smoke emission control regulations on aircraft operating
out of Los Angeles International Airport. They specified that no emigsion
could exceed a Ringleman 2 Scale (visual) reading. A federal court decreed
that the APCD regulation was uninforcible under the original act (k2 USC 1857
as amended by PL 91-604) and all complaints were quashed. This decision,
under 42 USC 1857 (P-11) makes it clear that neither states nor subdivisions
thereof can control aircraft emissions unless their control is identical to
federal standards.

Environmental comparison of RPVs and present methods. - The present or

potential non-RPV methods in the 35 defined civil uses involve conventionally
manned aircraft in an overwhelming majority of cases. In those cases, there
appears to be no environmental disadvantage to RFVs. In fact, the generally

smaller size of RFVs implies a lesser environmental impact, albeit negligible.
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There are two of the defined uses in which RPVs are at some environmental
disadvantage, although again the disadvantage appears negligible. The first
is in the security of high-value property, in which the non-aircraft alterna-
tives to RPVs are fixed television surveillance and increased ground patrols.
These alternatives are not economic except in special cases, but they are
quieter than RPVs. RPVs designed for this use will require quieting for
operational stealth, and this quieting will more than satisfy environmental
concerns. )

The second is meteorclogy, in which use weather balloons are certalnly
quieter than RFVs. However, weather stations tend to be located either at
remote areas or at airports. Thus, the concern with RPV noise if minimal.

In summary, no idication has been discovered that RFVs will cause an
adverse environmental impact compared to alternatives.

Safeby requirements and criteria. - There are presently no regulations

that apply specifically tg REPVs, The closest analeogy to RPVs now in wide-
spread use gre the popular radio-controlled model aircraft that are flown as
a hobby. They are not regulated, but the national model assd&iations have a
voluntary cocde of safety rules which their members generslly obgerve. Such
an informal situation can not be expected to gpply to RPVs in civil uses in
the civil airspace.

The areas of concern about RPV safety are collision avoidance, unplanned
descent, and maintaining positive control. These areas and others were dis-
cussed with headquarters personnel of the FAA Western Region, with the objec-
tive of understanding the basie principles and key concerns that apply to
developing safety requirements and criteria. The next few paragraphs give
the highlights of those discussicns. None of the comments or suggestions here
should be taken as official FAA policy. Rather, they should be viewed as
thoughtful comments by knowledgeable people who are experienced in promobion
and regulation of civil aviation.

Collision avoidance: Lsights and paints should be used to enhance visi-
bility, but do not completely solve the problem. In qpecial emergency sibu-
ations such asg oil spills, forest fires, and natural disasters, Temporary Restricted

Areag (TRA) can be established. Air traffic is directed not to enter the TRA,
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but pilots occasionally wander in. Also, special military operations such as
firing on aerial gunnery ranges use radar and observers to loock for traffic
entering the range. They halt the operation until the traffic is clear of
the range. Neither of these special situations is a good model for most
civil RPV operations.

If the RPV operates in air space where all traffic is controlled (e.g.,
above 18,000 ft) the RPV must use a beacon transponder and communication
with the ATC. In these circumstances the RFV would be controlled exactly as
any other aircraft, and the operator would have to be as knowledgeable and
well qualified in ATC procedures as a pilob aboard any conventional alrcraft.

Unplanned descent: The probability of casualties from an unplanned '
descent must be very low. One analogy if the reliability regquirement for
automatic landing systems. The FAA requires that their probability of failure
during the few seconds between irrevocable commitment and touchdown be no
more ‘than 10-9. Note that RFVs may not have to meet such stringent hardware
requirements, since the likelihood of casualties from an RFV failure is much
lower than from failure of an automatic landing system. Howéver, to be certi-
fied, RPVs will have to have at least the reliability and redundancy that
mamned aireraft have, e.g., dual ignition systems. Reliability will.be .one-
of the key capabilities to be demonstrated during éystem development.

If the consequences of an unplanned descent can be made tolerable, the
allowable probability of such an event will be correspondingly higher.

Positive control: The reliability comments above apply also to the
command link. Redundancy aﬁd sutomatic features for reestablishing the link
will be required. Tt was also pointed out that the command and data links
will need licensing by the Federal Communications Commission as well as the
FAA.

Safety comparisons of RPVs and present methods. - As was noted above in

the environmental comparison of RPVs and present methods, the great majority
of present.methods involve the use of conventionally manned aircraft, so the
main safety comparison is with them.

The fundamental prineciple of aircraft collision avoidance is "see and be

seen”. This principle, which applies even under instrument flight rules (IFR),
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causes the greatest safety concern for RPVs. The on-board pilot is the safe-
ty advantage that a conventional aircraft has over an RFV, and his absence is
a, safety challenge to RFV éystems. Although RPVs can readily be made as
visible as conventional aircraft of the same size class, the problem of making
them "see" other aircraft at an acceptable cost has not been solved. Other
approaches to collision avoidance must be used, énd~are discussed in later
sections.

With respect to unplanned descent, the generally smaller size of RFVs
makes it easier to devise systems to slow the descent and tends to minimize
the damage due %0 impact. There is no inherent reason why RPVs should have
more such emergencies than conventional aircraft, except for the possibility
of losing the control link. This possibility of losing the link through elec-
tronic failure is the second safety challenge for the RPV developer. Fortun-
ately, it is tractable through straightforward engineering.

One significant point that is often overlooked in comparing RPVs and con-
ventional aircraft for safety is that the danger from unplanned descents is
overwhelmingly borne by the occupants of the airecraft. ) ‘

Table 33 shows the total number of small fixe&-wing gircraft and rotor-
craft accidents, and the resulting fatalities and injuries, for 1969-72. The
figures are taken from the National Transportation Safety Board's annual stat-
istical reviews. In the four years covered, over 100 million hours of flight-
time were accumultated in small aircraft, and 18,018 accidents were reported.
There were 7833 fatalities or serious injuries to persons aboard the aircraft
and 145 to persons on the ground. Only about one accident in 125 killed or
injured someone on the ground, whereas aboubt four oubt of every ten accidents
killed or injured someone aboard. Over 90% of all general aviation aircraft
accidents occeur to small fixed wing airplaneé, the majority of these during
some phase of pleéasure or other non-commercial flying activity. The most
frequently cited cause of fatal accidents is some form of pilet error, such as
flying into adverse weather conditions, failure to obtain or meintain flying
speed, inadequate preflight planning, poor judgement, etc. )

The largest number of commercial small aircraft ;ccidents occurred during

agricultural aviation flight operations. Table 34 lists the number of
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'TABLE 33 - AVIATION ACCIDENT SUMMARY
1969 1970 1971 1972
SMALL FIXED-WING ,
ACCIDENTS (ALL TYPES) 4,406 4,347 4,307 3,031 -
FATALITIES ABOARD 1,238 1,19 1,263 1,279
FATALITIES ON THE GROUND Bl 8 11 35
SERIOUS INJURIES ABOARD 627 610 668 610
SERIOUS INJURIES ON THE GROUND 8. 18 14- 1
ROTORCRAFT § ‘
ACCIDENTS (ALL TYPES) . 273 264 245 . 245
FATALITIES ABOARD 5 - 29 30 64 -
FATALITIES ON THE GROUND. 1 3 5 2
SERIOUS INJURIES ABOARD 36 2 34 &
SER10US INJURIES ON THE GROUND 4 6 2 0
TABLE 3k AGRICULTURAL AVIATION ACGIDENTS
SEP
D 1972 1973 1974 107
o ACCIDENTS 346 378 438 388
o FATALITIES - 39 29 28
o INJURIES. - 35 54 3
o AIRCRAFT DESTROYED - 78 112 110
e SUBSTANTIAL DAMAGE - 268 301 269
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agriculbural aircraft accidents and the resulting deaths, injufies, and
damages from 1973 through October 1975. These include both fixed-wing and
rotary-wing airvcraft. There is no indication that any of these accidents
resulted in casualties to persons on the groudnd. _Property losses, especially
destroyed or damaged aircraft, however, are very high. Interestingly enocugh,
the rate of death or injury is only 0.18, or less than two out of every ten
acecidents. This is lesgs than half the rate for general aviation as a whole
and may reflect the fact that there is ordinarily only one person aboard.

During the four year period 1971-1974, there were 114 midair collisions
between U,8, civil aviation aircraft; 63 of these accidents resulted in 213
fatalities, only one of which was a person on the ground. ’

If any inference may be drawn from these data, it must be that hazards
to life and property on the ground because of sméll~aircraft accidents is

indeed minimal.

Safety analysis and system features. - The system feabures to respond to
safety concerns about RPV systems are discussed under the three subjects of
positive control, collision avoidance, and unplanned descent:

Positive control: Features to ensure positive control include back-up
systems 6r redundancy., means of reestablishing a lost control link, and pro-
tection from electromagnetic interference (EMI). They generally require no
more than good engineering practice rather than .technology development, so -
they are discussed only briefly.

Back-up systems and redundancy are self-explanatory and inclule such
things as an ordinary manual radio-control system to take o;éf in case of
antopilot failure near the takeoff and larnding site and an auxilliary power
supply in case of electrical power failure. They also include switchable or
parallel redundant components in the ground station and airborne portions of
the data an control link.

Reestablishing a lost control link is reguired in sifuétions such as a
temporary failure of electrical power to the ground station. When power is
restored, the task is to pubt the mein lobe of the ground antenna pattern on
the RPV and synchronize any signal coding that may be used for EMI resistance.

Synchronization, if used, is readily incorporated into the link circuits, and

109



the job of putting the main lobe on the RPV is made manageable by programming
a "lost link" maneuver such as a tight climbing turn into the RPV so that the
volume of sky that needs to be scanned about the last known RPV location is
kept small. The lost-link maneuver must also include a provision for safe
descent if the link is not reestablished. (Seé the discussion of unplanned
descent below.)

EMI protection is achieved by operating on assigned channels to minimize
exbranecus signals and by coding the command signal uniquely:for each REV so
that the RPFV ignores commands intended for other RPVs. This kind of provision
can be routinely bullt into encoder/dgcoder circuitry. The more complex anbti-
jam techniques of military-RPV command links are not required for civil RPVs.

Collision avoldance: TFeatures for collision avoidance are discussed
under the four subjects.of visibility,‘precise knowledge of location, air
traffic control (ATC), and operation in assigned airspace. A fifth subject,
active detection of non-cooperating aircraft, is touched briefly.

Visibility for RPVs will be provided the same way as for other aircraft,
i.e., with paint, highly reflective surfaces, and lights. Available lights
include the usual red, green, and white running lights, high-intensity strobe
lights, and other flashing lights. There are other possibilities, such .as
trailing a colored smoke plume, which may make sense in temporary, short-
duration situations but which are not acceptable. environmentally or practi-
cally for sustained use.

Precise knowledge of location in three dimensions is an impoxrtant adjunct
to other, procedural means of collision avoidance such as operafing at assigned
altitudes or in restricted alr space and in avoiding airspace that is liggly
to be congested. Fortunabely for the cause of safety, precise knowledge of
position will be provided, in most cases, for routine control of the RPV and
for proper performance of the mission. In those few uses that do not require
precise navigation, collision avoidance may require that it be provided any-
way. (Navigation ig discussed above in the system conceptual designs and in
Appendix F.) . ‘

The picture with respect to ATC is fairly encouraging for RPVs., The FAA

is pursuing a comprehensive plan for a National Airspace System. It is
s
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expected to evolve through an crderly series of development and implementation
steps to'a point in the early- to mid-1980s, by which time a network of ground
computers and ai%borne transponders and displays will provide separation-
assurance service to general-aviation aircraft in uncontrolled airspace. The

network will include, and grow from, the present ATC system that serves air-

craft in controlled airspace now. The March 15, 1976 issue of Aviation Week

and Space Technology carries a by-line article by Failip J. Klass that gives

a good overview of the planned evolution.

The cost of the airborne portion of the system is estimated to be about
$2000, compared to the $600~700 cost of the present collision-avoidance system
transpénders now on approximately 60,000 U.S. aircraft. For this reasonable
cost, and with the necessary modifications to put the cockpit display on the
ground-control console and provide communications between the RPV operator and
the cognizant ATC center, RPVs can enter the airspace on the same operational
basis as conventional aircraft, Wi%h the single exception of the lack of an
airborne pilot to provide'visual backup to the automatic systems.

One way to minimize the danger of collision between RPVs and other air-
craft is to assign restricted airspace to RPVs and try to keep other aircraft
out. Except in limited and specialized situations, this is not a desirable’
approach. Most of the missions for which RPVs appear promising do not lend
themselves to this approach.

The last item for discussion under collision avoidance is the possibility
of providing the RPV with means for debtecting and locating non-cooperating
aircrafb, i.e., aircraft without transponders. Two basic possibilities are
active radar and imaging sensors such as TV. No present or planned systenm
has been discussed or devised in the course of this Study  that promises b
acceptable cost, but follow-on studies of RPV safety should pursue the possi-
bilities. Of the two possibilities, radar appears to be the more promising.

An effective system at an acceptable cost would be a breakthrough in allowing
EPVs to operate in a see-and-be-seen environment.

Unplanned dgscent: IFeatures for minimizing damage to people and property )
on the ground in case of an unplanned descent fall'in%o two categories—systems
to control the landing point and systems, to slow the descent. 1In both of these

areas, the problems are tractable.
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With regard to controlling the landing. point, the problem is to get the
RPV to as sparsely populated an ares as'possible for ité larding and to bring
it in as nearly vertical as possible, to confine any daﬁage to the smallest
area. Two situations are of céncern. The first is when the control link is
lost but the RPV can still fly normally. In that case, the preprogrammed
1ost-link maneuver would include a .timer that would give up the effort to re-
establish link after a predetermined pericd and would activate a second
maneuver. This second maneuver would be to ftake up a planhed heading and fly
by dead reckoning toward a sparsely populated area. For example; if an oper~
ation is being corducted in a coastal region, the maneuver might be simply to
fly out to sea. In other regions, the maneuver would be to fly to the legst-
populated area within range. During normal operations, while the control link
is intact, the lost-link maneuver would be updated as frequently as necessary
to reflect changes in the RPV locaﬁion and the relative location of the emer-
gency landing area. )

The second situation of concern is a failure in some subsystem (e.g., an
engine failure) that precludes extended flight. In this sitﬁation, the only
landing-point control might be to cause as steep a glide path as possible so
as to confine damage. If emergency recovery systems to slow descent are used,
they will accomplish this steep path, but even in their absence some things
can be done so long as back-up power is available to move the control surfaces.
One possibiiity is a_deep-stall recovery, in which the elevator is locked in
a hard "up" position, perhaps 80-90°. If the wings are kept level to prevent
a spin, the RPV will descend steeply Iin a series of stalls. - Ancther possibil-
ity is to lock the ailerons in a hard-over (90°) posJition, causing high drag
and a near-vertical spiral Lo impact. For a helicopter RFPV, near-vertié;l
autorotation can be used, although that is discussed below, under "slowing
the descent'.

Even in the lost-link situation discussed above, the final descent into
the chosen, sparsely populated area shoﬁld be made by the steepest (and slow—
est) means possible. ‘ )

A number of concepts are availlable for slowing the descent of an RFV.

Five are discussed here: Magnus Effect wings, a stowed-rotor system on
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fixed-wing RPVs, autorotation of helicopter RFVs, autorotation with pitched
wings (called the Spin Recovery System), and parachute recovery. The objec-
tive is to slow the impact speed to about 20 ft/sec (6.1 m/sec), which is
equivalent to a free fall from about six feet (two meters).

Magnus Effect wings: The Magnus Effect is the name given to the prin-
ciple that 1ift is generated by a rotating body in an air stream due to the
difference in relative speed,on opposite sides of the axis of rotation,between
the air and the object. It makes a baseball curve and also gives lift to a
wing rotating about its span. This effect can be used to slow the descent of
an RPV. In normal flight, the wings would be locked in position. In an emer-
gency, the entire wings or the outer panels would be unlocked. They would be
given an initial spin in the desired direction about the axis of rotation
and/or the ailerons and some auxilliary opposite surfaces would be deployed.

Since the lift force is perpendicular to the relative wind, vertical
descent is not possible. The steepness depends on the amount of drag, the
weight of the RPV, how much of the wing is allowed to rotate, and the co-
efficient of 1lift. The coefficient of lift of unpowered Maghus Effect wings
is variously reported in the literature as being in the range of 1.0-2.0.

The design tradeoffs, mechanization, and stability and control character-
istics of Magnus Effect wings for RPVs have not been investigated in this
study. However, the subject appears to be a fertile one for exploration,
especially if the rotation is powered so as to obtain the 1ift coefficients
approaching 10.0 that are estimated in the literature, in which case the
approach holds promise as a STOL launch-and-recovery technique.

Stowed-rotor: The technique of deploying a st&wed rotor for near-vertical
landing of a fixed-wing RPV has been demonstrated by IMSC using a radir-
controlled model. The model, shown in Figures 15 and 16, is the commercially
available "Ugly Stick" model, which has a wing span of 58 in. (1.47 m) and
weighs 10 1b (4.5 kg). Various disc loadings, rotor-blade airfoil sections,
and rotor blade pitch were investigated in more than 60 flights. Successful
deployment, spin-up, maneuvers as an autogyro, and landing with no ground

roll were demonstrated and recorded on moving picture film.
The design work necessary to get an accurate estimate of the weight of
stowed-rotor systems for larger RPVs has only begun. However, the relationships
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FIGURE 15 STOWED ROTOR DEPLOYED (DEVELOPMENT MODEL)
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FIGURE 16 STOWED ROTOR IN STOWED POSITION (DEVELOPMENT MODEL)




among RPV gross weight, rotor size, and descent rate are known, and estimates
of the weights of the necessary deployment mechanisms can be estimated with
reasonable accuracy. Figure 17 shows, for example, that a stowed rotor to
slow a 150-1b (68 kg) RPV to a descent rate of 20 ft/sec (6.1 m/sec) would
weigh about 18 1b (8.2 kg).

With regard to recovery by autorotation of a helicopter RPV, the relation-

ships in Figure 17 hold true, but the weight curve does not apply; the rotor
is already a part of the RPV instead of an emergency system that is carried
along. Figure 17 can be used to estimate the autorotational descent rate of
helicopter RPVs designed for missions 1l and 2. Although their solidity ratio
is less than that assumed in Figure 17 , the effect is only to increase tip
speed. The autorotational tip speeds are still below the regime of excessive
drag. Interpolating on Figure 17 shows that the mission-1 RPV, with a rotor
radius of 6.7 ft (2 m) and a weight of 165 1b (75 kg) would have an auto-
rotational descent rate of about 22 ft/sec (6.7 m/sec).

The Spin Recovery System has been analyzed for recovery of the XMQM-105
Agquila RPV built by IMSC for the U.S. Army, and has been demanstrated with an
unpowered model. The calculations reported here apply to an RPV weighing

about 130 1b (59 kg). The intent of the original investigation was to recover

RPVs routinely this way, with a crushable-structure nose to absorb impact.
The Spin Recovery System utilizes the pitched wings of the RPV as a
rotor system. Recovery is achieved by transmitting a signal to the aircraft
which releases forward wing attachment pins by means of an electric solenoid

and commands a hard roll. The pitching moments gene;ated by fhe deflected

ailerons cause the wings to pivot 88 degrees in opposite direction about the

wing-feathering axis. With the wings pitched, 1lift normal to the longitudinal
axis is destroyed immediately, the aircraft noses down, and spinning about the

longitudinal axis, descends vertically at 28.7 ft/sec (8.7 m/sec) until impact

with the ground.

Should lower descent rates than 28.7 ft/sec be desired, rotor flaps as
shown in Figure A8 can be extended during the recovery cycle. One rotor
flap would be hinged on each wing and would be spring loaded. As the wings
are pitched to a -2 degree rotor pitch the flaps would be released and would
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fold to the position shown ir the figure. During flight the flaps would be
faired into the wing such that the top surface of the flap would form the top
surface of the wing. A rotor radius of 9 feet and a descent velocity of 20
ft/sec (6.1 m/sec) will be realized with the flaps extended.

The total weight, including the rotor flaps, is:

Reinforcement structure 8.7 lbs
Two electric solenoids 1.5
Two rotor flaps 9.3

19.5 1b (8.9 ke)

It should be recognized that some of the structure .required for the spin
recovery system must be incorporated regardless of what type of a recovery
system is used. For example, in any use that requir es the RPV Lo be trans-
portable, the wings must be readily détachable from the fuselage. . A two-
fitting lug attachment which will allow easy detachment will most likely
weigh as much as the feathering hinge, which will also allow quick wing
detachment.

Finally., the most conventional means of slowing descent.is a parachute
system. Figure 19 shows the weight penalty incurred by carrying such a
system. o .

In summary, emergency systems to slow descent o 20 ft/sec (6.1 m/sec)
can be incorporated for a weight penalsy (depending on RPV weight) of 6-10%
for a parachute, 11-14% for a stowed rotor or Spin Recovery gystem, an unknown
amount for Magnus Effect wings, and no penalty at all for autorotation of a
helicopter RPV. Some of these methods merit investigation as candidates for

ﬁrime V/STOL methods of launch and recovery.
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Legal and vegulatory implications. - The major concerns that give rise

to laws and regulations for aircraft are for the safety of people and prop=-
erty, both in the air and on the ground. Envirommental effects, particularily
noise and emissions, are the next-greatest concerns. Closely related to
these concerns are the questions of public acceptance, liability of RFV sel-
lers and users, and the insurability of RPV systems. All of these issues
were investigated in ‘the coufse of the study and are discussed hers.

In the discussions with FAA personnel, mentioned above under "Safety
requirements and criteria', it was found that there are no Federal Aviation
Regulations (FARs) that specifically deal with RPVs, Generelly speaking, all
existing FARs would probably apply to RPVs insofar as they are appropriate.
For example, noise and emission standards applicable'to manned aircraft woudd
also apply to RPVs.

In introducing RPV systems into regular use of eivil air space, public
apprehension will have to be allayed. A logical approach to doing this would
be to use RPFVs first in remote areas until a history of reliable, safe opera-
tions can be demonstrated. Another suggestion, only half faéétious, was to
sell the sysbems abroad first and build up experience in countries where the
governments do not ask their people's approval. If RPVs are (eventually)
used over populated areas for police patrol, public concerns for invasion of
privacy will have to be overcoms in addition 4o .the safety concerns. One
"plus™ for RPVs would be quieter opsration to replace manned police heli-
‘copters in this kind of work.

The question was raised with the FAA whethed regulations would be less
stringent 1f a person wanted %o operate an RFV only ;ver his oun propertg,
8.2+, for security surveillance. The answer 1s no, since "the man owns the
ground, but everyone (the government) owns the air above it". .

There are three main areas of regulation by the FAA that must be con-
sidered for RPVs. They are qualifications of operators, operating and flight
rules, and certification of equipment.

With regard,to gualifications required of an RPV_operator, ‘the approach
to take iz to start with the qualifications required of a pilot to operate a
manned aircraft in the use for which RPVs are envisioned, then subiract
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whatever gualifications he doesn't need because he l1s not in the aireraft.
The operating and flight rules are the arsa in which there is the least guid-
ance to be had from expsrience with conventional aircraft. The sum of pre-
sent thinking on the subject, which 1s not very extensive as yet, is given
above in the section on "Safety requirements and criterial.

Certification: Certification is official acknowledgement that a manu-
facturer has complied with a set of sefety rules. For a conventional air-
craft, the rules are found in the Federal Aviatlon Regulations, They deal
with alrworthiness, design, quality assurance procedures, operations, and
flight. For RFV systems, new rules will have to be developed.

The first step is for the manufacturer to develop and propose the set
of rules that should apply to his new system. To do this, go element by
elesment through the planned system to see what could endanger people or
property. Change the system or devlse a ruls to eliminate each danger. This
gets you a draft proposal to give to the FAA. The FAA works With:this pro-
posal in preparing the "certification basis" to be presented at a formal
meeting with the manufacturer. (It is important to note tha% it is up to
the manufacturer to work his way through the FARs and see what applies. The
FAA will add whatever it thinks he has missed.)

The next step 1s the formal meeting between the FAA and the manufacturer
at which the FAA lays out the certification basis (i.e., rulés to be satis-

" fied by the system) and the manufacturer gives his developmdnt plan and
schedule, The develomment plan provides for’ EAA partlcipation throughout
the process. ,

The next serles of steps consists of many discussions and data exnh$nges
with the FAA during the design and development. The manufacturer and the FAA
work closely together to see that the airworthiness and design rules are
satisfied.

The next step is the preflight meeting before the first flight. At this
meeting, the FAA lssues the Type Inspection Authorization (TIA), which in-
Structs its inspectors and monitors as to how the flights and inspections in
the flight test program are to be conducted. When the flight test program
satisfactorily demonstrates full compliance with the certification basis, a

122



"earemonial' meeting called a Final Type Board is held, and a type certifi-
cate 1s issved to the manufacturer. This completes the certification process.

With a knowledgeable team, certification of a small aircraft takes no
more than two years from the first formal meeting to %he Final Type Board.
Add to thls whatever time is required to develop a proposed set of rules for
the certification besis. NASA can aid the certification process by support-
ing system studies end developing and demonstrating technology,. especially
in areas related to safebty and reliability., Beyond that, neither NASA nor
any other agency (e.g., a potential user) should insert itgelf into the work-
ing relationship between the FAA and the manufacturer. That tends to lengthen
the process instead of expsditing it.

If there were an overriding public interest, a public aircraft (RPV),
i.e., one operated by a govermment agency for non-commercial purposes, could
be certified immediately without the formal procedure, but it would not be
certified for generzl use. . )

Other regulatory items: An envirommental impact statement will be re-
quired for any system proposed. It doesn't look like a problem for most RPV
uses. Also, the Federal Gommunications Commission (FGC) will have to license
‘the data and control link for RPV sy.;l'bems and allocate frequencies for their
operation. Since the cost of data link equipment is related directly to fre-
quency, it is important to apply fof an allocation-as soon as possible in
order to get the lowest available frequencies, which now are probably in the
upper end of the UHF band.

Insurability issues: In order to understand the liability and insura-
bility principles related to RPV systems operated rdﬁtinely in civil ai;;
space, especially by non-government users, discussions were held with rep-
resentatives of four aviation insurance underwriters. A summary of the
principles follows.

. The two keys to Ilnsurance are the probablility of occufrrence of acci-
dents and the monstary damages that arise out of accidents that do occur.
These two things,are determined by statistics when th?re is enough operating
history built up, but must be estimated for a new system or operation. The
tendency is to charge a conssrvatively lgrge premium gt first, then adjust
it as experience is gained and statistics become available.
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Underwriters basge their rates and the user's conbtinued insurability on
a number of other things that influence the probability of accidents. First
of all, they want to see a rigorous certification process and a demonstration
of the reliability of the equipment as designed. Then, they want to see com-
petent manufacturing processes with high repeatability and good quality con-
trol, augmented with thorough after-sale service and maintenance. They also
want to see high standards for operator selection, thorough operator training
and licensing, and a set of duties and procedures that minimize the complex-
ity, stress, and fatigue of the opsrator’s duties. In addition, they like to
see regulatory standards and certification procedures thét give them confi-
dence in.the uniformity and predictability of both the operation and the
equipment performance. ' ‘

With regard to monetary damages, exposure is strongly influenced by the
legal climate in which the system operates. The legal climate consists of
legal 1imits to liability, restrictions on bringing suit, ete., as well as
controls on other aircraff, restrictions on air space, and rules governing
rights of way and air traffic control. This legal climate will be a strong
factor in determining cost and availability of insurance,

Another factor, also related to exposure to damages, is the operating
area, Operating over congested urban areas having a lot of air traffic (eege,
in & city near an airport) is the wérst cage, and operating over rursl areas
with very little traffic is the best case. The underwritera suggested that
we congentrate on early uses in the latter category until experience is
gained and reliability is demonstrated. b

They said it is too early to try to establish a cost of insnrance, hut
ventured & rough guess that $50,000,000 liability coverage might cost $10,000-
$15,000 per RPV per year, at first. This is obviously a low-confidence esti-
mate at this time. They also said that we should assume that RPV insurance
would bs svailable to large corporations as a part of an overall insuvrance
package, but that an individual (e.g., crop-duster) would have a hard time
gotting insured Pntil a lot of experience had been bullt up in RPV operations.
They would alsgo like to see a lot of systems in use, so the "law of large
numbers" can begin to apply, before good rates could be set. (The system
cost comparisons in the cost~benefit analyses, in earlier sections, assumes
mature systems and RPV loss experiences sgimilar to conventional aircraft,)
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Market Analysis

This sechtion discusses the potential demand for RFPVs in the civil sector
and the issueg involved in integrating RPVs into that sector. By their veny:
natures, both‘topics contain a large measure of speculation. No pretense is
made here of a definitive treatment of either, but it is believed that a
promising potential demand is indicated and that certaln necessary steps by

government and industry are identified.

Market size and market share. - Two approaches are taken to this subject,
and the results are compared. The first approach is an independent survey by‘
the IMSC Marketing staff, based on many telephone calls and interviews and a
literature search. This was in addition to the survey reported above under
“Market Survey”, which formed the basis for the second approach. . The indepen-
dent survey by the Marketing staff is described first. The very Qoluminous
data and impressions gathered are only briefly described. )

Table 35 lists the 9 applications that were selected from the total 35
defined in the study and shows the estimated count that could be sold in the
1980-85 time frame if safety, reliagbility, and regulatory considerations are
satisfied. The analysis was made by personal coptacts, phone-interviews, and
literature search by a member of the IMSC R& Division Marketing staff. The
same analytical criteria used in evaluating other new starts was applied To
the evaluation of data obtained in this portion Of the study;' The next few
paragraphs describe the derivation of the numbers inJTa.ble 35,

With regard to mission 1, the gross count for law enforcement organiza-
tions provided by the Law Enforcement Assistance Agency (LEAA), (20 000
departments nationally), plus the rounded figure of private firms (5000 firms
in 19 potential RPV user categories) was used for our gross population figure.
The probability-of-buy number was set at 30% because of the h;gh level of
interest shown by those interviewed. Our net figure (7500) is reasonable, .
congidering that 638 aireraft are now used by police &epartments alone and

many more are used privately by firms for. surveillance of their facllities.
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TABLE 35 PARTTAL GIVIL RPV DOMESTIC MARKET POTENTIAL

Igﬁg‘gﬂ POTENTIAL, NUMBER OF SYSTEMS
POTENTTAT, USE =
3| B| Bl Sovnn | svsorre 7 | sormmiz
A i
=
0 SMALL-AREA SURVEILLANCE
1. SECURITY OF HIGH-VALUE PROPERTY X (25 000 30 7-500
2. WILDFIRE MAPPING . X| 103 30 31
o LARGE~AREA SURVEILLANCE
3. WIIDFIRE DETECTION X
~ FEDERAL . 150 50 75
- STATE 205 50 | 103
~ PRIVATE 2 500 20 500
4. FISHING LAW ENFORCEMENT x| 100 50 50
'c LINEAR PATROL ~ AT
5. HIGHWAY PATROL e X|6 370 25 159
6.  PIPELINE PATROL X 663 30 199
o AERTAT, SPRAYING
7. AGRICULTURAL CROP DUSTING X \ 8 000 10 " 800
o ATMOSPHERIC SAMPLING -
8. STORM RESEARCH X 78 50 39
9.  METEOROLOGY Xx{ 258} _.s0 129
TOTALS f;3 hot 11 018
y
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With regard to mission 2; an arbitrary figure of 2 ﬁapping RPVs per
state plus 3 for the federal Boise Interagency Fire Center (BIFC) was con-
sidered to be conservative mnotwithstanding the interest
shown by wood-processing-company fire personnel interviewed. The 30% factor
reflects those states that have the least forested -area and never, or rarely,
use BIFC's services.

With regard to mission 3, the total gross figures were derived as follows:
a) Federal - Since the U.S. Bureau of Land Management (BIM)} and the U.S.
Forest Service together own and lease about 150 airecraft, with a large commit-
ment to Alaska, and have prime responsibility for wildfire detection in the
federal land area, the gross count for the 1980's was get at 150. The high
probability factor (50%), is used because of the high interest in RPVs
expregsed by federal interviewees. This figure is considered to be conserva-
tive comparing the number of RPVs to the land area owned by the federal govern-
ment (729 million acres, not counting the armed Fforces' land).

b) State - The 1l western states, who do not have as good a road network in
their forests as the eastern states do, could buy as many as 10 RPVs each, At
least half of the remaining 39 states could be expected to buy 5 ﬁPVs each.
The resultant gross count (205 units) is factored by a high 50% because of the
enthusiastic responseof interviewees to the RPV concept in this role.

c) Privé%e Sector - The figure for the 2500 member companies of the National
Foreet Products Institubte was used in.lieu of the 13 238 tofal Sic Code 2411
(loggers) count or the 696 total of logging firms with more than 20 employees
because of the Institute's rationale. The low factor (20%) ‘C(;mpensa,tes for a
limited poll sample size. The Fastern U.S. sector, where most of the logging
activiby occurs, appears to have more of a built-in reluctance to change .-from
manned aircraft and fire watchtowers than the West.

With regard to mission 4, 25 U.S. Coast Guard Air Stations are situated
in reasonable frequency along the coast line. They would bé ideal for logis-
tic support of an RPV network. This number, times 4 RPVs for each air station,
was used. The 3/Great Lekes Air Stations were left in the count to compensate
for possible coverage deficiencies such as nated in Alaska and Hawaii.

With regard to mission 5, the total :gross count (6370 RPVs) was derived -
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from the total of all aircraft used for law enforcement (870) added toc 5 per-
cent of the 261,000 police cars that could be replaced by air patrol (13 000
cars net). Since the sum of these two figures includes 7500 RPVs already
accounted for under mission 1, "Security of high-value property", this amount
was subtracted. Since only a small sample of uger reaction to the RPV concept
was obtained and most of the data came from a literature search, the probabil-
ity factor was set at 25% for conservatism.

With regard to mission 6, the total gross count (663) was derived from
the number of liquid pipeline companies (99) plus the number of gas pipeliners
(122) and an estimate of 3 RPVs per company. The factored figure of 199 is
reasonable when compared to the existing 300 aircraft estimated to be used for
pipeline patrol nationally.

With regard to mission 7, the 8000 gross-count figure came from the FAA's
figure for existing crop dusting aircraft. Since only a fraction of the
spraying is ultra-low volgme materigl suitable for our RPVs a low probability-
of-buy figure (10%) was used. '

With regard to mission 8, the total present number of NdAA and NASA
research aircraft (8 and 6 respectively) were used as a basis in deriving the
gross count of 78 RPVs. Based on our interview with key individuals at both
agencies, an increase of 6 times the pfesent manned—airéraft count was made %o
NOAA's figure and 5 times NASA's present inventory were applied to compensate
for projected new hazardous missions, such as flying into tdrnado funnels,
that would be institubed for RPVs when they become available. The 50% buy
factor is high because of the on-going interest in RPVs at boﬁh agencies for
special hazardous missions. J

With regard to mission 9, the 258 gross figure was summation of U.S.
Weather Service Balloon launching Stations (78), NASA's (3), and Department
of the Interior's (5), multiplied by 3 RPVs at each site. The high probability
of buy factor (50%) is based on the rationale that the weather sanpling commun-
ity has an existing interest in RPVs, thé annual cost of continuing the
present method (§5M) mekes a change attractive, and the improved capability of
an RPV (steerable) makes it very saleable in this application. (Note that no

satisfactory RPV system concept was devised for this use, despite the attrac-
tive possibilities for a suitable system that might later be devised.)
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The Marketing Deﬁartment survey Jjust deseribed gives oné set of estimates

of the potential demand, as shown in Table 35. BSelecting only those uses that

the cost-benefit comparisons show to be mest attractive, and including estim-

ates for promising uses for the rest of the 35, gives an estimate of demand

as follows:

1. B8ecurity of high-value property 7500
2. Wildfire mapping 30
Other small-area surveillance 270
3. Wildfire detection - 680
5. Highway patrol 1600
Other linear patrol ‘ 30
7. Agricultural Crop Dusting 300
8. S8evere-storm research Lo

Total 10,950 systems

The second approach, independent and deliberately more Eonservative,

developed the fqllowing numbers for the same attractive potential uses.

l. Security of high-value property

- 260 refineries x 40% = 100

- 300+ railrocad yards x 50% = 150

- 2200 offshore facil. x 25% = 550

- ?  industrial complexes 250
Subbobal 1050
2. Wildfire mapping 30
Other small-area surveillance 70
Fish spotting 200
3. Wildfire detection J 50
5. Highway patrol (20 large states x 10 each) 200
Other linear patrol {Border patrol) 10
7. Agricultural (4000 operastors x 10%) 400
8. Severe-storm research (4 centers x 5 each) _ 20

Tobtal

2030 systems

Considering!the uncertainties in estimating, one should not take any of

these numbers too literally.

However, either total estimate indicates that

the potential demand is adequate to justify a harder lock at the technologies
and the applications of RPVs in the civil sector.
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Integration and Entry Into the Market. Even when many federal, state

and local government agencies as well as consortia are already performing a
multitude of monitoring, surveillance and sampliné operations with manned air-
craft, there will be required a considerable and concerted effort to develop
and achieve accepbance of RPV systems for these same migsions. There is
enough inertia and conservatism in most user organizagtions to deter for a long
while the employment of a set of new ideas such as RPVs. The issues of safety,
operational flexibility, reliability and economies of operation compared with
albernate techniques all reﬁresen$ ¢onsiderable hurdles which must be overcome
before RPVs are readily accepied for nén-military uses.

Furthermore, the process of "developing" the market requires the involve-
ment of many institutions which must be netted together in an integrated and
cooperative manner before aésured geceptance of RFVs in the civil sector can
take place. As comparéd to the DoD military uses of RPVs, where the require-
ments, funding, R&D, production, training, operation and maintenance are all
sponsored by the "end user", evolution of RPfé for ‘the civil market will re-
quire the involvement of a mbre complex set of participants. This section
will discuss the participants, actions required and approximate time phasing
of'the process of entering RPVs, into the civil market.

The process is akin to the cgnceﬁt of a "Technology Delivery System"

( Reference 3 ), in which the network of institutions which must become in-
volved in bringing a new technology tq actual use in a market is identified
for an integrated "development" and "utilization" for that market. The insti-
tutions involved will vary depending on the end user of the: system (Federal
agencies, States or local government agencies, privéte firms or consortia},
but generally will involve

-~ R&D organizations

- manufacturing firms

- distributor/service-organizations

- lending institutions and insurance underwriters

- regulatgry agencies
During the conduct of surveys with potential users of RPVs, qualitative

agsessments were made of the likely willingness as well ag reservations which
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such users would have.in utilizing RPVs.for their airborne missions. The
general consensus appears to be that most potential users will have to be
shown (by analyses and demonstrations and government acceptance) that RPVs
will fruly benefit their missions and operations before they commit to pur-
chase RPV systems. Certain incentives may have to be employed along the way
to entice progressive trials and introduction of RPVs into the civil market.
Some examples are provided ir the following sections.

Participants and actions required: For the purposes of this market
entry discussion, the assessments will be made according to the issues
peculiar to the three main classes of end users. For the nine generic RPV
applications chosen for detailed analysis in this study, the end user mix

would probably evolve as shown in the following table:

Mission Bnd User
State or Private
Federal Local - Firm
Govi. Govt. cr
Agency Agency - Conscrtia
Wildfire Detection x X X
Wildfire Mapping X p:4
Fishing Law Enforcement X X
Severe Storm Research x
Meteorological Sampling X X

Highway Patrol

Security-High Value Property X x

Pipeline Patrol

Apricultural Spraying X

For each application and user, the various institutions noted previously .
will become involved, and there also may exist separaté organizations to oper-
ate the RPVs for the sponsoring user. Table 36 lists the most likely candi-
dates for each of the participating institutions, and a few observations about
each category follows.

Operators of RPV equipment: While some end users may have their own

Tunctional department to operate the RPVs (police departments, Coast Guard,
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FBT, etc.) many others may obtain the mission function by contracting to spe-
cigl private firms who historieally provide on-call services and who possess
the hardware to perform the service (e.g., aerial mapping firms, crop dusting
firms, fire fighting aircraft firms). In other instances the end users may
purchase and sustain the RPV equipment, operating it from their premises, but
purchase the services of trained operators and maintanance engineers. Con-~
versely, The end user may retain onboard staffs to operate and maintain the
RPVs, while leasing the actual hardware from a distributor.

For each of these cases, the role of the operator will have to be assessed
later with regard to his involvement in warranties, promotion, servicing, and
operational specifications. ‘

Distributors of RPV equipment: The prime manufacturer of the RPV systems
may often perform his own distribution, marketing and service of the produc-
tion hardware. This would typically involve promotion of improved mission
payloads, upgrading of equipment over its life span, and responsibility for
warranties and spares. Conversely, the manufacturer may license his RPV
system product To a specialized distributor firm, such as the network of
general aviation or avionics distributors that exist. He may alsc find that
the immediate customer is one of the separate operating firms who provide
aerial services and equipment to the end user.

The roles of these different classes of distributors will vary consider-
ably in the evolution and entry of RPVs info the eivil market. Special
attention will have to be given t¢ their involvement in financing, promotion
ahnd warranties.

Manufacturers: Because of the need for a highly integrated implementa-
tion of many technologies to arrive at effective RPV systems, it is expected
that the éuccessful manufacturers will come from the mainstream of "aerospace”
system firms, especially those with majdr expertise in electronics, data
management, interactive displays_énd software. While many subsystems of the
total RPV system would be procured from specialty firms as suppliers, the
integrated and operable total system is the entity which must pass the test of
certification, warranties and system effectiveness. To meet these require-

ments, it is expected thet interdisciplinary aerospace firms will become the

133



prime manufacturers, and most probably from those firms who are most active in
the DoD military classes of RPVs.

Research and developers: Many organizations have been or will become in-
volved in the research and development of RPVs for civil use. As needs and
benefits for RPV use evolve, and the institutional network of funding sources
and incentives emerge, then.all .of the classic sources of R&D participants may
expect to become involved.

Extensions of the ongoing DoD funded R&D for RPVs will enbice the existing
DoD laboratories, aerospace firms and subsystem firms to investially partially
in R&D to enhance their chances for a long-term role in civil RPV applications.
Government laboratories in NASA, EPA, ERDA, Interior and Justice Departments
can be expected +to conduct inhouse R&D as well as contracted R&D for special
mission issues or equipment improvements within their expertise and charter.

Universities and not-for-profit firms, especially those who already have
well established grants or contractural arrangements with federal or state
government agencies, can be expected %o be invoived in portions of the R&D
process.

The actual mix of R&D participants will depend heavily on the sources of
funds and the promotion role played by the participants. On the expectation
that a large and sustained promotion for RPV acceptance in civil uses is re-
gquired, then the principal R&D participants will find that it is thelr chore
to provide much of the operabtions analysis, generation of specifications,
cerbification criteria, prototypé demonsgtrations, sales promotion campaigns
and interfaces with regulatory agencies, as well as the constant interaction
with eventual end users. For such a multi-year endeavor it may be expected
that the larger aerospace firms are among the few R&D participants who can
shoulder this complex set of responsibilities. Exceptions may develop when a
particular end user establishes on his own a strong need for an RPV system,
and commences to fund the developﬁent, production and distribution of the ,
gsystem principally on his own initiative. Such cases are likely to be rare
for the next decade. .

Financial sources: The evolubion an& employment of civil RPV systems

will involve numerous participants. BEven with governmental agency charters
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established to perform various of the nine generic missions, those agencies
are likely to have to go to their legislators for special funding suthority
during the early period when the perceived risks of ubtilizing RPVs is high.

Funding of the major tasks of system R&D will likely remain a federsl
government agency challenge until several versions of RPV systems are deployed,
acceptance is assured, and private capital can be atiracted to the market.
Even for stafte and local government'users of RPVs, who seldom fund advanced
malti-discipline R&D of the class required, there will be a need for Federal
agency sponscrship and funding for many years to come,

Lending institutions will have to be motivated to share the risk of eivil
RPV development, production, distribubion and warranties. Funding institubtions
may also become invelved in warranty provisions, user payment schedules, and
licensing provisions.

Insurance underwriters will become involved in lisgbility protection, and
may have a voice in certification criteria.

Industry independent research and development (IRAD) funds and/or private
capital will undoubtedly be required for priming the pump toward progressive
development of civil RPVs. However, such funding will most likely come forth
only in consort with strong evidence of'pending or parallel financing by the
government or othér civilian sponsors. Incenbtives for such funding are dis-
cussed. in the next section.

Regulatory agencies: As discussed in an earlier section, the environ-
mental and safety aspects of RPV operations in civil air space will certainly
involve participation by at least the FAA, FCC, EPA and state or local agencies
involved in codes and regulations, BSuch ingtitutions will become involved in
determining operational and technical parameters which feed into specifications.
The FAA will be particularly involved in approving certification criteria and
the actual certification of equipments for most cases of RPV use. Since many
of the RPV uses will involve governmental agencies as sponsors and users,
these regulatory institutions will also become involved in intra- and inter-
governmental agency negotiations of operational constraints and liability
responsibilities. For example, should RPVs of certain types require real-time

interaction with air traffic control, or ubilize navigaticn nets and collision
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avoidance provisions alsc used by gensral and/or commercial sviation, then
the FAA, CAB and FCC will all have a substantive participation in the oper-
ation and safety compliance of civil RPVs. Detalls of how those interactions
shonld be planned for and implemented are beyond the scope of the present
study. Theywarrant detailed consideration before RPVs are developéd for
civil applications. '

Actions required of participants: The complexity of integrating the
many participante into a cohesive team to bring RPVs to the c¢ivil marketplace
is charaéterized in Figure 20 . In this matrix chart, the simultaneous in-
volvement of several of the participdfing institutions is shown for several
of the key actions or steps toward implementation. The connections are noted
at this time principally to suggest that the development of this market will
often become more difficult than usual DoD or NASA development and acquis-
ition of new systems. There will be more institutions involved in any one
action or decision process. There will be complex interweaving of the push-
and-pull amongst participants. Resolubtion must be achieved as to which
institutions generate the several actions, which fund each action and which
must approve each action. The double XX entrees in the chart suggest those
participants which must originate, carry out and approve each action. The
single X entrees suggest additional particiﬁants who must become involved in
at least a supportive role.

From this qualitative assessment it is reasoned that the prime manufac-
turer of the RPV system will find himseif shouldering the main responsibility
for creating and implementing the civil RPV market. This responsibility can-
not be assumed unless there are clear indicators that such a market has profit
potential: Which reasoning leads to the likely requirement for incentives to
such manufacturers to commence this market development. X

Incentives for progress: Because first—generation civil RPV systems will
face considerable risgks in terms.bf

- safety provisions reguired

- certification steps and costs

- regulatory constraints yet to be defined
- marketing and distributions
- werranty and insurance provisions and costs,
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considerable attention will have to be given by the early Federal agency
sponsors and the aerospace industry to incentives for distributing these risks
amongst parbticipants. Examples of incentives are shown in Figure 20, and
they are discussed briefly here.

Federal R&D funding: Until military RPVs become fully operational in
several classes, it is unlikely that private firms or state and local govern-
ment agencies will entertain RPV uses unless they are essentially identical to
the military equipment. Fven then, there is a strong likelihocd that oper-
ational requirements will differ for the civilian use, and regulations, safety
criteria and measures of cost/effectiveness will be different enough to cause
additional R&D to take place. It is therefore jundged that the logical first
applications of civil RFVs will arise for other Pederal agency users, vhose
charters and missions meet national needs which warrant the expehse of further
R&D to meet those needs. By Tocusing on such Federal agency applications,
there is more likelihood of Justifying and acquiring the funding necessary to
support both government and private developers.

Federal loan guarantees: As the Federal agency uses of RPVs emerge, the
state and local government applications may flounder for lack of "risk capital”
at the disposal of those government agencies. Consideration may be given to
have Federal government provide loan guarantees to private lending institutions
to encourage the development and acguisition of RPVs for these local govern-
ments. Precedents for such loan guarantees exist in other government activi-
tles such as the Small Business Administration and FHA, where the public
interest is being served locally via Federal assistance and encouragement.

Pederal prototype demonstrations: It may be of importance to entice the
earlier Federal agency sponsors of civil RFVs (or even the military services)
to utilize one or more sets of their proven RPV systems' hardware in prototype
demonstrations of mission utility for sﬁ%ﬁe/local government potential users
or even certain private sector coAsortia. A derivative of this incentive -
technique could be the nominal-cost leasing of the RPV system equipment pro-
cured by a Federal agency to some other federal, local, or private potential

user for an extended trial use.
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Cost sharing: Cost sharing between the developer or manufacturer and,
the sponsoring end user may be necessary to facilitate the early and progres-
_ sive exploitatlon of RPVs. This incentive would possibly draw out a somewhat
higher-risk participation by the combined R&D/manufacturing firms, who would
risk the early involvement at an interim loss 1f they had good prospechs of
profitability in later manufacturing and services to overcome the R&D phase

cost sharing.

While it is too early to suggest the specific incentive modes that will
enhance civil RPV developments, it can be projected that some form(s) of
incentive(s) will be crucial to catalyze a workable team of participants in

the next several years.

Roadmap and time phasing of RPV market entry: Figure 21 presents.an
approximate timephasing of the flow of activities required to reach field
operation of RPVs in all three end user classes:

- Feaeral agencies

- State or local government agencies

-~ Private firms or consortia

It is provided as a rough estimabte of the overlapping sequence of events
which will be-appropriate and necessary in order to bring RFVs to_the civil
marketplace in the coming decade. The time spans shown-are intended 9nly as
guidelines for planning such a complex sequence of actions, and to suggest the
relative time phasing amongst the-development, production and use of RPVs for
the three classes of end users. Some highlights concerning this suggested
interwoven acquisition procesé follow.

Federal Goﬁernment Applications First: For reasons stated earlier, it is
judged that RPV uses in the state or local government arena or in the priﬁate ‘
sector will be hamstrung for manyryears unless some non-DoD Federél Agencigs
sponsor RPV applications first. It is therefore suggested that from one to
three federal agencies need to be stimulated to fund civil RFV R&D over the
next few years in order to head for one or more system developments by 1978-79.
An aid to triggering those decisions might be the use of DoD RPV hardware for
ubility demonstration to these other Federal agencies during the pericd 1977-80.

139


http:presents.an

071

ROADMAP FOR RPV EMPLOYMENT IN CIVIL MARKET
1975 1980 1985
S 8 UTILITY DEMONSTRATION?\
] WITH DoD HARDWARE
8 & ) , [NASA & OTHER FEDL. AGENCIES — R&D — TECHNOLOGY & SUBSYSTEMS|
g’ & FEDERAL _ [CPS. ANALN  /CERTIFICATION /
e USES ’ PROTO. // PRODUCTION
g g DEMO,
E E SYS, A — —— — - SY5. DRV, "\ / USE
m ——————————
. SY5.B —————— — '/:.__..___._\.\ I,: _____
————— e e ST o —
e e i A N,

s$Ys. C -
UL W \ A \\ h\N
TRANSFER IDEAS, DATA, HDW. S
g Q? AVAR VIRV

#
MKT.
ANAL. \PROMOTIO CERTIEY } '

STATE AND LOCAL
GOVERNMENT USES SPECS. N\ 7
N\ DEV. \ PRODUCE
LENDING / / \ DISTRIBUTE
SOURCES \ & SERVICE
' DEMOS. \ / 3
PRIVATE FIRM OR \___ DEV. /PRODUCE @
SPECS.

CONSORTIA USES
PROMCTION
OPS. ANALY

FIGURE 21 Roadmap For RPV Huploymenit In The Civil Market



Parallel subsystem R& sponsored by NASA and the sponsoring Federal Agency
ig congidered vital and would be an ongoing effort throughout the coming decade.

As operations analysis, specifications, prototype demonstrations, system
development and certification-are achieved by the early 1980s for one or more
of these federally sponsored civil RPVs, then a major transfer of this know
how, confidence and investment in technology can be expected to be welcomed by
the state and local government agencies. To prepare them for the arrival of
this data and experience, it is suggested that market analysis, promotion of
uges, and specification should or can proceed in parallel to the federal agency
projects. In this way, the earliest synergism could be achieved to entice the
gtate or local government agencies to adapt their requirements as closely as
'possible to the federal agency requirements, thus increasing the chances that
a broader set of RPV uses could be accepted around the minimal set of separate
hardware subsystem elements. This would result in substantially less total
costs for bringing RPVs into the overall civilian markeb. For example, it
might result in the need for only one certification process and one ground
control s;;rstem to serve multiple users.

Also during this parallel phasing of the state or local govermment devel-
opment of RFVs, the ne?work of lending institution participants could be
creabed. The acceptability of loans for government sponsored projects may be
greater than loans to more speculative private sector uses. As the funding-
sources network emerges for these government uses, then the awareness- and
confidence of RPVs as a capital risk item would become more accepted by the
lending institutions and they would hopefully be more recepbtive to providing
funds for private ventures into RPV uses.

lagging perhaps not more than a year hehind the acquisition phases for
state and local government uses, it is suggested that promotion and develop-
ment of RPVs for private firms orrconsof%ia could occur. In thesge cases, the
private sector users may expect a majority of the technieal risks and associ-
ated R& to have already been absorbed by the prior sequences of acthion at
federal and local government levels.. SBuch prior actions, inciuding resolution
of the regulatory implications and insurance/warranty provisions, may be key

prerequisites to acceptance by the private sector users to invest their
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capital into development modifications, production and use of RPVs.

The procesg of developing, integrabting and entering the civii RPV market-
place will present major challenges to both industry and government agencies.
The number and types of participants in the process are much more varied +than
occur in DoD or NASA acquisition progfams. The steps required for securing
development funding, certification, operational regulations, distribubting and
operation RPVs suggests a process at least as complex as the introduction of
an all weather and suvbstantially new aeronautical flight system which requires
interfaces with air traffic control, assured and safe emergency recovery htech-
nique, and positive control from remote ground station. - '

After identifying clearly important requirements and cost/performanceﬂ
benefits that can be achieved by RPVs in civil applications, there will be
reduired a concerted effort to promote, motivate and then catalyze the de-
cisions and actions of the many participants. This is a task that has been
done on many new system ventures in the past, but it is not easy to achieve,
Progressive actions are expected earliest by Pederal Agency applications of
RPVs, where the national needs, funding sources, and precedents for R&D

investment are best understood.
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AREAS OF NEEDED RESEARCH

This section discusses research areas that require federal-agency
sponsorship in order to verify the utility and safety of RPVs for the eivil
sector. The NASAl's asronautics charter for R&D can be the foundation for

this research.

Propulsion

Durable, reliable, lightweight propulsion is a major need for small
RPVs, especially in civil uses., Most present RPV engines in the 5 to 60 hp
(3.7 to 45 ku) power spectrum are adaptations of go-cart, chain-saw, snow-
mobile, and other small engines designed for different duty cycles. For
available engines in this range above ahout 18 hp (13 kw), the power-to-
weight ratio is generally about 1/2 hp/lb (1/6 kw/kg) instead of the one
bp/1b that can be found in some engines below 18 hp. Especially among the
smaller engines, useful lives are short, and they require a high proportion
of maintenance time to flying time. The major manufacturers of such-appli-
ance and hobby engines are not interested in spending engineering and devel-
opment money on the RFV market because of the small (for them) quantities
involved.

The Army Aviation Systems Command (AVSCOM), the military organization
most active in development of mini—RPng has announced plans to request pro-
posals for engine designs in the ,20-hp (15 kw) class to be fabricated from
modified commercial components.  This should lead in the direction of solu-
tions to a large share of the propulsion problems.

What is needed is more durable-engines in the lower part of the power
spectrum and lighter engines in the middle and vpper part. A goal for mean
time between overhauls (MTBO) should be substantially higher than the twenty
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hours that is typical today, but need not equal the 1000-1500-hour MIBO char-
acteristic of light manned aircraft. An MIBO of 500 hours at a reasonable
price might be a reasonable goal, although the tradeoff between initial 'cost
and maintenance cost must be examined.

Research is also needed in dual (or at least very reliable) ignition
systems, reliable carburetion, propeller and duet combinations, in-flight
restart capability, and efficient, small electric power generation driven

off the main engine.

Aerodynamics

The design of small, low-speed RPVs putsthe aerodynamicist into a Rey-
nolds Number regime that is lower than the published wind-tunnel data on most
airfoils and shapes. The mini-RFVs in thié gbudy operate in:the regime of
Reynolds Number 200,000 to 1,000,000. Iift and drag, as well as other aero-
dynsmic characteristics, of RPVs operating in this regime have been found %o
depart significantly from predictions based on extrapolations dowrward from
published data, Similarly, there is little published data on the perform-
ance and installed efficiency of small propelleré, up to 30 in., (80 cm) in
diameter, and of small shrouded propellers. There is a need for a compila-
tion of basic wind-tunnel data on suitable airfoils, shapes, propellers,
shrouds, ete., in the low Reynolds Number regimes corresponding to mini-RPV
design practice.

There is also a need for high-1ift designs, with suitable stabllity and
control, to facilitate recovery at the lowest practical’speeds without going
to the exotie STOL features that might be affordable on larger aircraft,

Takeoff and Ianding‘

Although some of the RPV systems examined in this study are assumed to
operate from existing airfields, it is likely that safety and operational
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considerations will fequire most civil RPVs to operate from separate
facilities. V/STOL capability or reliable, inexpensive takeoff and landing
techniques are needed that will allow routine operations from modest facili-
tles or from unimproved open areas. The military RPV programs recognize

this iImportant need, and the Divsctorate of Defenss Research and Engineering
(DDR&E) plans to spend 30% (about $14M) of its requested FY 1977 technology-
base RPV funds on improving launch and recovery techniques, according to Mr.
Thomag Nyman of DDR&E spesking at the National Association for RPVs symposium
in Dayton, Ohio, in May 1976. )

The main problems are in the landing, Takeoff by catapult offers few
technical challenges, but needs to be compared on a cost basis with alterna-
tives such as rotary wing designs and launchers that tether or mount the RFV
to a rotating member and use the RPV's own power to generate flying speed
before releasing.

For landing, reliable and inexpensive V/STOL stability and control and
novel methods such as a stowed rotor, a balloon-supported vertical line to
be snagged, powered Magnus Effect wings, and others need to be examined.
There are numerous possibilities, many of which will be explored by the mil-
itary technology programs. However, it should be noted that the military
may reject soms means that would be adequate for civil uses because their
criterla are different, e.g., air mobility, rapid reloeation, concealment.

Automatic landing systems to guide and control the approach path are
also desirable. '

Saflety Features

Collision avoidance. — Collision avoidance is the key safety issue in
the eivlil use of RPVs., The opera%ional interactions with air traffic control
centers, the on-board equipment to operate in controlled alrspace, the feasi-
bility of on-board sensors to detect and locate non-cooperating other aireraft
(i.8., without depending on their transponders), all should be the subjects
of detailed study and research. An example would be R&D for an REV
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radar which could detset non-cooperating aireraft within 5 km and send the
bearing and range raw data to the ground station for diagnosié.

Unplanned descent. — Safety research is also needed to develop suitable
software and hardware for guiding the RPV to a preselected landing zone of
minimm population density in case of a losgt link or an engine failure, and
for slowing the descent to minimize the chance of damage to objects on the
ground. The required procedures and guidance equipment should be examined,

and so shonld the various emergency systems such as parachutes, stowed rotors,
ﬁitched wings, Magnus Effect wings, and controlled autorotation of helicopter
RPVs., ' ]

Touchdown load attenuators such as airbags need further research for
minimizing shock loads on both the RPV and any structurs which the RPV might
impact.

The tradeoffs associated with multiple engines for reliability should
also be examined.

Navigation and Positive Control

There ars several fruitful aresas for research and development in the
navigation and data~link areas. One is the adaptation of RPV.systems to an .
interaction with existing navigation aids. Low-cost Ofiega navigation for
RPVs is being developed, but its accuracy is variable with time of day and
other conditions. What is needed is equipment and software small enough and |
light enough for RFVs but vhich will allow an automated determination of
location and flight path, in the manner of R-NAV systems for manned aircraft.
Another possibility, perhaps farther in the future, is the integration of
RFY navigation into the Global quitioning System of satellites at a reason-
able size, weight, and cost. Developments in this direction should be
actively monitored while other, neaver prosﬁécts are pursued.

In the command-link area, low-cost airborne tracking antennas anﬁ tech~
niques for low=-cost control of multipie RFVs are needed. Military programs
are pursulng control of multiple RPVs, but their data links also ineclude

extensive anti-jam features that are costly and unnecessar& in civil uses.
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All Subsystems

A consclous and concerted research and development effort is needed

across the board in RPV subsystems to develop flight-quality equipment at
the low end of the performance spectrum, i.e., in low-horsepowsr engines,

_ small actuators and mechanisms, lightweight structures, air data sensors,

attitude and rate sensors, etc. In order for the RPV community to move outb

of the model-airplane era and into the operationai world, equipment compar-

able to commercial aviation quality is required in many subsystems that have

been below the performance threshold of aviation, up until now.

"Flight quality" in a civil RFV means, among othexr things, that FAA
sbandards for certification will have to be met. Although those standards
have not been set for RPVs, the early indications are that such features as
dual ignition systems on RPV engines will be required for safety. Military
BPV programs do not now envision such developments, so they must be spon-
sored elsewhere,

One concern that falls into the bothersome category is the absence of
a ccherent body of design principles and eriteria for BRPV systems comparable
to those that have been built up over the years of design of man-rated air-
craft. Trial and error is the only course presently open to-the designer
who wants to take full advantage of the absence of an airborne pilot but
who must also provide reliable and safe remote operation. Routine guestions,
such as the efficient sensing and adjustment of trim, call for the RFV de-
signer to re-think the standard solutions.

The NASA could provide a major service to the community, albeit not a
glamorous one, by collecting, organizing, and publishing the lessons learned
in the various RPV design programs going on in the country.
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CONCLUSIONS AND RECOMMENDATIONS

This section concentrates largely on general conclusions drawn from the
results of the study. Recommendations are confined to suggesting the re-
search and development objectives that are most important for providing RPV
Systems for civil uses and to recommending the focus of continuing studies.

Many more pages of detailed observations could be brought together here,
but for the sake of brevity they are left to the reader or to the appropriate
section of the report from which they emerge.

Market

Potential demand. - The potential is estimated to be 2,000 to 11,000 REV
systems in uses for which RPV systems show a cost advantage over alternatives.
This appears to justify continued exploration of the technology and opera-
tional issues of RPVs in civil uses.

Mogt-promising uses. = The uses for which the potential demand is
greatest are also among the most promising uses from a cost viewpoint, i.o.,
security of high-value property, highway patrol, and agricultural spraying
and crop dusting. They are characterized by operating areas small enough %o
allow control from a single ground station per system and by competing against
alternatives that have high personnel costs.

Severe-storm research is also a promising use, but represents a small
potential demand. . )

Least-promiging uses. — The least-promising of the uses examined are-
fishing-law enforcement and pipeline patrol, unless RPV-gystem concepts can
be devised that are greatly different and much less expensive than the ones
studied. Both uses require operations over distances great enough to call
for multiple ground stations and/or multiple complete systems to do the same
Job that a single, self-contained manned aireraft could do.
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Technology transfer and market entry. -~ Most potential ussrs will have

to be shown by analyses, demonstrations, and government acceptance that RPVs
will benefit their operations, before they will buy them. Funding of RPV
research and development will depend on the federal govermment until one or
more RPV systems is demonstrated and accepted in civil uses.

The participants in the process of developing, manufacturing, distribut-
ing, servicing, regulating, insuring, and operating RPV systems in civil uses
are much more numercus and varied then in DoD or NASA procurements. Their
interactions are examined in this study, but further conclusions and recom—
mendatlons should await a detailed investigation. )

Likely timing. - The next logical step toward introducing RFVs into the
.clvil sector is a detailed operations analysis of a selected use, leading to
specific planning for a demonstration program by a federal non-DoD agency by
1980. Such a demonstration would use hardware developed for military RFV
programs. Certification, production, and use by federal agencies could come
by 1982, assuming a successful demonstration and a parallel R&D program on
the technologies and subsystems peculiar to civil uses. Systems, marketing,
distribution, financing, servicing, etc., could be developed on a schedule
that would lead to initial use by non-federal government agencies and by pri-
vate firms by 1984-85.

Costa

Attainable costs. - The life-cycle costs of RPV systems can be sighifia
cantly less than those of non-RPV glternatives in a number of uses. In those
uses with the greatest potential demand, the saving is typically 25=35%, l.e.,
for the uses typified by security of highwvalue property ané highway patrol

and for agricultural crop dusting.
Major source of savings. - The major saving from RPV systems compared to

non-RPV alternatives is in reduced personnel costs. The only exception to
this statement among the uses for which RPVs are preferred is in the severe—

storm research mission, which comprises a small part of the potential demand.
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Development costs. — Development costs are a minor part of the life-
cycle cost of RPV systems. When prorated over, perhaps, 1000 gystems and
amortized over seven years, development costs amount to less than one per-

cent of the annual cost of owning and operating an RPV system.

Legal and Regulatory Considerations

Safety of people and property, both in the air and on the ground, are
the primary regulatory concerns. Noise and emission effects are the next
greatest concerns., Liability and insurability of RFV Qevelopers and users
must also be considered.

Certification. — The Federal Aviation Agency (FAA) will require RFVs to
be certified for operations in civil airspace. Lertification is offieial
acknowledgement that an aireraft complies with a set of safety rules regard-
ing airworthiness, design, quality assurance procedures, operations, and
£light procedures. New rules will have to be developed, since the present
Federal Aviation Regulations are built around manned aircraft. The devel-
oper will have to bring the FAA into the development process at the begin-
ning and work with the FAA throughout development, typileally for the period
of about two years before first fiight.

Opérator licenging. - Operators of civil RFVs will be licensed, just as
pilots are., The gualifiecations they must have will be determined by start-

ing with those required of the pilot of a manned aireraft in the same use
and then deleting those not needed because the operator is not in the
aircraft. )

Operations. — There are presently no regulations that apply specific-
ally to RPV operations. New ones will ﬁéve to be developed, addressing the
three primary safety concerns oﬂiﬁollision avoidance, unplanned descent, .
and maintaining positive control.

Environmental jmwpact statement. - An envirommental impact statement will -
probably have to be filed for each new kind of use of RFVs in civil airspace.
Since RPVs have a minimal effect on the enviromment, no problems are apparent.
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Badio frequency assigmments. - A frequency assigmment will have to be

made by the Federal Communications Commission (FCC) for the data and control
iinks, and operators will have to be licensed. The earliest reasonable
application should be made, so as to secure the lowest available frequencies
(in the UHF band). The lower the frequencies, the lower the eoét of elec-
tronic equipment.

Liability and insurability. - The legal climate in which RPV systems
operate will strongly inflnence the avallability and cost of insvurance. The
legal climate consists of any legal limits to liability, restrictions on
bringing suit, etec., as well as controls on other aircraft, restrictions on
airspace, and rules governing rights of way and air traffic control.

RPV insurance will probably be available early to large corporations
as part of an overall dinsurance package, but an individusl (e.g., a crop-
duster) will have a hard time getting insurance until a lot of experience
has been .built up in RPV operations.

Environment and Safety

Environmental acceptability. - There are only two arsas of practical
concern that apply to RPVs in civil uses: engine emissions and aircraft
noise. MNeither presents any special problems peculiar to RPVs, and no indi-
cation has been discovered that RPVs will cause an adverse environmental
impact compared to alternatives;' .

Safety. — The areas of concern about RPV safety are collision avoidance,
unplanned descent, and maintaining positive control. Collision avoidance in
uncontrolied airspace is the most troublesome, since the problem of making
an RFV "gee" another aircraflt has not yet been solved at an acceptable cost.
In controlled airspace, an RPV,.w1th the appropriate transponder and communi-
cations with the responsible air traffic control .center, is as safe as a
manned airceraft., The problems of minimizing danger to people and property
on the ground from unplanned descent and of maintaining positive control ate
tractable through straightforward engineering. Much of that engineering ve-
mains to be done.
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A point often overlooked is that the danger from unplanned descents is
overwhelmingly borne by the occupants of the aircraft. Only about one gen-

eral-aviation accident in 125 kills or injures someone on the ground.

Needed Research

There are numerous areas of needed research in the young technology of
RPVs, and they are discussed at length in the section above, under the head-
ing of AREAS OF NEEDED RESEARCH. Several of these areas are not likely to
be emphasized in the military RPV programs, and suggest areas of focus for
NASA sponsorship.

Recommended Next Steps

Tt is recommended that the following steps be undertaken by the NASA as
a logical sequence for advancing the technology of RPVs for the civil sector.

o Pursue those areas of R&D identified above as not well covered by
military RPV development programs, using a combination of in-house
research and technology contracts to industry.

o Begin detailed R&D of safety alternatives for ‘both collision avoid-
ance and unplanned descent. Start with a thorough analysis to
evaluate the available dlternatives and lead to a selection of the
most promising approach in each area (collision avoidance and un-
planned descent) for a technology demonstration.

0 At the same time as the technology R&D is proceeding, begin the
exploratory planning for an operational demonstration. This will
require stimulating the interest of a potential user (a federal .
agency operating in a remote area), working closely with him to
perform a detailed analysis of his operation and how an RPV system
would fit in, and developing a detailed plan and proposal for the

demonstration.
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APPENDTX A
MARKET SURVEY TECHNIQUES AWD FPCOTENTTAL USERS INTERVIEWED

A market survey was conducted as the first step in the study for the
purpose of obtaining the following kinds of information:
t o Identification of potential users of remotely piloted wvehicle (RFV)
systems. ‘ ’
o Description of the mission and operational requirements of each user.
0 Description of techniques and equipment currently employed in the
conduct of these missions, and descriptions of the desirable
features of an RPV system to perform those missions.
© The required characteristics of a system to perform any mission not
practicable by present methcds.
o) Cost data for current methcds and equipment, -
© Data enabling an assessment of the pobential RPV market for selected
uses. . )
The procedures used in conducting the market survey and the potential users
interviewed are. described in this appendix. ' .

_Most of the information supporting the market survey was obtained
through direct conbact and interviews with personnel in potential user organ-
izations. This information was further augmented from documents furnished by
potential users, a number of telephone conversations, and a limited library
literature search, The 45 direct face-to-face interviews asnd the 15 tele-
phone interviews were conducted in accordance with a four-phase procedure
that was developed, rehearsed, and field tested before the survey began. The
four phases were:

1. The preliminary contact, by telephone
2. The intorduction to the interview

3. The interview proper

4. The follow-up.

The objectives of each phase were worked out in detail, and a "reminder" list
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of key-word memory aids was used by the interviewer to be sure all objectives

were covered. Figure A-1 shows the memory aids.

The preliminary conbact. - Each potential user was first contacted by

telephone in order to identify the type of operation conducted, assess the
feagibility for an RPV application, identify the right individuals to talk to,
and determine the willingness of the agency or organization to discuss RPV
uges. Appointments for the interviews were then scheduled, If appropriate.
Every effort was made to identify those individuals directly involved in the
field with a given activity, as well as knowledgeable planners, research
scientists, and decision makers, and to avoid setting up appointments with

people who Were merely curious about RFVs.

The introduction o the interview. - A% the beginning of each meeting,

the inbterviewer made it clear that he was not selling RPVs or anything else,
that he was working on a study contract for the NASA. That set the right
tone and usually prevented any attitude of sales resistance on the part of
the interviewee(s). Since most potential users had little or no knowledge of
RPVs, the interviewer gave a short (5-10 minute) briefing on what an RPV is,
the history of RPVs, past and present RPV programs, the state of technology,
and some possible civil uses. The briefing was illustrated with photographs
and charts. The objectives of the WASA study and the topics to be covered in
the rest of the interview were then explained, and the interviewer made clear

what he hoped to get from the interview.

The interview proper. - The interview itself was structured to get

answers to the question in the interview checklist shown in Figure A-2, but
the format was not rigid. The checklist is not a questionnaire. The inter-
viewee was not asked to £ill it out, or even read it, although i% was ghown
to him and he was given a copy if he wanted it. (Few did.)

No two interviews ever followed thg game exact sequence. The most effec-
tive method of interviewing was to ask for a description of the interviewee's

operation, then ask clarifying and directing questions as the topics on the
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1.

Contact

o My pema & jicb

o "J. B. suggested . . ."
o HNASA stu‘dy on civil uses of . . .
-] Your‘ operation, as a potentizl use.
o Are you active in . . .
o Will you talk to us?
o Make a‘ppoinment wef l‘f. l‘""S
o We'd like to cover .

2. Introduction

o My name

o NASA study

o Here’s a copy of the coptract

o IMSC, but not selling

o Your oreration seems promizing

o AnBVP dis . . .

» o Here's my plan t‘or'the next hour.
© Backgreund, history of RFV's
"o RPY's arve operational pow
0 Tranzfer technology to civil gector

o HNASA'E objectives are;
Promising wees
Required features
Acceptable costs

a I una.ers'tj;pd that you do. . .

o (Drganizati'on “ehart™")

FIGURE A-1 Memory Aids for

(You're an industry leaderd

Hzve you been? If not, whot

(We want answers, not questions.)

Bring your people.

the Four FPhases

o Tell me about your operation
mission
how? \
doats

¢ Bpecific items

o Do you mind if I take notes?

© Do you have any questions?

Interviev Guide

o Review at end of each section
==bring out questions not clearly answered

--ask to be referred to people who have info not ansvered

Wrap-up

o Cover all missed qugsi:ions
o Where can we get the info not gilven?
¢ Heview areas where respondent has offlered to help
o Cover points we said we'd come back to
o Are there points I haven't asked that ve ghould cover?
Follow-up
o Send g note:
~-thanks
. --reminde:r to points to be followed wp
~=-any points that are missed or wncleer
o Telephone {couple of days later)

--follov up all points

of the Survey
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FIGURE A-2 (page 1 of 2)

Intervievw Checklist,
Market Survey 06

GENEPAL

Generally describe your operation.

ov

What are the most favorable features of your present methods? 08
o9

What are the main problems?

What other activities (orgenizations) doss yours interact with?

TRenx, -
Aredth:lngs, you would like to do that are not practical with present 010
methods? Want?

OFERATIONAL REQUIREMENTS
Do you: n
o Patrol an area or path, ending at the starting point? (distance/oren)
o Ioiter (time and ares)
0 Operabe between points; don't return to the starting point on same M2
trip {distance)
o Other
M3
At what altitude do you operate now? VWhy?
How t;ften do you survey & given sres, path, ete? (per hour, per day, per W
weelt
. M
What eoviromments do you operate in?
o Weather, turbulence, sand, tempermture ranges, day/night
o Radio interference
o Terrain, gem state
¢ lounch altitude and temperature
o Other
M5

Do you move your operation from place to place for different jobs?

. Interview Checklist

What is your operational profile?
Seasonal; stand-by

Hours per day/week/month
Tripe per day

Continucus

Cther

Qoogo

Do you have to respond to emergencies?
Describe a typleal situation, What frequency?

Ig your effectiveness related to quickness of response? How?

What limits your operating time?
Daylight

Crew endurance

Weather

Other

o000

What airspeed is required (mex, min)? Why?

HISSION REQUIREMENTS

What do you want to lock at on the ground?
What informaticon do you want to get by locking at it?

How accurately do you need to know locations of things on the ground?

In your current operation, is it necessary to know the location of your
aircraft precisely? How precissly?

Is airborne endurance important? Why?

What restrictions do you operate under?
Legal/regulatory

Policy

Assigned sreas, radlo frequencles, etec.
Sdfety

Other

00000

Do you operate in populated areas or areas in which there is other aircraft
activity? Describe.
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COST -~ BENEFIT INPUTS METHODS OF MARKET ENTRY

€1 Review of present methods: J iﬁssu::.ng :rg:tic;;h} be shown that REV syastems were effective and econ#mical
o Types and quantity of equipment your ope :
o Size and composition of arevs ,
0 Procedures (sequence of avents) EL How do you scduire systems?

Off the shelf, and modify

Davelop redquirements, turn-key

Contract for servicas

Develop in-house; contract or build

Other

C2 Dedicnted personpel and equipment?.

[<JN-20 -}

¢3 How many crews snd sets of equipment sve in use at coe time? T "
E? Would you rather uperate an RPY gystem with your own people, or wha ]

ch  What other methods are you familiar with? How do you rate them?

£3 Do you prefer to lesse, purchase, lease/purchase, or __ 7
c5 ’ What é.o your preseut methods cost? {cost enmposition) l Kk  Would you do your own maintenance?
¢6 What affecte your coasts most strongly? £S5 Would RWV's

o Replace immediately

o Fhage in as equipment wears out
o Add to present equipment

o (ther?

E6 What warranties or service guarantees are customary?

C7 What is the rlelability of yowr equipment? How do you mepsure it?
C8 What ave your personnel turnover rates?

' SIZE OF THE MARKET , E7 What kind of finaneing is customaxy?
E3

How do you evaluste investments in major equipment?
51 How many companies/agencies conduct operations like youra?

E9 What is your customary approach to new equipment?

52 Is your operation typical in size? o Test it under lease
o Buy one and test it before buying others
" & Immediately buy as many as you need
53 TWhat is the anuml budget for your opernticn?. What does thatcover o Wait and see other companies' experience
What 1s the breakdown? : o Other
84 Are your activities stable, expanding, declining? Lo WRAP - UP

How do you see the future? Why? .
Wl What features would an ideal system have?

85 How rupidly is it growing (declining)?
W2  What REV capabilities look promising to you?

86 How often do you replace equipment? Why?

“

W3 What RPV features lock like potential shortccmings in your operation?

87 Who collects industry-wide data? ({asgemcy or ssgociation) ! .
Wi Can you think of any things I haven't asked about that we should have

covered?

FIGURE 4-2 (page 2 of 2) Interview Checklist

.



checklist arose. Periodically in the course of the interview, the interview-
er would refer to the checklist to be sure nothing was overlooked and would
agk questions that had not been covered. Noftes were ‘taken on a separate
sheet of paper in whatever order they arose. As soon after the interview as
possible the interviewer filled out a copy of the checklist himself, working

from his notes and memory.

At the end of the inberview, the interviewer went over all previously
unanswered guestions, asked where to get answers that were not known by the
interviewee, reviewed any promises for follow-up help to be sure he under-
stood and that the interviewee remembered, and thanked Ehe interviewée. A

typical interview, including the introduction, took 13-2 hours.

The follow-up. Every interview was followed up with a thank-you letter,

which included a reminder of any follow-up items that might have been agreed

to. A telephone follow-up was sometimes made, if necessary and appropriate.

The interpersonal climate. - Almost all interviewees were friendly and

cooperative. Considerable thought was given to how the interviewer should
conduct himself to encourage and build on that attitude. Figure A-3 shows

some notes and thoughts that were compiled to guide the interviewers.

Potential users interviewed. - Personal, direct interviews were conduc-’

ted with forty-five different agencies and organizations. However, the input
to the study data base ig actually larger, since more than one office or
division was contacted in several of the agencies. In addition, fifteen
interviews with potential users were conducted by telephone and well over
thirty more contacts proved to be valuable sources of needed information. In
varying degrees of detail all interviews were productive in developing infor-
mation on operations and mission reguirements and on present methods and
costs. However, it was found that individual users seldom have the data
needed to assess market size. For those data, it was necessary to turn to
government agencies and industry associations that collect nationwide statis-

tics. Frequently internal reports or other document references were provided

A6



NOTES ON INTERPERSONAL CLIMATE

1. Avoid the arens whers respondent can't contribute. Be gware of vhen ve
get into an arem where the respondent doesn't know.

2. Where respendent does help, lesve it open for follew-up.

3. S-tart from topics of concrete knowledge, before moving to topics of
speculation and projection. |

4. Get respordent involved early in the interview. Put him at ease.

Explein fran.kly‘ why you're there. Stress similar background. Be
personnl. 'Would you describe..... .. "Would you tell m= gbout..... W

S, Reflective listening. Feedback his comments in the form of clarifying
questions.

6. Elicit "best estimates” by not threatening him. Meke it easy to answer.
"0ff the top of your hand."

7. Ask for help. *This is important ! "™ou're not slone in this." He's a
contributor, not a "thing” to be drained of information.

8. IXavolve him in joint speculation.

9, Ask, esrly, "Is it all right if I take notes?” Say, "I1'1l send you a.

) copy.”

10. Send a "thank you" note afterward, sleng with the copy.

11. "Write it down,- feed it back."”

12, It you're hung up oh a point (there's = conflict, ar unckrtainty, a
reluctance), write it down snd eome back to it. Be sure to come back to it.
LA Ko s .

13. %knﬂim/(in advance that we're going to cover some specific questicns,
but we are the ones to be flexible. Ask him to discuss things at his.own
pace atd sequence. )

14, TIf the respendent docsn't know ccsts, ask questions like "How many people?
What education level? l-\.re there GS ratings for thosc‘ Jobe?"

15. Don't ask who else to talk to until the epd, whern you're reviewing
and summing up.

156. Tell him the ground we hope to cover. éell him at the beginning that
"we may ask you gquestions that don't make sense. If we do, tell us.”

17. Make him comfortable. Use first names, ete., if possible end appropriate.

18. Keep checking on your understanding of his answers. Feedback. Ask if
you've noted the right thiogs. ,

FIGURE A-3 (page 1 of 2) Notes on Interpersonal Climate

ORIGINAT pAG
OF POOR QUAL?I?
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19. & gocd idea is to dictate into g tape recorder after the interview.
Include you:r feelings.
20, Document each interview immediately.

21. On questicns he didn't ansver, wait uwntil the end and clarify vhether

he wouldn't or couldn't. Ask his help a‘b‘tmt how we can get the infor-'

wmation.

22, As a subliminal clue 4o keep us identified with NASA, not IMSC, have an
"artifact” on display, e.g., & copy of the contr.act_.’a notebock vith
NASA on the cover, etc.

23. He may run into people who are talking to cnmpe{_:;tors about buying RFVs.
Clarify our role. 'le're not selling; we work for HASA; we don't want ham to
give us confidential information from our competitors. .

24. Respect any confideptizlity of relationshaps between governrent agencies.
Back off, and get MASA to open doors .ii‘ necessary. Use our dlsclatwe - ¢

“We're a NASA contractor - ) )

25, Ask NASA: Can we tell respondent we will arrange to send them a copy eof
the final report? What is in the public domaza? :

26. Get information about specific present operations from ind:.l.viduﬂ operators.
Cet industry-wide data from ftrade associntions. ’ )

27. Silence is OK. "If there's silence, you're in charge.” "If at any time

you have a question, plesse ask it."

28, "If there are questions I haven't ssked, and you fecl the information .
is important, please help me by bringint.it out."”

29. Interview climate is the kcy. Content and method are tiled together.

30. Be sensitive.to respondent's point of view. Focus on that.

31. Sum up at the end. Cover all issues that were left hanging.

32. Legve th:: dl;or open for addi:tional information. "If you bave any -
additioral ideas, csll me at " "

You are always pleased to listen.

FIGURE A-3 (page 2 of 2) Wotes on Interpersonal Climate


http:bringInt.it

which covered details not possible during the personal interviews. Figure

A-L shows the organizations interviewed, listed under the headings into which

the 35 uses were grouped. Some agencies or companies appear under more than

one heading because they have more than one potential use for RFVs. Those

organizations that were data sources rather then potential users are indi-
cated as such.
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AL CIVIL, RPV DSERS INTERVIEWED
%Listed by genaral uss category, .

showing specific applicetien or as a data source)

SMALYL, AREA SURVEILLANGE

Aganey

Application

Loa Angeles Pollee Dept.

Los Angeles Couniy Sheriff Dept.
San Mateo County Sheriff bept.
Richmond Police Depl.

Oakland Police Dept.

Houston Police Dapt.

San Francisco Police Dept.

East Bay Regional Park Pisfrict

Law Enforcesent
Law Enforcement
Law Enforcement
Law Eaforcement
Law Enforcement
Iaw Enforcement
Law Enforcement
Law Enforcement

Law Enforcement - -
Property Security
Property Security
Property Securaty

San Jose Police Department
Standard 0i1 Refinery
Southern Pacific Railroad
#yclesr Regulatory Commission
{Sandia Laboratory)

041 Spill Surveillance

Clean Bay, Incorporated
011 Spill Surveillance

U. S. Comst Guard

San Jese Fire Department Orban Fire Detsction

. 8. Forest Service Forest Fire Mapping
California Dept. of Forestry Forest Fire Mapping
Pureau of Land Managameat Forest Fire Mapping
Burezu of Indlan Affairs Forest Fire Mapping
TU. S. Forest Service Spray Block Marking
U. 5. Coast Guard (NASA Lewis Reseaxch Center) Ice Breaker Navigation

Cartwright derial Survey Photogrammetry

Hardela Corp. Gommercial Fish Spotting

Environmental Protection Agency Small Waters Pollution

U. S. Coast Gug_rd Mopdtoring
Amarican Society for Industrial Security Data
Aesoclation of American Railroads Data
Aarial Law Enforcement Associatlon Data
Mardix Sacurlty Data
Lockhead Sascurity Data
Burmas Detective Agency Data

LARGE AREA SURVETEILANCE

Agency Application

Los Angeles County Sheriff Dapt.
East Bay Reglonal Park Diatrict
U. S. Customs Sexrvice

Drug Enforcement Agemcy

Law Enforcement
Law Enforcement
Law Enforcement
Law Enforcement

U. 5. Forest Service
.- East Bay Regional Park District
T. S. Bureau of Land Management
Celifornia Dept, of Forestry
Bureau of Indian Affairs

Fire Dotection
Fire Detection
Fire Detection
Fire Detection
Fire Detection
U. S. Bursau of Mines Moniter Strip Mins Reelama-
tion and Surface & Undergrotnd
Mine Firea

FIGURE A-It (page 1 of 3) Potential Users Interviewed

Al0 ORIGINAL PAGE 1§ -
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Agency

Application

O. 8. Coast Guard
National Marine Fisheries Service
Celifornia Dept. of Fish & Game

U. S. Geolegical Survey

U. 5. Forest Service

Buresu of Land Mansgement
Enviropmental Protection Agency

U. C. Berkeley, Remote Se¢ensing Lab.

O, 8. Coast Guard

NASA Lewis Research Center
U, S. Coast Guard
U. S. Geological Survey

Los Angeles Gounty Sherliff Deph.
Fast Bay Regionsl Park District
U. S. Coast Guard

Civil Air Patrol

Bureau of Indian Affairs

U. 8. Customs Service

Prug Enforcement Agency

Federal Bureau of Iavestigation

LIFEAR PATROL

California Highway Patrol

Eansas State Highway Patrol
also including

Fedoranl Bursau of Investigaltion

A1l Police & Sheriff Depis.

U. S. Customs Service

U. 5. Border Patrol

TU. S. Border Patrel
U. S. Customs

Standard 011 Pipeline
Williams Pipeline Co.
El Pasp Natural Gas Co.
Southwest Gas Go.

Pacific Gas & Electric Co.

Americen Peirolsum Tnstitute
Association of 0il Pipelines

Environmental Protection Agency
U. 8. Coast CGuerd

AERTAL, SPRAYING

Onio Dept. of Naturel Resources
Precissi Flying Service
TU. S. Forest Service

Chevron Chemical Co.

HACO Agricultural Chemicals Co.

California Agricultural Chemical & Feed Div,
University of North Bakota

Netional Agricultursl Aviation Assoc.
International Flying Farmers Assoc.

California Div. of Foreatry
0. 8. Forest Service

FIGURE A-b (Page 2 of 3)

OR'LGTNP‘L

QF ¥

E‘:I.sb.i.!:xcr _Law Enforcement
Fishing Law Enforcement
Fishing Law Enforcement

Mineral, lands, & Vegetation
monitoring

0i1 Spill Detection

Tee Mapping & Hesearch

Search - Personnel, Aireraft,
Boats, Ground Vehicles

Motorist Ald & lLaw Enforcement

Track Suspect Automobiles

Seerch for Tllegal Border
Crossing; Personnel & Veblcles

Pipeline Patrol
Pipeline Patrol
Pipeline Patrol
Pipeline Patrol

Pipeline & Powerline Patrsl

Data
Data

Polivtion Monitoring aleng
Rivers and Shorelines

Grop Spraying Operations

Data
Data
Data
Data
Data
Data

Spray Fire Retardents

Potential Users Inverviewed

ALITYI

All
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Agency

Application

AIR TO ATR SURVEILLANCE

U. S. Cuatoms Service

MONITOR GROLUND SERSORS

. U. 8. Border Patrol

T. 5. Customs Service

Fipeline Co.'s

Civil AT Patrol

Nuclear Regulatory Commission
{8andiz Laboratory)
ATROGRAFT RESEARCH

Lockreed California Co.

COMMUNTCATTONS RELAY

U. 8, Forast Serviece

Bureau of Indian Affeirs

Nuclear Regulatory Commission
(Sandia Laboratory) -

Californis Dept, of Forestry

ATMOSPHERIC SAMPLING

Environmentel Protection Agency
Bay Ares Pollutlon Conirel District

U. S. Weather Service
U. 5. Forest Service

NOAA —~ Severe Storms Laboratery

FIGURE A-4 (page 3 of 3)

Track Illegal. Aircrafi
Border Crossings

Mooltor Intrusion Detection
Systems

Monitor Cathodie Protection
Systems

Locate Emergency Landing
Transmitters

Track Transport of‘ Nuclear
Haterials

Testing Stopped & Stoved
Rotor Concepts

Commumicetion Relay Betwsen
Ground Units .

Mr Polluticn Moniltoring
Air Pollution Monitoring

Weather Data and Forecasts

Severe Storms Research

Potential Users Interviewed



APPENDTX B

POTENTIAL USES AND PRESENT METHCDS

This appendix presents summary descriptions of the 35 potential uses for
RPVs that were defined in the study. 'For each one, there is a description of
the use, present methods used, shortcomings of present methods, desired
features of a system for the use, and some indications of the scope and size
of the activity. The summary descriptions are given in the sequence shown in
Table B-1.

POTENTTAL USE: Security of High-value Property

DESCRIPTION: The kind of security operation envisioned would involve two
types of activity: (a) periddic aerial patrol of the complete area to look
.for theft, fire, or other emergencies in .progress, and (b) on-call aerial
response to-investigate suspected emergencles reported by other means. When
an emergeﬁcy or a suspicious activity is detected, the patrol aircraft would
remain over the location of the activibty, take a closer look, and maintain
surveillance while ground units are sent to the scene. If the suspiciocus
activity inveolves an apparent crime, the patrol aircraft would follow any
suspect escaping on foot or in a wvehicle and direct ground units to intercept
him.

FRESENT METHODS: Some general aerial security patrol is done by police
departments using manned aircraft. However, most security patrol of relative-
ly small high-value properties, e.g., railroad yards and refineries, is done
on foot or in ground vehicles. . In some cases, stationary TV cameras are used
for contimuous surveillance, both indoors and outdoors.

SHORTCOMINGS OF PRESENT METHODS: Manned-aircraft security patrol is expensive
and noisy. Helicopter patrol has been tried by at least two major railroad
yards and abandoned because of those shortcomings. Stationary TV cameras are
suitable for some applications, but are inflexible. .

DESTRED FEATURES: An ideal system would be much less noisy and much less



costly to own and operate than manned-gircraft systems.

IMDICATIONS OF SCOPE: There are at least 20 major railroad companies oper-
ating an average of 40 railrocad yards, more then 600 petroleum and petro-
chemical refineriesg, and an unknown number of large industrial facilities;
warehouse districts, ete., in the United States. In addition, the security
of the 2200 offshore oil installations is becoming increasingly a matter-of

concern.

POTENTIAL USE: Surface Mine Patrol
DESCRIPTION: BExtensive surface mine monitoring operations are conducted by
the U.8. Bureau of Mines, on federal lands, and the individual states on
privately owned mines, - for the purpose of locating the following:

o Evidence of non-compliance with land reclamation regulations

o Fires in filled coal strip mines and mine waste materials,

‘ as well as fires in abandoned underground mines

o Ground subsidence in or near populated areas

0 Rivers and streams showing effects of acid mine drainage.
PRESENT METHODS: LANDSAT satellite imagery is used to the extent possible
with follow-up verification through aerial photographic and infrared missions.
Visual inspections at ground level are alsoc made providing the area is rela-
tively small and accessible and personnel resources are available.
SHORTCCMINGS OF PRESENT METHODS: Satellite dabta do not provide required
regsolution, and the high cost of manned aircraft severely limits the amount
and frequency of the coverage obbtained.
DESIRED FEATURES: The preferred system would be low-cost, probably portable,
capable of obtaining high-resolution black and white, as well as color, photo-
graphs of éreas up to 10 miles (16 km) long. Thermal imagery is desirable for
fire detection. Economy and simplicity of operation would permit expanding
the number and frequency of the surveys. Neither nighttime flights nor real-
time information are reguired; however, image locakion accuracy must be at
least equal to that achievable from manned aircraft.
INDICATIONS OF SCOPE: In 1971 over 206,000 acres (800 km?) of land was mined
and 163,000 acres (660 km®) reclaimed (most recent data available). The
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%14

VP

o 8mall-area surveillance

Security of high-value property
Surface-mine patrol

0il-spill clean-up direction
Wildfire mapping

Ice-~floe scouting

Spray block marking and tracking

Ground truth verification

a} Targe-area surveillance

-

Search (and rescue)
Wildfire detection
Tishing lLaw enforcement
Oil-spill detection

Tce mapping

Fish spotting

~aw Enforcement

Surfece resource survey

o Linear patrol

TABLE

Pipeline

Highway

Border .

Power line

Waterway and shoreline pollution

detection

Aerial spraying

-~ Agriculture

- Wilderness

- Wildfire fighting

Monitoring ground sensors

~ Detecting activities

- Monitoring cathodie protection of pipeline;
- Emergency rescue beacons

Aircraft research

- Aercdynamic testing (e.g.; transition)
- Remote measurements

Air-to-Air surveillance

Sgcurity of nuclear materials in transit
Communications relay

- A@ hoe

- Permanent

Atmospheric sampling

"~ Storm research

- Meteorology
- Mapping pollutants

B-1 POTENTIAL USES DEFINED



Bureau of Mines and Bureau of Tand Management have jurisdiction over 460
million acres (1.9 million kn®) of federal lands (mined area unknown); 32

states have enacted surface-mine and mined-land reclamation laws.

POTENTTAL USE: Oil-spill Clean-up Direction

DESCRIPTION: Cleaning up oil spills on wabter requires that the oil be con-
tained with booms, then recovered with skimmers, debris boats, sorbents, and
suction trucks., ©Oil slicks on large bodies of water are hard to locate he-
cause they cannot be seen well at a distance from near the surface. Aerial
observation is used to direct boats and skimmers to the oil and %o direct the
placement of the booms.

PRESENT METHODS: Manned helicopters are used in present operations.
SHORTCOMINGS OF PRESENT METHODS: Helicopters are costly to lease, operate
only in daylight, and are frequently diverted for transportation of personnel
and equipment. -

DESTRED FEATURES: An ideal system would be less costly than a manned heli-
copter, would operate day or night, and would be dedicated to the aerial-
observation role. It would be available for quick response on short notice
and would proviae a real-time picture of the oil and the clean-up operation.
The individval pieces of surface equipment (e.g., boats, skimmers) would be
readily identifiable in the aerial imagery.

INDICATIONS OF SCOPE:. Of the 100 incorporated oil-spili clean-up copperatives
in the United States, 80 afe currently functioning. These are non-profit
organizations whose member companies are in some aspect of the.oil business.
Hach cooperative stands ready to clean up oil spills in a defined geographic
area, and each has detailed contingency plans and has equipment either dedi-

cated or committed to it for immediate use in a spill.

POTENTIAL USE: Wildfire Mapping

DESCRIFTION: The mission of wildfire mapping consists of flying over a wild-
fire and furnishing the characteristics of the fire to fire-control officers
at pericdic intervals and in enough detail to allow timely decisions to be

made about the use of suppression resources. During control operations, these
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decisions are based on the dynamic characteristics of the fire perimeter and
its relationship to fuels, weather, topography, values threatened, and the
avallability of suppression forees. During the mop-up, decisions are based on
the identification and location of latent hot spots such as;houldering roots
and logs.

PRESENT METHODS: Wildfire mapping is presently done from manned aircraft,
using both infrared (IR) sensors and visual observation. IR sensors are pre-
ferable because they detect small "spot" fires more readily than visual
cbservation.

SHORTCOMINGS OF FRESENT METHCDS: Manned aircraft are costly to operate, and
the hard-copy imagery of the Tire produeced by present IR equipment is produced
aboard the aircraft. There is a delay in delivering the-imagery physically
to the main camp for photointerpretation and use.

DESTIRED FEATURES: An ideal system should be less costly to own and operate than
a manned-aircraft system and should provide near-real-time hard-copy imagery
to both the main fire camp and the zone camps around the fire perimeter.
INDICATIONS OF SCOPE: More than 4000 wildfires were fought by the U.S. Forest
Service in 1974 (the most recent year for which figures are available). More
than lB,dOO flight hours were flown by manned aircraft for wildfire mapping of

those fires.

POTENTTAT: USE: TIce Flow Scouting to Assist Ice Breaking Operations
DESCRIPTION: The U,S. Coast Guard conducts ice breaking operations in the
navigable waters of the Great Iakes, Alaska, and the North Atlantic.

PRESENT METHODS: Ice breaker vessels are stationed at key locations to main-
tain open traffice lanes primarily for commercial ships during the Winter/ice
season. When available, aircraft surveillance is used to guide the Coast
Guard ships to the most likely areas for ice breaking services.

SHORTCOMINGS OF PRESENT METHODS: ZIdmited aircraft availability and frequent.
poor weather cohditions restrict aerial surveillance operations. Tece breakers
are then limited to near-sea-level observation (horizon line of sight), and
frequently rely on chance to locate feasible paths for breaker operations,

Also, at times ships are restrained in part because of lack of any information
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useful in conducting operations.

DESTRED FEATURES: An RPV capable of being launched and recovered from the
ice breaker would be desirable. This RPV would be tracked by the ship's
radar, be controlled from the ship, and be equipped with an imaging sensor
with direct readout aboard ship. Daylight vidicon might be sufficient -to pro-
vide the ice breaker with adequate navigation information; however, operation
during fog and nighttime would be desirable. The range of the RPV need be no
longer than 25-30 miles (40-50 km) with a one-hour total flight time.
TIDTCATTONS OF SCOPE: Coast Guard application would be limited to the number
of operational ice breaker vessels. However, should a reliable, effective,
and low cost RPV system be developed, it is envisioned that other applica-
tions;, such as search and rescue operations from all ships and navigation aid

to commercial vessels, could provide an expanded market.

POTENTIAL USE: Spray Block Marking and Tracking

DESCRIPTION: The U.S. Forest Service is investigating the use of an airborne
TV monitoring system to guide the flight path of-aerial spraying operaticns
over forests and other wilderness areas.

PRESENT METHODS (CONCEPT): The concept envisions a helicopter hovering over
the spray area with closed-circuit TV viewing of ground area and the spray
aircraft.- A crew of three is required. The TV monitor traces the fliéht path
of the spray aircraft on a transparent overlay placed over the screen of the
tracking TV monitor. By comparing the path of the spray aircraft with lines
on the’ overlay, information necessary to correct the spray-aircraft flight
path and maintain desired swath width is determined and relayed to the spray-
airecraft pilot by radio.

SHORTCOMINGS OF FRESENT METHOD (CONCEPT): The system has not been demon-
strated; therefore, there are no operational data to evaluate. However, 1%
would appear that the high cost of helicopter operations and a 3-man crew
would inhibit potential user accepbance.

DESIRED FEATURES: A potentially attractive system would be a low cost,
probably rotary wing type, RPV to replace the helicopter. The payload would

be a stabilized video camera transmitting to a ground-stationed receiver vhere
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flight path traces would be made and corrective information forwarded, to the
spray aircraft pilot.

INDICATIONS OF SCOPE: The extent of spraying operations by the Department of
Agriculture is unknown,

POTENTIAT, USE: Ground Truth Verification

DESCRIPTION: The purpose of this activity is 4o obtain high-resolution aerial
rhotographs of precisely located areas on the ground. The photographs are
correlated with data from the LANDSAT satellite to allow interpretation of
LANDSAT data on natural resources. Typical areas of operation are croplands,
forests, and deserts. —

FPRESENT METH(DS: The photography is typically obtained from a light, twin-
engine fixed-wing aircraft by a two-man crew. The pilot locates the target
from landmarks and flies a precise path over it. The cameraman takes pictures
at 5-second intervals, alternating between two manually operated 35mm cameras
mounted in the aircraft. The alrcraft is typically rented.

SHORTCOMINGS OF PRESENT METHODS: Present methods are satisfactory. The oper-
ation is a low-budget one, and savings would be welcomed.

DESTRED FEATURES: An ideal system would be less costly than a manned air-
craft, would have very precise navigation for location of target areas, and
would produce high-resolution photographs. A stabilized camera mount would

be desirable.

INDICATIONS OF SCOPE: TFederal agencies currently employing aircraft for
photogrametric survey include NOAA, U.S. Geological Survey, and the Department
of Agriculture. In addition there are over 100 private aerial survey com-
panies in the U.8., and approximately 45 geophysical survey compsnies, some

of which are in Canada.

POTENTIAL USE: Search (and Rescue)

DESCRIPTION: In addibion to the potential application of an RPV to track
downed aircraft by monitoring Emergency Locator Transmitters (ELT), visuval
search operations also appear promising. Numerous search activities are con-

ducted each year to locate vessels at sea, lost hikers, or campers in diffi-
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culty, and downed aircraft with inoperable EiFs.

PRESENT METHCDS: Current methods include aerial reconnaissance by the U.S.
military, U.S. Coast Guard, the Civil Air Patrol, ground search parties, and
ships at sea. Most coperations are successful.

SHORTCOMINGS OF PRESENT METHODS: Poor weather and darkness limit air and sea
search effectiveness, as well as ground search progress. Quick response under
all weather conditions is essential 4o improving the likelihood of individual
survival. Also, in cases of great uncertainty of the general location of
those lost or missing, extensive air operations and ground search parties are
required over very large areas. These operations can become very expensive.
DESIRED FEATURES: Preferred RPV system performance characteristics would
include long endurance (8 to 10 hours), all-weather capability, sensors and
data link providing high resclution imagery through fog, haze, and rain.
Targets would include people, aircraft and boats at sea, plus vehicles and
small fires on land. Low cost, simplicity of operation and high navigeation
accuracy are also essential features.

INDICATIONS OF SCOPE: Many federal, state, and local government agencies

conduct search and rescue operations. OQuantities were not debermined.

POTENTTIAT: USE: Wildfire Detection

DESCRIPTION: The mission of aerial wildfire detection consists of flying
over large areas of forest, brush, grasslands, detecting small, latent-stage
fires, and determining their locations with enough precision to dispatch
ground units to control them. The main idea is to locate fires started by
lightning storms before the fires can spread. The aerial detection system
would be based at a location central to the protected region and would fly
missions over areas of the region that have experienced lightning storms.

The missions would be flown as soon after the storm as the elouds have

cleared, usually a very few hours after the lightning activity.

The aerial detection system is not responsible for locating storms, selecting
areas for overflight, or suppressing the fires. These activities are already

provided for.

081(3“?1)SL quatt™ B7



FRESENT METHCODS: Aerial wildfire defection is presently done from manned air-
craft, using both infrared (IR) sensors and visual observation, especially
when there is little smoke. '

SHORTCOMINGS OF PRESENT METHCDS: The major shortcoming of present methods is
their relative costliness.

DESIRED FEATURES: An ideal system should be less costly to own and operate
than a manned-aircraf®t system.

INDICATIONS OF SCOPE: More than 4000 wildfires occurred in 1974 (the most
recent year for which figures are available). Nearly 39,000 flight hours

were flown by manned aircraft for wildfire detection in 197h.

POTENTTIAL USE: ILaw Enforcement

DESCRIPTION: Federal, state and local law enforcement agencies conduct aerisl
operations for a variety of crime-deterrent and air-surveillance activities.
The primary function of alrborne police is to assist ground units in identi-
fying suspicious or obvious criminal acts, directing these ground units to
exact locabvions of crime activity, tracking suspect personnel or wvehicles,
providing traffic advisories, and conducting search and rescue missions.
FRESENT METH(DS: Both fixed-wing and rotary-wing aircraft are employed,
although helicopters appear to be preferred because they are not limited to
minimum gltitudes in urban areas, and they can fly slowly and hover when re-
gquired. Most flights are conducted with both a pilot and an observer, and
tend to concentrate over areas with high crime incidence, Effective radio
commimications with ground units is maintained.

SHORTCOMINGS COF PRESENT METHMMS: Iaw enforcement agencies utilizing aerial
survelllance are unanimously enthusiastic about the effectiveness of the
system. The principal shortcomings are the high operational maintenance costs
(helicopter costs being substantially higher than fixed wing aircraft). Re-
-cently, San Franeisco, California berminated its police air operations because
of high costs.

DESIRED FEATURES: It is unlikely that an RPV system would replace manned air-
craft in law enforcement operations. However, it appears that RPVs could

effectively augment police aerial operations. The preferred RPV system would
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have a flight endurance of 4 to 6 hours, carry a video or other sensor payload
capable of transmitting high-resolution imagery to a ground control station
and mobile uhits, and capable of positive and high-accuracy flight control.
TNDICATIONS OF SCOPE: There are well over 200 law-enforcement agencies in

the U.S. conducting air operations.

POTENTIAL USE: Surface Resource Survey
DESCRIPTION: LANDSAT satellite multi-spectral scanner imagery with low
altitude verification is widely used to locate and assess a broad range of
natural earth resources. Independently, a numbér of agencies both public and
private conduct aerial surveys from aircraft using a variety of sensors to
investigate the characterisites of the following earth resources:

o  Agriculiture, forestry and other vegetation

0 Geology and mineral resources

o Hydrology and water resources

0 Geography, cartography and cultural resources

o] Oceanography -and marine resources
TLANDSAT data are used wherever possible.
PRESENT METHODS: Aircraft such as the C-130, Electra NP3A, RP5TF, and a num-
ber of general-aviatbion alrcraft are used. BSeveral types of still and motion
picture cameras, infrared systems (line scanners, scanning spectrometers,
radiometers), and radiation thermometers are employed aboard the aircraft.
Passive microwave radiometers, scatterometers and side-looking alrborne radar
(SLAR) are ‘also used depending upon the type of remote sensing required.
SHORTCOMINGS OF PRESENT METHODS: The high cost of aircraft operations and
image processing tends to limit the extent of the surveys required. As an
example, ‘the Bureau of land Management desires aerial photco maps of all of
the 460 million acres (1.9 million km®) of Federal lands under the juris-
diction of the Bureau; however, the cost is prohibitive.
DESIRED FEATURES: An attractive RPV system requires good navigation accuracy,
long endurance, and the ability to acquire high-resolution imagery from a
number of different sensor types. Overall costs much less than manned aircraft

are essential,
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INDICATIONS OF SCOPE: The Bureau of Iand Management, Bureau of Indian
Affairs, U.S. Forest Service, as well as over 150 geophysical survey companies

and aerial photogrammebtric contractors are potential customers.

POTENTTIAL USE: Fishing-Law Enforcement

DESCRIPTION: Fishing-law enforcement by aerial observation and investigation
is concerned with detecting illegal Tishing in U.8. regulated coastal waters.
It is envisioned that RPV systems would supplement the Coast Guard's surface
ships and manned aircraft patrols by performing the routine large-area sur-
veillance for detection, location, and identification of fishing fleets and
large fishing vessels. The ﬁanned aircraft or surface ships wouwid then spot
check at approprate intervals by close inspection to determine the preéise
location of fishing vessels.

PRESENT METHODS: The locations of foreign fishing fieets and vessels are
m&nitored now by manned-aircraft patrols and surface vessels.

SHORTCOMINGS OF PRESENT METHODS: Present methods are adequate for observation
and enforcement with the present 12 mile (20 km) 1imit. The possible use of
RPV (remotely piloted vehicle) systems for such observation will become of
interest if international conventions extend the limits of regulation to a
200 mile (320 km) limit, since the resulting, sudden 16-fold increase in area
t0 be regulated will tax the capacity of the U.B, Coast Guard severely.
DESIRED FEATURES: An ideal system would be able to patrol large areas of
ocean, covering each area frequently. It would be able to detect, discrimin-
ate, locate, and identify fishing vessels accurately and provide the infor-
mation to surface units or to a shore base. IL should do all this at a much
lower cost than manned-aircraft patrols.

TNDICATIONS OF SCOPE: An increase from a 12 mile (20 km) limit to a 200 mile
(320 km) 1imit would increase the area to be regulated by a factor of sixteen,
from 150,000 miles® (185,000 kn?) to 2.2 million miles® (5.6 million kuf).

POTENTTAT, USE: Oil Spill Detection

DESCRIPTION: O0il spills_in harbors and near refineries usually are quickly

detected and there is minimum delay in initiating clean-up cperations.
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However, accidental spills or intentional purging of tankers at sea, or spills
from unattended offshore pumping stations, do present problems in early detec-
tion, corrective action, and determination of responsibility. Concern is for
spills near shore and along coastal shipping lanes.

PRESENT METHODS: Surface ship and aerial visuval patrols are conducted, and a
number of sensors have been tried to improve detection effectiveness. The
U.S8., Coast Guard is now besting and evaluating a multi-spectral sensor
especially developed for oil detection. :
SHORTCOMINGS OF PRESENT METHODS: Visual observations, both from the surface
and airborne, are generally unreliable and ineffective. Various sensors have
shown promise in oil detection depending upon oil type, reflectivity, and
'oil/water mix. In any event, the high cost of aerial operations limits the
extent of the coverage, and some spills are detected late; thus there is
difficuity in identifying the violators.

DESTIRED FEATURES: The RPV should be capable of long-distance patrol equlpped
with oil detection sensors and real-time readout at ground stations. Capa-
bility of accurate- location is required and identification (such as ship
regigtry, name, ete.) of the oil spill source is -desirable.

INDICATIONS OF SCOPE: There are over 2000 offshore installations in the Guif

of Msxico and several thousand miles of U.S. coast line to be patrolled.

POTENTTAT USE: Ice Mapping

DESCRIPTION: The NASA Lewis Research Center, in cooperation with the U.S.
Coast Guard and the National Weather Service, conducts a program to provide
radar imagery and inbterprebtive ice charts to assisl vessel navigation in the
Gregt Iakes to avolid ice areas which impede vessel transit. TIce-area boun-
daries are located and ice thickness measured. Information is furnished the
vessels in near-real-time.

PRESENT METHODS: A multi-engine, U.8. Coast Guard C-130 aircraft equipped
with an all-weather microwave side-locking airborne radar (SLAR) surveys
selected regions of the Great Takes. Radsr imagery is transmitted to the
7.8, Coast Guard Ice Navigation Center in Cleveland, Ohio, over two possible

communication networks: (1) a near-real-time transmission from the aircraft
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by an S-Band microwave downlink and on to the Ice Wavigation Center or (2) vy
a continuous real-time transmission from the aircraft to the SMS/GOES Satel-
lite in geosynchronous orbit by a VHF uplink from the aircraft and a subsequert
microwave downlink from the satellite to the Wallops Island, Virginia, ground
station, and on to the Ice Center by special dedicated telephone lines.

At the Tce Center, the SLAR data is used to generate a high-quality
SLAR image and ice thickness measurements. As soon as a Product is prepared
and at other prearranged times throughout the day, these Products will be re-
broadcast over the Lorain MARAD and Central Radio Marine VHF networks to
vessels operating on the Great Lakes equipped with the appropriate facsimile
receiver. ' .
SHORTCOMINGS OF PRESENT METHODS: The current system is very effective, having
been developed expressly for this operation. The C-130 requirement is
dictated by the size and weight of the airborne equipment. However, C-130
operational costs are high, and a less expengive gystem would allow increasing
the fregquency of the operations.
DESIRED FEATURES: An RPV which could be accurately navigated over a prepro-
grammed flight path approximately 1700 miles (2700 km) long, and perform the
same functions now conducted aboard the C-130 less expensively, would be
desirable.
TNDICATIONS COF SCOPE: The Great Lakes program conducts an average of 2
flights per week throughout the winter season. Expansion is being considered

to include shipping lanes to Canada, Hudson Bay, and the North Atlantic Coast.

POTENTTAT, USE: Fish Spotting .

DESCRIPTIQN: The purpose of this activity is %o find and identify schools of
fish in the ocean and direct commercial fishing boats to them. The faster a
bogt can fill its hold with fish and return to port, the greater the rate at
which it earns money. Aerial fish spobtting cuts down the time spent in
searching for fish. ’

PRESENT METHCDS: Many present commercial fishing boats carry a helicopter or
float~equipped fixed-wing aircraft. These are operated by a contract fish
spotter who flies and maintains his own aircraft.
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SHORTCOMINGS OF PRESENT METHODS: Visual observation works only in daylight
and fair weather and cannot spot schools below the surface.

DESIRED FEATURES: An ideal sysbem would find schools of fish and identify
their type whether they were on or below the surface and in day, night, or
fog.

INDICATIONS OF SCOPE: Virtually all of the U.8. twna boabts now carry an
aerial fish spotter. Other commercial fishing bhoats could benefit from them

and could be expected to use them if they were made economically feasible.

PCTENTIAL USE: Pipeline Patrol

DESCRIPTION: Gas and oil pipelines are patrolled to detect and report leaks
and potential hazards to the pipeline. Leaks are indicated by stains, changes
in vegetation, dead wild life, gas plumes, etc. Primery hazards are construc-
tion and agricultural activities near the buried pipe and excessive soil
erosion wnere the pipe crosses streams and gullies. Another item to be ob-
served is the position of the semaphore indicators that signal a malfunciion
of the cathodic protection system that protects the pipe against corrosion.
When any of these observables indicates a potential problem, ground personnel
are dispatched to prevent or correct the problem.

PEESENT METHODS: Pipelines are patrolled on foot, on horseback, and in ground
vehicles, bubt the most common method is by a single pilot-observer in a
gingle-engine fixed-wing light aircraft.

SHORTCOMINGS OF PRESENT METHODS: Present methods are satisfactory, but typic-
ally cost $0.30 to $0.38 per line mile ($0.19-0.24 per line kilometer)
patrolled.

DESIRED FEATURES: An ideal system would have capabilities equivalent to those
of a mannea aircraft, but wowld be less costly to own and operate,

INDICATIONS OF SCOPE: According to the American Petroleum Institube there are
250,000 miles (400,000 km} of interstate gas transmission pipelines, and
225,000 miles (360,000 km} of oil pipelines. There are over 100 companies
engaged in oil transmission alone in the United States. These are patrolled,
on the average, once per week, and the most common method is from a manned

aircraft.

Bi3


http:0.19-0.24

POTENTTAT, USE: Highway Patrol

DESCRIPFION: The mission is to patrol remote stretches of highways to locate
accidents, motorists in trouble, stolen or wanted vehicles, and unsafe road
conditions such as landslides, flooded stretches, or washouts. Upon discovery
of any of the above items, the information is provided to a dispatcher who
directs ground units to take appropriate action.

PRESENT METHODS: A number of states patrol heavily travelled highways with
manned aircraft, and all states patrol with automobiles.

SHORTCOMINGS OF PRESENT METHCDS: Many stretches of highway are too remote or
too lightly travelled to justify the expense of regular patrol by manned air-
craft. Tt is on these very stretches that motorists in trouble, accidents,
and unsafe road conditions tend to remain uwndiscovered for the longest time.
DESIRED FEATURES: An ideal system for this use would have the capabilities of
a manned-aircraft patrol at a much lower cost. All-weather and day/night
operations would also be desirable.

TNDTCATIONS OF SCOPE: Ab least 26 states patrol highways with manned aircraft.
Tn one operation (i.e., ‘California), each of the 3 fixed-wing aircraft is
operated 2900 hours per year, and each of 3 rotary-wing aireraft is operated
1800 hours per year. These operations are conducted along routes with histor-
ies of high incidence of accidents. Several thousands of miles of state and
_countGry receive little or no coverage because of lack of resources and the

high cost of .manned aircraflt patrol.

POTENTIAL. USE: Border Fatrol

DESCRIPTION: The U.S. Border Patrol, Bureau of Customs, and the Drug Enforce-
ment Agency each conduct aerial operations in the enforcement of federal immi-
gration and drug traffic regulations. The aptivities are designed to detect
and apprehend illegal alien border crossers, on foot or in vehicles, and sus-
pect aircraft and boat traffiec. The Border Patrol conduct routine, daily
aerial surveillance of international borders searching for evidence of illegal
aliens.

PRESENT METHODS: As an example, the Border Patrol employs Piper Super Cubs

and Cessna 182 aircraft along the Mexican border the Pacific Coast to
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Browngville, Texas. Flight altitude varies between 500 and 700 feet (150-210 m)
when practicablé, seeking evidence of border violations on foot or by ground
vehicle., Tn addition, seismlc and magnetic sensors are located along known
crossing paths, and I.R. sensors are installed in tunnels and culverts.

These are monitored at communications stations. Any indication of illegal
entry into the U.5. is forwarded to ground mobile units that investigate at
the location of suspect activities.

SHORTCOMINGS OF PRESENT METHODS: Current use of manned aircraft is a proven
success. Timitations in maximum effectiveness is because of restriction to
daylight operations and need for more aircraft. Night observation systems
(LLTV and searchlights) are being tested; however, the characteristic noise of
approaching conventional aircraft tends to negate any advantage of surprise.
Most border crossings occur at night.

DESIRED FEATURES: A low-cost RPV capable of being accurately navigated along
the border and providing high-resoclution, real time imagery detecting per-
sonnel or vehicle movement would effectively augment present manned aircraflt
operations. Quiet night operation is especially desirable,.

INDICATTONS COF SCOPE: There are approximately 22 aircraft and 50 pilots pre-~
sently assigned to the southern U.S. border. Again, these gre limited to day-
time operations. Expansion of surveillance in underway alcong the Canadian
border in anticipation of increased illegal border crossings during the

Olympic Games.

POTENTTAT, USE: Power-Line Patrol

DESCRIPTION: FElectric power transmission lines are patrolled routinely to
detect and report broken insulators, structural problems with towers (e.g.,
erosion around the base), and "hot spots" such as overheated transformers.
When a problem is detected, ground units are dispatched to correct the problem.
When a break occurs, an emergency inspection is made 0o locabe it. Storms are
the most common cause of breaks, however, and usually prevent an immediate
aerial inspecition.

PEESENT METHCDS: Power lines are patrolled on foot, on horseback, in ground

vehicles, and in fixed-wing light aircraft and helicopters.
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SHORTCOMINGS OF PRESENT METHODS: Present methods are satisfactory, but a less
costly method would be desirable. Aerial patrol typically costs $0.30-0.38
per line mile ($0.19-0.24 per line kilometer) patrolled by fixed-wing aircraft.
Helicopter patrol is more costly, but is done incidentally with aircraft that
are owned primarily for other uses.

DESTRED FEATURES: An ideal system would.allow low, slow visual observation

of power lines and structures, with the lines at eye level.

INDICATIONS OF SCOPE: The demand for RPVe in this use is unknown, but routine
patrol of power lines is considerably less frequent than patrol of pipelines.
The Pacific Gas and Electric Company, for example, covers their complete neb-
work of lines once a year, whereas pipelines are routinely patrolled once a

week.

POTENTTAT, USE: Waterway and Shoreline Pollution Detection

DESCRIFTION: Several federal, state and local government agencies routinely
patrol and monitor streams, rivers, lakes and U.S. coastal waters to detect
violations of the Federal Water Pollution Control Act and local water quality
regulations. Sources of potential polluftion include irrigation runoff, acid
mine drainage, industrial waste discharge, oil drilling and thermal discharges
from power plants.

PRESENT METHODS: Aerial remote sensing is used extensively by the Environ-
mental Protection Agency and other organizafions in conducting water pollution
monitoring operations. A variety of sensors and aircraft are employed to
detect, identify, or measure pollutants or other indicators of water quality.
Sensor types most frequently employed are day or night infrared scanners use-
Tul for detecting oil, waste outfalls and heated water discharge; cameras for
mapping in black and white, color or infrared color; reconnaissance cameras
for low altitude, ultra-high resolution photographs; and closed circuit TV
regarding pictorisl information on tape.

SHORTCMINGS OF FRESENT METHODS: Current techniques have proven to be very
effective and several successful prosecutions of violators have been attri-
buted to evidence cohtained by these techniques. Operational costs are high

because large aircraft are required since mission distances are long and
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airborne sensor equipment is bulky and heavy.

DESTRED FEATURES: Predicated upon the development of lightweight, small air-
borne sensors, RPVs could effectively augment, and in some cases replace,
manned aircraft. The system would require high navigational accuracy and
ability to store, and under certain conditions transmit to ground stations,
the required imagery. ILow cost and simplicity of operations are essential for
the system to be adopied by state and local government.

INDICATIONS OF SCOPE: Unknown.

POTENTIAL USES: Agriculbural Spraying and Cropdusting

DESCRIPTION: Chemical treatment of orchards and crops, forests, grasslands,
and orpamental growth is performed for a number of reasons: pest and weed
control, disease prevention, application of fertilizers and feeds, and
mosquito control. The basic requirement is to distribute precisely deter-
mined quantities of active chemical uniformly over a given area on the ground.
Normally this active material is dilubted with water, and quantities like 10-20
gallons per acre (95-190 1 per hectare) are dispensed. However, products
labeled as Ulbtra Low Volume (ULV) chemicals are emerging which can be used
nearly undiluted in quantities of a few ounces per acre (1-2 1 per hectare).
PRESENT METHODS: Although some spraying is performed on the ground using
equipment mounted on ground vehicles, the majority of the spraying is, from
the air using mostly fixed wing alrcraft designed especially for that purpose.
Some modified helicopters are also used.

SHORTCOMINGS OF PRESENT METHODS: Present methods are generally satisfactory,
but are costly and dangerous to the pilots of the manned aircraft.

DESIRABLE FEATURES: An ideal system would be less costly to own and operate
than manned aircraft, and safer.

INDICATIONS OF SCOPE: There are presently more than 8000 agricuitural-spraying
aircraft in the United States being used by more than 4000 companies and farm
operators. During the years 1973 through September 1975, there were 1204
accidents inveolving aircraft dispensing chemicals, resulbting in 96 persons

killed and 121 severely injured.
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POTENTTATL USE: Wilderness Spraying

DESCRIPTION: In the Pacific Northwest and the northeastern United States of
America and Canada there are millions of acres of conifers, such as Douglas
fir and spruce forests, that are continually endangered by the crop pest
called the spruce budworm. Atbempts to control the pest are conducted by both
countries.

PRESENT METHODS: To date aerial tankers, such as converted Constellations,
PV-2s, TBMs, and C-ks, have proven to be the most efficient and effective dis-
pensers of pesticides because of the need to cover very large, remote areas.
Small spotter or chase planes are used to guide the spray planes. As in con-
ventional agricultural spraying operations, uniform distribution of the chem-
ical is required. The common name for one widely used pesticide is malathion
which is available in an Ultra Low Volume (ULV) form. Obther chemicals are
being tested.

SHORTCOMINGS OF PRESENT METH(DS: Current techniques are very effective; how-
ever, it is understood that only 15% to 20% of the forests can be treated
annually because of high costs and limited resources to cover the very large
forest areas.

DESIRED FEATURES: Iarge quantities of chemicals must be dispensed during each
REV sortie in order to be competitive with the operational cost of manned air-
craft. Thirteen fluid ounces (380 cc) of ULV are required per acre (4000 m?)
of forest. Therefore, roughly one pound per acre (0.L45 kg per L4000 m?) is
needed. The RPV payload required for the application was not determined;
however, it is likely that a large payload, e.g., 500 pounds (225 kg), would
be necessary to be economically feasible. Spray altitude is 150 feet (45 m)

above the forest canopy.
INDICATIONS OF SCOPE: In 1975 a 2.2 million acre (8000 km?) spray project was

conducted in Maine using 45 airplanes and_employing L6 pilots. Spraying was

confined to only the most seriously affected forest area.

POTENTTIAL USE: Wildfire Fighting
DESCRIPTION: Aerial wildfire fighting is done by dropping water and/or fire
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retardant on wildfires.

PRESENT METHODS: Both fixed-wing aircraft and helicopters are used to drop
fire retardants, with fixed-wing aircraft accounting for about 85% of the
flight hours flown for retardant dropping.

SHORTCOMINGS OF FPRESENT METHCDS: Present methods are generally satisfactory.
However, the turbulence and poor visgibility due to smoke in the vieinity of
large wildfires make accurate delivery difficult. Up to one-third to one-half
of the retardant dropped can be wasted in severe situations. ‘
DESIRED FEATURES: An ideal system would deliver +the retardant accurately to
the desired target, even in the face of turbulence, and would be able to see
through the smoke so as to locate the target accurately.

TNDTCATIONS OF SCOPE: In 1974, more than 4000 wildfires were fought by the
U.8. Forest Service. More than 7800 flight hours were flown in delivering
lh.? miiltion gallons (55 million l) of fire retardant on those fires. At
least 75% of those flight hours were flown by commercially owned fixed-wing
alrcraft. Comparable figures Ffor fires not fought by the USFS were not
obtained.

POTENTIAL USE: Detecting Activities (Monitoring of Intrusion Detection Devices)
DESCRIPTION: Seismic, Accoustic, Magentic, and other types of intrusion
detection systems are employed by federal law enforcement agencies to detect
illegal personnel and vehicle border crossings, suspect aircraft take-of?T and
landings, and trespassers on government property. In addition, uses by the
private sector are increasing.

PRESENT METHCDS: Detectors are implanted at critical areas and monitored at
ground stations. The sensors are coded or otherwise identified to the exact
ground location. Repeaters are required over long distances in remote areas.
SHORTCOMINGS OF PRESENT METHODS: Electrical storm activity occasionally inter-
rupts relay transmissions; ctherwise, the systems operated satisfactorily.
Installations in extremely remote areas (such as aircraft landing strips) is
desirable; however, relay distances are often too great to be practicable.
DESIRED FEATURES: An RPV that could serve as a ground sensor monitor and

repeater station would require long transit range, .approximately 100 miles
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(160 ¥m), and long on-station capability (8-10 hours).

TUDTICATIONS OF SCOPE: The U.S. Border Patrcl now employs sensors along the
Mexican border, and expansion along Canada is underway. U.S. Customs desires
similar capability within the U.S8. %o assist in the detection and interdiction

of aircraft engaged in smuggling and drug traffic when they land at remote

alrstrips.

POTENTTAL USE: Emergency Rescue Beacons (Tracking Emergency Locator

Transmitter (ELT))
DESCRIPTION: On July 1975 all general aviation aircraft owners were required
to install an ELT system to assist in locating downed aircraft. ELTs operate
at 120 Miz (240 MHz military), compatible with standard general-aviation VHF
radios. Severe weather conditions, which may have caused the sccident, fre-
guently inhibit air search operations by manned aircraft.
fBESENT METHODS: The Civil Air Patrol (CAP), a civilian auxiliary of the
U.S. Air Force, is a volunteer corps of civilians enlisted and organized to
conduct aerial search in manned light aircraft for missing aircraft. The
armed forces also assist as required.
SHORTCOMINGS OF PRESENT METHdDS: Severe weather restricts manned aircraft
search operations. It is not unusual for search operations to be delayed
from 3 to 5 days in mountainous areas, during which time the survival prcha-
bility of pilot and passengers is reduced drastically.
DESIRED FEATURES: An ideal RPV for this use would be equipped with a VHF
receiver and would be capable of Eeing accurately navﬂgated through severe
weather conditions and also capable of being tracked (or by other techniques
located) at that point of maximum ELT signal strength.
INDICATIONS OF SCOPE: The FAA reports that over 900 general aviation aircrafi
accidents each year are attributable to weather. However, no estimates were
made of how many downed aircraft are objects of aerial searches each year.

¢

POTENTIAL USE: Monitoring Cathodic Protection of Pipeline
(Wote: This is not done separately, but is included in the Pipeline Patrol

use described elsewhere.)
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POTENTTAT, USE: Aerodynamic Research

DESCRIPTION: The military services, NASBA, and private industry are continually
conducting research programs, design sbtudies, testing and evaluating new con-
cepbs, maiterials and techniques to improve alrcraft performance, efficiency,
and relliability. This work results from either the establishment of entirely
new reguirements, or research is conducted to extend or expand the current
state-of -the-art.

PRESENT METHODS: Initial research findings are based upon applications of
known aerodynamic principles, laboratory and wind tunnel testing, and, on
occasion, subscale, non-piloted model flight tests. Lengthy, full scale
flight tests are ultimately required %o satisfy military standards or to
qualify for FAA type certification.

SHORTCOMINGS CF PRESENT METHODS: Unique aircraft concepts and designs for
which there is little or no background data, experience, or engineering pre-
cedence present risks during full-scale flight tests. This is particularly
true if not all aerodynamic phenomena can be thoroughly analyzed and under-
stood from studies,and laboratory and wind tunnel tests.

DESIRED FEATURES: Modular fixed remotely piloted research vehicles (RPRV)
should be useful in evaluating free-flight characteristics of alternative
wing and empennage designs, control surfaces, etc. The key feature would be
repid and simple substitution of alternative designs enabling low-cost flight
anglysis and trade-offs which would be very expensive uwsing full scale air-
craft. WNumerous RPRV's applications have already been demonstrated or planned,
including rigid rotor helicopber designs, the 3/8 scale F-15, and NASA Ames
skewed wing concept. RPRVs should also be useful in investigating stowed and

stopped-rotor helicopter transition phenomena.

POTENTTAL USE: Air to Alr Surveillance and Tracking

DESCRIPTION: The U.S. Customs Service conducts air operations throushout most
of the U.8. to identify and track aircraft suspected of internstional illegal
transportation of narcotics or other goods.

PRESENT METHODS: Missions are flown over both sides of the border ubilizing

a variety of aircraft, including the OV-1, S5-2D, Cessna 210 and 337, and the-
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Maule M-5. Normally flights to locate and follow suspect aireraft are conduc-
ted at night and based upon some type of prior intelligence and/or informer's
reports. Infrared sensors and radar are used aboard scme aircraft. Attempts
are made to locate staging areas (airstrips) on either side of the border.
SHORTCOMINGS OF FRESENT METHODS: Current methods and aircraft have proven to
be very effective, though\€ostly. Improved sensor performance at lighter
weight is desired.

DESIRED FEATURES: A potentially useful RPV system should be a high perform-
ance vehicle, with 800-1000 mile long range (1300 to 1600 km) and high speed
.350-450 knots (650-800 km/hr). Also, it would be essential that the RPV be

. accurately navigated and tracked, as well be able to lock on a suspect air-
craft and continuocusly follow its movements.

INDICATIONS OF SCOPE: There are 6 U,S. Customs airborne units along the

southern U.S. border, each operating from 8 to 10 aircraft.

POTENTTAT, USE: Communications Relay

DESCRIPTION: Clearly there are many civil activities where reliable commmni-
cation between both air and ground cperations is a key requirement. These
activities include law enforcement and fire fighting, search and rescue, and
long-range patrols (pollution monitoring, border pabtrol, pipeline patrol, and
many others). During this study, however, two requirements emerged as poben-
tially practicable applications for an RPV as a communications relay. One is
in the Bureau of Indian Affairs (BIA) that administers over 50 million acres
(30,000 kmg) of Indian lands and reports that communications between ground
units is usually limited to 30 miles (50 km) or less. The second is during
the conduct of fighting large timber and brush fires in remote areas.

PRESENT ﬁEEHODS: Manned aircraft are most frequently used during wildfires as
relays among mobile units and the base fire camps. Permanent watch towers
have limited use; however, they are expensive to construct and maintain and
cannot cover the thousands of square miles of forest area. Permanent towers

for use by the BIA are economically impractical for the same reasons.
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SHORTCOMINGS OF PRESENT METHODS: Manned aircraft employed for communications
relay functions are expensive and sometimes limited in use because of weather
conditions.

DESIRED FEATURES: An effective system would be a low-cost, portable RPV
capable of remaining on station from 6 to 8 hours. Also, it must be easily
launched, recovered, and serviced in remote areas.

INDICATED SdOPE: There are over 260 Indian reservations in the continental
U.S. and Alaska, approximately 40 of which have an area of 2500 square miles
(6500 KM2) or greater. More than k000 wildfires occurred in 197k, but no

estimate is available of how many reguired communication relays.

POTENTIAT USE: Security of Nuclear Materials in Transit

DESCRIPTION: The Nuclear Regulatory Commission is conducting studies of
future reguirements and techniques for the future safeguard of special nuclear
materials, including the security of these materials during transit from pro-
cessing and reprocessing plants to reactor stations.

PRESENT METHODS (CONCEPTS): The most common and flexible mode of transporta-
tion envisioned would be truck/trailer type ground vehicles. The advantage of
trucks over rail and air transportation is the ease in modifying routes (at
will, if necessary) and varying the time of the movement. Security is pro-
vided by strong-box containers, alarms, and security guards. Aerial survell-
lance would be a desirable augmentation to security, by providing potential
early warning of hijack atiempts, and by providing communications to reaction
forces.

SHORTCOMINGS COF PRESENT METHODS (CONCEPTS): The difference in aircraft normal
cruise and road traffic speeds and long distances travelled (and corresponding
total transportation time) are drawbacks to the use of aircraft.

DESIRED FEATURES: A concéept under consideration would provide for an RPV
stowed in & special compartment bullt into either the truck van or trailer. In
case of any suspecied or overt attempt to interfere with the vehicle, the RPV
would be launched, climb to an appropriate altitude, and mgintain surveillance
over the transport wvehicle. It would require the capability of sensing and

tracking any movement of seized nuclear material and the ability to communicate
accurate position location to reaction forces and law enforcement agencies.
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INDICATICNS OF SCOPE: Not predictable, but it is expected that the number of
U.S. nuclear power plants will increase to several hundred over the next 20

years.

POTENTTIAL USE: Severe-storm Research

DESCRIPTION: The U.S. National Weather SBervice conducts exbtensive research
monitoring and taking measurements of severe storms (thunderstorms, hurricanes,
cyclones, and tornados). The purpose ig to analyze storm formation and devel-
opment in order to provide forecasts of storm activity. Two separate missions
are envisioned for RPVs. They are:

1. Measurements of meteorologiczl data outside the storm cloud at

low altitude, including observations in the vicinity of tornado
vortices.

2. High-zltitude monitoring of the growth and decay of thunderstorms.
PRESENT METHODS: In addition to storm-watch stations, radar, and instrumented
weather balloons, aircraft are currently employed to obbain meteorological
obgervations of wind, temperature, pressure and humidity in the immediate
vicinity of tornado vertices and thunderstorms., Manned aircraft, such as the
F-100, F4C, ¢-120, Queen Air, U-2 and the RV-57F are used. Over ten years ago
drones were tried. However, radio control proved to be unreliable, presumably
because of atmospheric electrical activity.

SHORTCOMINGS OF PRESENT METHODS: Gathering storm data by manned aircraft is
uncomfortable and hazardous due to the extreme turbulence in the vieinity of
severe storms.

DESIRED FEATURES: An ideal system would have capabilities similar to a manned
aircraft system but without the hazard and discomfort to the operators.
TNDICATIONS OF SCOPE: The National Severe Storms Laboratory, Norman, Oklahoms;
Hurricane Research laboratory, Miami, Florida; and the Environmental Research
Laboratory, Boulder, Colorado, are three major R&D organizations studying
storms growth, structure, and dynamics. BSevere storm freguency varies from
Lo to 90 per year along the Atlantic Coast and the Gulf of Mexico and from
50 to 70 in the midwest U.S.
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POTENTTIAT USE: Meteorologicgl Data Collection

DESCRIPTION: The use envisioned here is the routine gathering of daily
weather data, as conducted by scores of weather stations across the U.S5. and
around the world.

PRESENT METHODS: Weather balloons are presently used to gather this infor-
mation. They are tracked visually or by radar. In most applications, they
carry radiosonde instruments alofi, although some are simply tracked to deter-
mine wind conditions.

SHORTCOMINGS OF PRESENT METHODS: Weather balloons are not recovered, and a
high percentage of the instrumentation packages are lost. These losses amount
to a substantial annual cost.

DESTRED FEATURES: An ideal system would be simple to operate, reliable, and
less costly to own and operate than the present system of balloons. Tt should
also be substantially compatible with the ground portions of the present system.
TWDICATIONS OF SCOPE: The Weather Service experds weather balloons in the

following annual quanbities:

80,000 balloons to 90,000 feet (27,500 m)

35,000 balloons.to 20,000 feet (6,000 m)
Approximately 6,500 balloons to 10,000 feet (3,000 m)
Of those, the ones to 90,000 feet (27,500 m) and 10,000 feet (3,000 m) carry
instrument packages. Only 25% of the instrument packages are recovered. The

balloons are launched from over 150 statlions throughout the U.S.

POTENTTAT, USE: Mapping Pollutants

DESCRIPTION: Air-pollution control districts model and map the horizontal and
vertical distribution of meteorclogical and pollution atbtributes over an air
basin. They do it regularly and routinely to determine when trash may be
burned, when to issue smog alerts, etec. They map btemperature and wind struc-
ture, turbulence, solar radiation, and the distribution of CO, NQK, SQK, hydro- -
carbons and other organics, and particulates. RPVs could be used to fly
instrumentsrand sampling devices to various altitudes and ftake the necessary
nmeasurements. ‘ )

PRESENT METHODS: In addition to balloon-gathered information from U.S. Weather
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Service, various methods are now used to gather the data. Civic-minded local
volunteers sometimes fly their own manned airecraft, charging only for fuel
costs. Tixed instruments mounted on existing radio or TV transmitter towers
are used. Groundbased acoustic sounders measure the altitude of the tempera-
ture inversion. In some places, radio-controlled model aircraft have been used.
SHORTCOMINGS OF PRESENT METH(DS: Manned aircraft are too expensive unless
donated by volunbteers. Also, they are not allowed to sample below 1000 feet
(300 m) altitude over populated areas. U.S. Weather Service balloon soundings
are taken only at weather stations and are too costly to be taken by the
poliution conbrol district frequently and at many locations. Fixed instruments
on transmitter towers are good but are limited to locations where towers exist.
Acoustic sounders map the temperature inversion altitude but cannot measure
winds or pollutants. Radio-controlled models depend on visual control and do
not give precise navigation accuracy.

DESIRABLE FEATURES: An ideal system would provide low-cost, frequent samples
routinely. It would provide real-time readout of data and would take measure-
ments from 50 feet (15 m) altitude on up to 5000 feet (1500 m). It would
measure wind speed and direction aloft to within ilm/sec and ilOO, respectively,
and would take such measurements at about 10-sec intervals. It would be able
to sample many points (perhaps 20) throughout an area of L0O00-500 square miles
(10,000-13,000 km?).

INDICATIONS OF SCOPE: Each U.S. state and many city govermments conduct air
pollution sampling and control programs. The Environmental Protection Agency
operates nationwide. In addition, the National Weather BService provides
advisories on weather conditions affecting atmospheric pollutants from Air

Stagnation Adivsory Areas throughout the U.S.
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. APFENDIX C
CAPABILITIES NEEDED IN POTENTIAL USES

The funectional and performance requirements for RPV gystems are organ-
ized here into the same format for all of the nine selected missions. First,
a general mission description is given, general system requirements are given,
and then the requirements for the major subsystems are given, The headings
are:

A, System Capabilities

B. Sensor/Payload

C. Air Vehicle

D. Ground Control Station

E. Data and Control Link

F. Iaunch and Recovery

G. Support and Maintenance.

Requirements Common to All Uses

Many of the required or desired capabilities that were established are
common to all nine of the selected uses and, by extension, to the remaining
26. The common cnes are listed here and are not repeated in the sections for
the separate uses.

A. System capabilities, -

o Be operable by a minimum number of operators (preferably one) with a
minimm of specialized training.

0 Operate with a minimum of operator attention consistent with the
mission.

0 Be less costly to own and operate than a manned-aircraft system.
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Sensor/payload. ~ For the systems that use sensor payloads for Pro=-

ducing visuval imagery of the ground or ocean surface, the following capabil-

ities are common.

c2
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Be controllable in azimuth and elevation to cover at least the lower
hemisphere, e.g.,

azimuth + 180°

elevation + 10°, - 90°.
Have a field of view (FOV) and magnification variable in fliéht,
either by continuous zoom or in two or more discrete steps.
Be stabilized in both pitech and roll.
Be gelf-limiting or self-adjusting for changes in light intensity, so
that areas of both bright light and shadow can be observed.
Be able to track a surface point and keep it within the FOV, either
automatically or by remote control from the -ground station.
Air vehicle., -
Be stabilized in pitch, roll, and yaw and controlled in speed, alti-
tude, and heading by an autopilot so that the operator is not required
to pilot the aircraft. '
Have fail-safe provisions for reestablishing & lost control link and
for a programmed safe descent if the link is not .reestablished.

Ground control station. -

Display continuously the speed, altitude, heading, and location of
the air vehicle.

Display air-vehicle operating data (e.g., fuel remaining) required
for safe operation.

Provide for commahding speed, altitude, and heading (or their respec-
tive rates) to the air vehicle.

Be operable by a minimum number of operators (preferably one) with a
minimum of specialized trasining.

Operate on ordinary commercial power if it is available, with provi-
sions to return and land the air vehicle safely in case of failure of

commercial power.



o Perform the continuous caleculations and control necessary for navi-
gation and flight control and to drive the displays.
E. Data and control link. -

0 Be resistant to electromagnetic interference.
0 Operate continuously for positive control of the air vehicle.
0 Be able to reestablish a lost link readily.

¥. Taunch and recovery. -~ Prevenit or minimize danger to other aireraft

that may be in the vicinity.

G.__Support and maintenance. — Provide for roubine serviecing of the

entire system with 2 minimum of personnel with a minimum of specialized
training.

Requirements in the Nine Specific Uses

The reader should bear in mind that the numerical values presented here
are approximate only.' If a system were to be actually designed for one of
these uses, the requirements should be thoroughly examined in detail. These
values, however, are believed to be internally consistent and representative
of actual requirements.

Mission 1, Security of High-Value Propertvy. — The kind of security oper-

ation envisioned would involve two types of activity: (a) periodic aerial
patrol of the complete area to look for theft, fire, or other emergencies. in
progress, and (b) on~call aerial response to investigate suspected emergencies
reported by other means. The RPV would carry an electro-optical sensor (e.g.,
a TY canm:g) and transmit a real-time image of the scene below to an operator
at a ground control station.

When an emergency or a suspicious activity is detected, the RPV would
remain over the location of the activity, take a closer look by optically
zooming in on the suspicious scene, and maintain surveillance of it while
ground units are sent to the scene. If the suspicious activity involves an
apparent crime, the RPV would follow any suspect escaping on foot or in a

vehicle and direct ground units to intercept him. A permanent record, by
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videotape or hard-copy, could be made of the imagery transmitted to the
ground control étation, for use as evidence if necessary. The following are
tentative top-level performance requirements for an RPV system to perform
security patrol of high-value, small~area property such as railroad yards,
warchouse districts, and industrial facilities. They are derived partially
from discussions with potential users.

A. 38Bystem capabilities. -

1. Operating from one corner of an area two miles by one mile (3.2
km x 1.6 km), be able to cover every point in the area once every hour on
routine patrol.

2. Be able to respond to any point in the area in no moré than five
minutes from a stand-by, engine-off condition on the ground.

3. Be able to maintain any point in the area under continuous real-
time surveillance indefinitely (within the 1imits of airecraft endurance ).

L. Operate at or below 800 feet (245 m) above ground level (AGL),
to avoid interference with general aviation.

5. Detect people on the ground, day or night, from operating alti-
tude. Be able to observe their actiyity and assess its legitimacy. Transmit
a continuous, real-time image Yo the ground operatof.

6. Distinguish motor vehicles by type, style, and manufacturer from
operating altitude.

7. Be able to follow a particular motor vehicle (or person) and
keep it (or him) under surveillance as long as it (or he) remains in the open.

8. Determine the location of objects (people, vehicles, etc.) on the
ground with sufficient accuracy to direct ground vunits to intercept them.

9, Be quiet enough to go unnoticed from directly below when at 800
feet (245 m) altitude.

10, Take off and land the air vehicle(s) from an area 50 feet by 50
feet (15 m x 15 m) without restricting normal traffic and human activities in
the surrounding areas.

11, Ability to communicate with people on the ground (e.g., with a
loudspeaker) and to illuminate ground objects is desirable, but not essential.
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12. Be able to provide a permanent record of selected imagery and
information transmitted to the ground control station, when desired by the
operator.

Derivation of performance requirements: The FOV is selected to obtain
the required coverage rate of the area patrolled within the constraints of
the maximum operating altitude, the available sensor resolution, and two
other factors affecting the likelihood of detecting objects or activities on
the ground, i.e., image motion and the length of time an object is in the

field of view. The relationships among these variables are as follows.

C=7VW (¢1)
where C = coverage rate (area per unit time)
V = speed of the aircraft
W = width of the strip of ground within the FOV.
Assuming the sensor points straight down during patrol,
W =23 tan (8_/2) (c2)
where a = altitude of the aircraft

Il

Qb FOV measured across the flight direction.
The expression for resolution recognizes that objects at the edge of the FOV
are farthest frow the sensor and thus subtend greater angles than objects
nearer the center, i.e.,
R=18/N (c3)
where R = resolution of the sensor, in radians per resolution cell
1 = slant range to an object at the edge of the FOV
N = number of resolution cells oriented across the flight path.
By simple geometry, 1 = a/cos(eb/z). (C4)
These four equations can be combined into an overall expression relating

i}

coverage rate, speed, altitude, sensor resolution, number of resoclution cells,
and FOV:

C=2 VBN cos(Gc/E)tan(Gc/Z)/ec (c5)
The time, T, a point on the flight path is in the FOV 1s given by
T=1L/V =2 a tan (eL/z)/v (C6)

where L = length of the strip of ground within the FOV
GL FOV measured along the flight direction.
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Tmage motion is given in Reference 4 as

X = (V/a)sinﬁ (1 - coa~ W 003?}3 )%-' (c7)
where o¢ = angular image motion (rad/sec)
B = line of sight depression angle
¢/ = line of sight azimuth angle.
Tmage motion should be less than about 0.05 rad/sec, in order not to degrade

resolution too much. (The actual value depends on sensor characteristics.)

I

From the requirement to cover the patrol area once every hour, and add-
ing ten percent for overlap and lost time, let C = 2.2 miz/hr (3.1 kmz/hr).
The following values were found to give that value and alsoc to be consistent
with sensor technology, the altitude limit, and adequate resolution.

R =8 in, (20 cm) )
N = 600 resolution cells
a = 800 £t (245 m)

V = 30 mi/hr (13 m/sec)

_ Q
8, = 300
GL = 30

These values give an image motion of 0.055 rad/sec and a value of T =
9.7 sec. They are the basis for the performance requirements that follow.
B. Sensor/payload. -

1. Have a FOV of 30° by 30° for general patrol.

2. Have resolution sufficient to detect people on the ground any-
where in the FOV from an operating altitude of 800 feet (245 m) AGL, while at
the 30° by 30° FOV setting, and identify their general activity.

3. Have resolution and magnification sufficient to distinguish motor
vehicles anywhere in the FOV by type, style, and manufacturer from an operat-
ing altitude of 800 feet (245 m) AGL, at the highest magnification setting.

Le Operate day or night with no artifieial lighting other than am-

bient light ordinarily present.
C. Air vehicle. —
1. Cruise at 30 mph (13 m/sec) at an altitude of 800 feet (245 m)

AGL.
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2. Have an endurance of at least one hour with reserve fuel for 15
minutes, at a speed of 60 mph {26 m/sec) trus air speed (TAS) at MSL (%o
operate in 30 mph winds).

3. Take off and land in winds up to 30 mph.

4. Have a top speed of at least 60 mph TAS at MSL. A top speed of
90 mph (i.s., 60 mph into a 30 mph wind) is desirable.

5. Be capable of starting, warming up, and taking off in two and
one-half minutes or less. '

6. Be capable of refueling and turn-around (land, refuel, takeoff)
in five minutes.

7. Be able to either hover over a point on the ground or turn
tightly about the point to keep it continuously in sight.

D. Ground control station. -

l. Display a continuous real-time image of what the sensor payload
on the air vehicle sees.

2. Control the pointing of the sensor and the zoom or FOV 'adjustment.

3. A positively controlled, preprogrammed patrol flight path is
desirable, with manual override capébility and provisiong for changing the
preprogrammed path readily.

4. Control the air vehicle to fly the desired flight path and mis-
sion profile with corrections for winds and gusts vp to 30 mph from any
direction.

E., Data and control link. - (Covered above, under "Common requiremen$s“)

F. Iaunch and recovery. -

1. Mobility or portability are not required.

2. Take off and land the air vehicle from a dedicated area 50 feet
by 50 feet without restricting normal traffic and human sctivities in the sur-
rounding areas.

3. Be able to operate over twenty-foot obstacles (e.g., buildings)
adjacent to the 50 feet by feet operating area.

G. OSupport and maintenance: Provide support and maintenance to keep
each air vehicle in the air four hours oub of every 24 hours in a steady-state
operation.
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Mission 2, Wildfire Mapping. -~ The mission of wildfire mapping consists

of flying over a wildfire and furnishing the characteristics of the fire to
fire—control officers at periodic intervals and in enough detail to allow
timely decisgions to be made about the use of suppression resources. During
control operations, these decisions are based on the dynamic characteristics
of the fire perimeter and its relationship to fuels, weather, topography,
values threatened, and the availability of suppression forces. During the
mop-up, decisions are based on the identification and location of latent hot
spots such as smouldering roots and logs.

The following are tentative top~level performance requirements for an
RPV system to perform the wildfire mapping mission. They are derived
from discussions with the U.S. Forest Service and the California Division of
Forestry, but should not be considered offieial thinking of either agency.
However, References 5 and 6 were used sxtensively as source documents.

A, System capabilities. -

1. Image large fires in such a way that the fire perimeter, inelude
ing smouldering edges and flaming fronts, can be located accurately with
respect to geographical features, i.e., to the nearest fifty feet (15 m).

2. Locate small spot fires adjacent to a large fire. (See Section
H, Definitions, below, for definitions of small and large fires.)

3. Locate small, hot fires within a large burned area during mop-up
Operations.

4+ Provide near-resl-time high-quality imagery of the area mapped,
with good background detail, e.g., roads, firelines, and fuel breaks to the
nearest fifty feet (15 m) outside the. fire perimeter.

5. Provide intelligence about fire perimeter locations, rate of
spread, spot fires, fire intensity, and location of interior unburned areas.

6. Provide the imagery to both the main fire camp and zone camps
around the fire perimeter.

7. During the uncontrolled state of a fire, provide imagery at
least four times per day. Once a fire has been contained, provide imagery
tuilce per day, during mop-up.

8. Be able to operate with a minimum of operator attention.
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9. Provide a permanent record of imagery and information.
10. Map Fires at a rate of at least 150 miz/hr (385 lﬂnz/hr).
The speed, altitude, and FOV calculations for this mission were made
using equations Cl and C2.
B. Sensor/payload. -

1. While covering a large fire at a rate as low as 150 square miles
per hour (385 kmz/hr), operational equipment must image large fires without
distortion on the imagery adjacent to hot areas so that the fire perimeter,
including smoldering edges and flaming fronts, can be located to the nesarest
fifty feet (15 m).

2. Cover an equivalent total field of view (TFOV) of 100° (nadir +
500) with + 10° correction for aircraft roll, giving a total equivalent scan
of 120°.

3. Meet environmmental requirements normally applicable to aireraft
equipment.

4o Operate day or night.

5. Observe background temperature differences of 1 ¢ for adequate
terrain-~feature mapping.

6. Have an angular resolution of 1 mrad or better.

(NOTE: Many sensor-related requirements that can be met potentially by sig-
nal processing and display on the ground are discussed in Section D,
below. )

G, Air vehicle. -

1. Be able to cruise at 70 mph TAS at an altitude of 12,000 feet
(3650 m) above mean sea level (MSL), i.e., 5000 feet (1500 m) above ground
level (AGL) over terrain of 7000 feet (2200 m) elevation.

2. Have endurance for the following mission profile (1F hours) plus

0O mi .
30 minutes reserve L 1.0 hr

—

|
l —
, {/1 — =1
H i !
i (over the fire) 5000 £t
[ | AGL
, !
{ . E ¢ 7000 ft
e 10 miles I MSL
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3. Take off and land in winds up to 30 mph {13 m/sec).

L. Have a top speed of 100 mph (45 m/sec) true air speed (TAS),
i.e., be able to return to base at 70 mph (30 m/sec) against 30 mph winds.

5. Be mainhainable enéugh to spend eight hburs in the air out of
every 2/ hours for a period of ten days (i.e., four flights per day).

) 6. Navigate with sufficient accuracy to follow the mission flight
track within + & mile.

7. Be easily transportable by standard truck or trailer over rough
roads. After delivering the air vehicle and its ancillary equipment, the
truck should be freed for other uses.

D. Ground control station.-There are two main functions of the ground

station. One is to control the air vehicle, and the other is to process the
data and portray the imagery from the air vehicle. The equipment for the two
functions should be separable, with the data processing and imagery located
at one or more fire camps and the control of the air vehicle at or near the
main fire camp.

l. Control a single air wehicle in the air at any one time.

2. Display a continuous real-time image of what the sensor payload
on the air vehicle seess.

3. Provide a positively controlled, preprogrammed patrol flight path
for the air vehicle with manual override capability and provisions for chang-
ing the preprogrammed path readily.

4o Control the air vehicle to fly the desired flight path and mis-
sion profile with corrections for winds and gusts up to 45 mph (20 m/sec)
from any direction. . '

5. Provide near-real-time, hard-copy, high-quality imagery.of the
area patrolled. The imagery must display terrain features with enough resolu-
tion for a photointerpreter to locate spot fires to the nearest 0.25 mi (0.4
km) and terrain features to within 50 feet (15 m).

6. Provide automatic target discrimination (i.e., spot-fire detec-
tion), and mark the hard-copy imagery to indicate the location of a discrim-
inated target.

7. Be easily portable by helicopter or pickup truck.
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8. Operate on locally-generated power or on ordinary commercial
power, with provision to land the air vehicle safely in case of failure of
commercial power.

9. The system mnust diseriminate and mark small fire targets with
a radiometric power of 1/10 the maximum background variation on the -imagery,
and at the same time reduce false alarms to near zero. Technigues such as
specbral discrimination and scan—to-scan and time correlation may be used to
eliminate spurious aireraft noise, navigation pulses, and external radar
signals.

10. Slant-range correction (rectilinearization) must correct for
changes in aspect ratio from nadir to the edge of the scan. Ground distances
measured on the image from nadir to + 400 must be linear to within two per
cent. The average density caused by slant range correction must not vary
more than one gray scale across the image perpendicular to the line of flight.

E. Data and control link.- {(Covered above, under "Common requirements")

. Iaunch end recovery.-Take off and land from a cleared, unimproved

area at a temporary fire camp.

G. Support and maintenance. - Provide support and maintenance adequate

to keep the air vehicle in the air eight hours out of every 24 hours for two
weeks at a time. '
H. Definitions.- (From Reference 6 )
Small forest fire For this specification, at least one square foot
(0.1 1) of hot burning material (600° C.) that
does not meet the requiremenis of a large forest
fire.
Large forest fire Any fire that has escaped initial suppression
forces and requires additional manpower to contain.
Spot fire Similar to the small forest fire, but near a large
forest fire,
Background All objects within a surveillance area that have
radiometric temperatures of 500 C. or less. Other
signals normally considered as background (e.g.,
solar reflections from buildings or water, geysers,
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and hot highways) are excluded and must be taken
into account when targets are interpreted.
Gray scale Defined as 1/+/ 2 times density from the maximum
' density to fog level of the image medium.

Migsion 3, Wildfire Detection. - The mission of wildfire detection con-

sists of flying over large areas of forest, brush, or grasslands, detecting
small, latent-stage firés, and determining their locations with enough preci-
sion to dispatch ground units to control them. The main idea is o locate
fires started by lightning storms before the fires can spread. The RPV sys-
tem would be based at a location central to the protected region and would

fly missions .over areas of the region that have experienced lightning storms.
The missions would be flown as soon after the storm as the clonds have cleared,
usually a very few hours after the lighitning activity.

The RPV system is not responsible for locating storms, selecting areas
for overflight, or suppressing the fires. These activities are already pro-
vided for.

The following are tentative top-level performance requirements for an
RPY system to perform the wildfire-detection mission. They are derived partly
from discussions with the U.S. Forest Service and the California Division of
Forestry, but should not be considered official thinking of either ageney,
although References 5, 6, and 7 were used extensively as source documents.

A. OSystem capabilities. =~

1. Operating from a base centrally located in a forest region’ 400
miles (640 kmj,in radins, be able to fly to any area in the region and fly a
Predetermined, precise pattern over the area to scan it for wildfires.

2. Patrol 6000 square miles (15,300 kmz) per mission, covering at
least 2000 square miles (5100 I ) per hour,

3. Detect small, latent-stage wildfires with nearly 100 percent
probability, in the presence of background temperature extremes.

4. Present information in such a way that a photointerpreter (PI)
can locate the fire to the nearest 0.25 mile (0.4 km). '

5. Provide high-quality, near-real-time imagery of the area
patrolled.
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6. Takeoff and landing may be from an ordinary air strip, provided
proper air traffic control is provided around the air strip to prevent danger
to other aircraft.

7. Provide a permanent record of imagery and information.

The speed, altitude, and FOV calculations for this mission were made
using equations Cl and C2.

B. Sensor/payload. -

1. While covering a search area at a rate of at least 2000 sguare
miles per hour (5100 km?/hr) from 15,000 feet (4600 m) above terrain with
backgrounds ranging from 0° to 50° C., operational equipment must detect
(with nearly 100 percent probability) every unobscured, one-square foob (0.1
mg) 600°C. fire. OF equal importance, image quality must be sufficient to
permit PI interpretation of fire location to the nearest 0.25 mile (0.4 km).

2. Gover an equivalent total field of view (TFOV) of 120° (nadir +
60°) with + 10° correction for aircraft roll, giving a total equivalent secan
of 140°,

3. Meet envirommental requirements normally applicable to airerafi
equipment,

4. Ability to operate day or night is desirable.

5. Observe background temperature differences of 1 to 2 CO, for ade-
quate terrain feature mapping.

(NOTE: Many sensor-related requirements that can be met potentially by sig-

nal processing and display on the ground are discussed in Section D,
below.)

Ce Air vehicle. -
1. Cruise at 200 mph (90 m/sec) at an altitude of 20,000 feet
(6100 m} above mean sea level (MSL), i.e., 15,000 feet (4600 m) above ground
level (AGL) over terrain of 5000 feet (1500 m) elevation.

2. Have an endurance of at least eight hours, with reserve fuesl for
at least one hour.

3. Take off and land in winds up to 30 mph (13 m/sec).

4. Have a top speed of at least 240 mph (110 m/sec) true air spaed
(TAS). '
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5., Be maintainable enough to spend eight hours in the air out of
- every 24 hours, on a steady-state basis.

6. Navigate with sufficient accuracy to follow the mission flight
track within + % mile.

D. Ground control station. -

1. GControl. two air vehicles in the air at any one time (mission +
relay).

2. Provide a positively-controlled, preprogrammed patrol fiight

path for the air vehicle, with manual override capability and provisions for
changing the preprogrammed path readily.

3. Control the air vehicle to fly the desired flight path and mis-
sion profile with corrections for winds and gusts up to 45 mph from any
direction. '

4+ Provide near-real-time, hard-copy, high quality imagery of the
area patrolled. The imagery must display terrain features with enough resol-
ution for a PI to locate fires to the nearest 0.25 mile (0.4 km).

5. Provide automatic target discrimination (i.e., detection), and
mark the hard-copy imagery to indicate the location of a diseriminated target.

6. Portability is not required.

7. The success of this system depends entirely upon its ability to
locate and mark small fire targets on the imagery. The system must diserimi-
nate and mark small fire targets with a radiometric power of 1/10 the maximum
background variation on the imagery, and at the same time reduce false alarms
to near zero. Techniques such as spectral discrimination and scan-to-scan
and time correlation must be used to eliminate spurious aircraft noise, navi-
gation pulses, and external radar signals.

8. Slant-range correction (rectilinearization) must correct for
changes in aspect ratio from nadir to the edge of the scan. Ground distances
measured on the image from nadir to + 50O must be lingar to within two per
cent, The average density caused by slant range correction must not vary
more than one gray scale across the image perpendicuwlar to the line of
flight.
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E. Data and control link.= {Covered above, under "Common requirements")
F. ILaunch and recovery.- Take off and land at an ordinary air field.

G. Support and maintenance.- Provide support and maintenance adequate
to keep the air vehicle in the air eight hours out of every 24 hours in a
agteady-state operation.

Mission 4, Fishing.law Enforcement. - Fishing-law enforcément by aerial
observation and investigation is concerned with detecting illegal fighing in
U.S.~regulated coastal waters. The possible use of RPV (remotely piloted
vehicle) systems for such observation will become of intevest if international
conventions extend the limits of regulation from the presently recognized (by
the U,S.) 12-mile (19 km) 1limit to a 200-mile {320 km) limit, since the result-

*ing, sudden, 16-fold increase in area to be regulated could tax the capacity
of the U.S. Coast Guard severely. It is envisioned that RPV systems would
supplement the Coast Guard!s surface ships and manned aircraft patrols by
performing the routine large-area surveillance for detection and location
of fishing fleets and large fishing vessels. The manned aircraft or surface
ships would then spot check at appropriate intervals by close inspection of
the type of fishing and the precise locations of the fishing vessels.

The following are tentative top-level performance requirements for an
RPV system to supplement manned airecraft and surface ships in fishing-law
enforcement. They are derived partly from discussions with U.S. Coast Guard
personnel, but do not represent offieial thinking of the Coast Guard.

A. System capabilities. -

1. Operating from a land base on the coast, be able to cover every
point in an offshore area 200 miles by 200 miles (320 Jm by 320 km) once every
day.

2. Detect any ship larger than 100 feet (30 m) in length from oper-
ating altitude and determine its location to within CEP = one mile (1.6 km).

3. Estimate the speed of detected ships to within £ 5 knots (+ 9
km/hr) and direction of travel to within + 10°

4« Be able to detect and locate ships (iten 2, above) and estimate
speed and direction (item 3, above) day or night and when there is cloud
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cover. The ability to identify a ship, at least by type, day or night and
when there is cloud cover is desiréble but not required.

5, Plot the locations of all identified fishing fleets and large
fishing vessels in the 200 mile by 200 mile (320 km by 320 km) area. Update
the plot at least once every day.

6. Takeoff and landing may be from an ordinary air strip, provided
proper air traffic control is provided around the air strip to prevent danger
to other aircraft.

7. Be able to provide a permanent record of imagery and/or informa-
tion gathered.

B. Sensor/payload. — Be able to operate day or night and in the pre-

sence of cloud cover, with at least the capability to detect and locate ships
and to estimate speed and direction. The ability to identify ships, at least
by type, at night and in the presence of cloud cover is desirable.
C. Air vehicle. = -
1. Cruise at 80 mph (36 m/sec) at an altitude of 15,000 feet (4500

m) above mean sea level (MSL).

2. Have an endurance of at least four hours, with reserve fusl for
30 minutes.

3. Take off and land in winds up to 40 mph (18 m/sec).

4. Have a top speed of at least 100 mph {45 m/sec) true air speed
(TAS) (i.e., to return to base at 60 mph (27 m/sec) against 40 mph (18 m/sec)
winds).

5. Be maintainable enough to spend four hours in the air out of
every 24 hours, on a steady-state basis.

6. Have a (fixed?) forward-looking TV camera for takeoff and land-
ing use.

7. Have a navigation capability to know air vehicle location to
within CEP = 0.5 mile (0,8 km).

D. Ground control station. -

1. Control a single air vehicle in the air at any one time.
2. Display a real-time image of what the TV camera in the air

vehicle sees.
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3. Provide a positively-controlled, preprogrammed patrol flight
path for the air vehicle with manual override capability and provisions for
changing the preprogrammed path readily.

4. Gontrol the air vehicle to fly the desired flight path and
mission profile with corrections for winds and gusts up to 45 mph (20 m/
sec} from any direction.

5. Provide a permanent record of the data from the RPV (plus per-
tinent data such as time, date, and location of RPV).

6. Portability is not required.

E. Data and control link. - (Covered above, under "Common requirements™)

¥, Tasunch and recovery. -
1. Take off and land from an ordinary air field.

2. Provide adequate air traffic control around tﬁe air field to

prevent danger to other aireraft.

G. _Support and maintenance. - Provide support and maintenance adequate
to keep each air vehicle in the air four hours out of every 24 hours in a
steady-state operation. .

Mission 5, Highway Patrol. -~ This mission for RFVs is to patrol stretches
of highway that are too remote or too lightly traveled to justify regular
patrol by manned aircraft. The RPVs would supplement existing patrols by

manned aircraft.

The RFV would carry an electro-optical sensor (e.g., a TV camera) and
transmit a real-time image of the scene below to an operator at a ground con-
trol station. The objective is to locate accidents, motorists in trouble,
stolen or wanted vehicles, and unsafe road conditions such as landslides,

flooded stretches, or washouts, Upon discovery of any of the above items,
the necessary information would be provided to a dispatcher on the ground,

who would direct ground units to take appropriate action.

In the case of stolen or wanted vehicle, the RPFV would follow it and
keep it under surveillance until ground units could intercept it. A permanent
record, by videotape or hard-copy, could be made of the imagery transmitted to

the ground control station, for use as evidence if necessary.
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The following are tentative top~level performance requirements for an
RPV system to perform highway patrol. They are derived partly from discus-
sions with potential highway patrol users.
A. System capabilities. -
1. Operating from a base at or near a highway patrol station, fly

daily patrols of highways anywhere in a region within 150 miles of the sta-
tion, at the discretion of the operator.

2. Operate eight hours per day, 365 days per year, covering approx-
imately 700 miles (1100 km) of path length each day.

3. Distinguish motor vehicles by type, style, and manufacturer from
operating altitude. .

4. Be able to follow a particular motor wehicle and keep it under
surveillance as long as it remains in the open.

5. Determine the location of objects (pesople, vehicles, etc.) on the
the ground with sufficient accuracy to direct ground units to them.

6. Be able to maintain any point in the area under continuous real-
time surveillance indefinitely (within the limits of aireraft endurance).

7. Operate at or below 800 feet (245 m) above ground level (AGL) to
avoid interference with general aviation. Be able to descend to lower alti-
tude for a closer look.

8. Be able to communicate (e.g., by loudspeaker) to people on the
ground, to ask the nature of their problem (e.g., mechanical trouble, injured
person, out of gas, etc.), and to tell them what action is being taken to aid
them. Voilce communication from the people on the ground is not required, but
the RPV must be able to transmit a real-time visual image of their sign-lang-
usge responges to the operator at the ground control station.

9. The ability to operate at night and in fog or bad weather is
desirable.

10. Navigate well enough to keep the road in the field of view with
a minimum of operator attention. Have provisions for manual correction of
drift.

11. Be able to provide a permanent record of selected imagery and
information transmitted to the ground control station, when desired by the

operator.
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In order to patrol 700 miles (11C0 km) in a normal operator work shift
of eight hours, the patrol speed must be about 90 mph (40 m/sec). Flying at
800 feet (245 m), the image motion using a vertical-pointing sensor would
exceed the acceptable level of ~ 0.05 rad/sec and cause blurring. We find
that depressing the center of the FOV to an angle of,@ = 23° below the hori-
zontal, and providing a vertical FOV of QL = 200, give a maximum depression
of 33° to the line-of-sight from the sensor to an object at the bottom of the
FOV. From equation C7, a speed of just over 90 mph (40 m/sec) is allowable
without exceeding 0.05 rad/sec image motion.

The time that an object is in the FOV is no longer given by equation Cé.
With the depression angle B # 900, the expression becomes

T=a ]__tan {9o° - (f- eL/z)} - tan { 90° - (B + eL/z)}] /v (c8)

where T = time a point is in the FOV

a = altitude of the aireraft

3 o
ﬁ = sensor depression angle ()
8, = vertical FOV (°)

V = speed of the aircraft
For the above values; equation C8 gives a time of T = 16.9 sec, which is
satisfactory. Thus, a value of & = 20° is selected.
The expression for the width W of the swath covered on the ground by the

center of the FOV is
W= 2a tan (8,/2)/cos (90° - B) (¢9)

where 86 = the FOV across the flight direction.
If ec is selected as 20° to equal Gi, W= 722 feet, which is adequate. With
600 resolution eells, the resolution per cell is 0.58 mrad, which will resolve
an object 1.2 feet (0.37 m) in the center of the FOV and an object 0.85 feet
(0.26 m) at the bottom of the FOV. This is adequate for general patrol.
These calculations give the performance requirements below.
B. Sensor/payload. -
1. Have a FOV of 20° by 20° for general patrol.
2. Have resolution sufficient to detect people and vehicles on the
ground from an operating altitude of 800 feet AGL, while at the 20° by 20° FOY
setting. :
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3, Have resolution and magnification sufficient to distinguish
motor vehicles anywhere in the FOV by type, style, and manufacturer from an
operating altitude of 800 feet (245 m) AGL, at the highest magnification
setting. Being able to read license mmbers from low altitude is highly
desirable.

4. Day or night operation with no artificial lighting other than
ambient light ordinarily present is desirable, as is operation in fog or bad
weather. However, daytime-only operation is acceptable.

Co Ajr vehicle. -

1. Cruise at 90 mph (40 m/sec) at an altitude of 800 feet (245 m)
AGL.

2. Have an endurance of at least eight hours with reserve fuel for
30 minutes, at a cruise speed of 90 mph true air speed (TAS) at MSL.

3. Take off and land in winds up to 30 mph (13 m/sec).

4. Be able to either hover over a point on the ground or turn
tightly about the point %o keep it continuously in sight.

D. Ground control station. -

1. Display a continuous real-time image of what the sensor payload
on the air vehicle sees.

2, Control the pointing of the sensor and the zoom or FOV adjustment.

3, Control the air vehicle to fly the desired flight path and mis-
sion profile with corrections for winds and gusts up to 30 mph (13 m/sec) from
any direction.

) 4e Provide hard copy or a videotape record of the sensor's picture
{plus pertinent data such as time, date, and location) on demand of the
operator.

5. Be operable by one person.

6. Control two air vehicles at any one time.

7. Portability is not reguired, but is desirable. Repeater screens
to display the transmitted images in ordinary highway patrol cars, as well as
in the control station, are also desirable.

¥, launch and recovery. -
1. Take off and land from an ordinary airfield.
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2. Provide adequate air traffic control around the airfield to pre-
vent danger to other aircraft.

G. Support and maintepnance. - Provide support and maintenance adequate-

to keep each air vehicle in the air eight hours out of every 24 hours in a
steady-state operation.

Mission 6, Pipeline Patrol. - Gas and oil pipelines are patrolled %o
detect and report leaks and potential hazards to the pipeline. Leaks are

indicated by stains, changes in vegetation, dead wildlife, gas plumes, etc.

Primary hazards are construction and agricultural activities near the buried
Pipe and excessive soll erosion where the pipe crosses streams and gullies.
Another item to be observed is the position of the semaphore indicators that
signal a malfunction of the cathodic protectim system that protects the pipe
against corrosion. )

When any of these observables indicates a potential problem, ground per-
sonnel are dispatched to prevent or correct the problem.

The following are tentative top-level performance reguirements for an
RPV system to perform pipeline patrol.

A. System capabilities. ~

1. Operating from a base adjacent to a pumping station or dispatch
control center, be able to fly along 400 miles (640 km) of pipeline right of
way in a day and then land at another base, for refueling, maintenance, and
later patrol (next day).

2. Observe the pipeline right of way for leaks, erosion, and cath-
odic-protection semaphores, and observe a strip of land 0.25 mile (0.4 km)} |
wide for construction and agricultural activity that might endanger the pipe.
Be able to detect the observables that indicate these potential hazards and
to evalvate them.. )

3. Be able to maintain a point on the ground under continuous sur-
veillance indefinitely (within the limits of aireraft endurance).

4+ Be able to transmit to the operator on the ground a continuous,
real~time image of what the airborne sensors see.

B. Seggg;/bay;oad. -
1. Have a FOV of 20° vertical by 45° horizontal.
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" 2. Have resolution and spectrum coverage adeguate to detect and
evaluate the observables described in "System Capabilities", above, and in
the mission deseription.

3. Daytime, clear-weather operation is adequate.

4. Be able to track a surface target well enough to keep it in the
field of view, either automatically or by remote control from the ground
station.

C. Air vehicle. -

1. Cruise at 80 mph (36 m/sec) at an altitude of 800 feet (245 m)
above ground level (AGL), with the ability to descend to lower altitudes for
a closer lock at things on the ground.

2. Have an endurance of at least six hours, with reserve fuel for
at least 30 minutes.

3. Take off and land in winds up to 30 mph (13 m/sec).

4. Have a top speed of at least 110 mph (49 m/sec) true air speed
(TAS), i.e., to operate at 80 mph (36 m/sec) against 30 mph (13 m/sec) winds.

5. Be maintainable enough to spend 30 hours in the air out of every
week, on a steady-state basis (six hours per day, five days per week).

6. Be able to turn about a point on the surface and/or fly past it
repeatedly from any desired direction, to keep it continuously in sight or to
take a good look at it.

D. Ground control station. -

1. Control two air vehieles in the air at once (mission RFV and
relay RPV).

2. Display, simultaneously, a continuous real-time image of what
the sensor payload on the mission RPV sees.

3. Be able to control the pointing of the sensor and the zZoom or
FOV adjustment remotely. '

4._ Control the air vehicle to fly the desired flight path and mis-
sion profile with corrections for winds and gusts up to 45 mph from any
direction.

5. Portability is not required.
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E. Data and control link. - (Covered above, under "Common requirements")

F. Izunch and recovery. -
1. Take off and land from an ordinary airfield or landing strip.

2. Provide adequate air traffic control around the airfield %o pre-

vent danger to other aircraft, if other aireraft are in the area.

G. Support and maintenance. - Provide support and maintenance adequate

to keep the air vehicle in the air thirty hours out of every week (six hours
per day, five days per week) in a steady-state operation.
Mission 7, Agricultural Spraying and Cropdusting. - Chemical treatment

of orchards and crops, forests, grasslands, and ornamental growth is per-
formed for a number of reasons: pest and weed control, disease prevention,
application of fertilizers and feeds, and mosquito control. Crop seeding is
also accomplished. )

The basic requirement is to distribute precisely-determined quantities
of active chemical uniformly over a given area on the ground. Normally, this
active material is dilubed with an inert liquid, i.e., water, and quantities
like ten to twenty gallons per acre are dispensed. However, products labsled
as Ultra Low Volume (ULV) chemicals are emerging which can be used nearly un-
diluted in quantities of fractions of pounds, or ounces per acre. Therefore,
an RPV with a comparatively light payload capacity could loock attractive.
Although remote piloting of full-sized conventional agricultural aireraft is
a concept that has aroused enthusiasm among some agricultural aviation opera-
tors, this set of requirements deals only with small RPVs to deliver small
payloads.

A. System capabilities. -

1. Uniformly dispense materials {liguids or solids) over at least
thirty acres (twelve hectares) per flight, i.e., have a delivery capacity of
15 to 30 pounds (7-14 kg).

2., Spray at least 150 acres per hour,

3. Spray altitude: ordinarily 2 to 10 feet (0.6 to 3 m) above the

Crop.

4+ Operate off of rough, unimproved, short airstrips.
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5. Turn on spray only at designated altitude above the field; turn
off spray before lifting out of the field with 15-foot (4.5 m) accuracy.

6. Ability to determine wind drift at the time and at the area that
spray operations begin.

7. Avold any obstacle in or adjacent to the field being sprayed.
The heights typically vary from 5 to 50 feet (1.5 to 15 m) higher than the
top of the crop or orchard being sprayed., .

8. The weather condition limits in which the vehicle is required to
operate are moderate and based upon safe alreraft use and satisfactory spray
effectiveness, The following are those weather parameters considered most

Important for aerial spraying:

Fertiliger Application

1. Cloud ceiling 500 feet (150 m) or greater
2. Visibility 1 mile (1.6 km) or greater

3. Precipitation TLess than .05 in (0.127 cm)
L. Wind Less than 20 mph (9 m/sec)

5. Dew None present

Herbicide Spray

1. Cloud ceiling 500 feet (150 m) or greater

2. Visibility 1 mile (1.6 km) or greater

3. Low-level temperature inversion Surface inversion desirable

4. Temperature (air) Variable; generally between 55° and
80° F. (130 - 27° G.)

5. Precipitation None

6. Wind . Direction; speed less than 10 mph
(445 m/sec)

7. Dew Presence and period

Fungicide & Insecticide Spray and Dust

1. Cloud ceiling 500 feet (150 m) or greater
2. Vigibility 1 mile (1.6 km) or greater
3. Low-level temperature inversion Surface inversion desirable
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4. Temperature (air) Variable; generally less than 85°F.

(29°¢.)
5. Precipitation None
6. Wind Direction; speed less than 10 mph
(445 m/sec)
7. Dew Presence and period

9. Be able to put the system into operation with a minimum response
time (estimate no more than 30 minutes), including ferry time if applicable,
truck to site and assemble, load chemical, and deploy ground control station.
Reasons inciude quick response to uwnfavorable near-term weather forecast or
rapid spread of plant disease or inseets.

B. Sensor('}ggxload. -

l. Carry liguids in one or more tanks in, or mounted on, the RPV.

2. The spray material is pumped into plumbing, usually located near
the wing trailing edge, through a series of nozzles. The orifice size of the
nozzles for given applications is constant and the amount of liquid or dust
is regulated by varying developed pump pressure either controlled manually by
the pilot or preset. Changing winds or other factors would require remote
control of pump pressure for an RPV.

3. Some material particle sizes are very small and not always
visible. A ground controller must be able to determine that system pressure
is correct and that proper quantities are being dispensed.

4. Include a fixed forward-looking TV camera to aid in piloting.
C. Air vehicle.

1, GCarry at least 15 to 30 pounds (7 to 14 kg) of deliverable spray.

2. Spray at 80 miles per hour (36 m/sec).

3. Minimize wing-tip vortices, %o minimize spray drift.

4., Iocate the spray nozzles and the propeller relative to one
another so as to minimize the backwash effect on the spray pattern, e.g., a
puller propeller and nozzles behind the wing trailing edge.

5. Maintain desired altitude to within + 2-4 feet (+ 0.6~1.2 m).

6. Be able to land, reload and refuel, and take off in 3 to 5 minutes.
7. Minimize turning radius.
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D, Ground control station. -

1. Control the RPV along a preprogrammed flight pattern to within
+ 5 feet (+ 1.5 m) cross-track deviation.

2. Control the start and stop of spraying to within 4+ 15 feet (4.5
m) along the track.

3. Display a real-~time TV image from the camera in the RPV.

E. Data and control link. - {Covered above, under "Common requirements")

F. Iaunch and recovery. -

1. Take off and land from a rough, unimproved dirt strip.

2. Take off in 600 feet (180 m) over 30-foot (9 m) obstacle,

3. Iand and taxi to within 25 feet (8 m) of chemical tanker truck
located on unimproved road.

G. Support and mainterance. - Provide support and maintenance adequate
to keep the air vehicle in the air eight hours per day in a steady-state oper-
ation for at least a month at a time.

Mission 8, Severe Storm Research. — The National Weather Service (NWS) of
the National Oceanic and Atmospheric Administration (NOAA) conducts an exten—
sive research, monitoring, and measurements program of severe storms (thunder-
storms, hurricanes, cyclones, and tornados). The purpose is to apalyze storm
formation and behavior, and thus provide the public and aviation operations
with forecasts of storm activity and potential for a period from 2 to 72 hours
in advance.

In addition to storm watch stations, radar, and instrumented weather
balloons, aircraft are currently employed to obbain meteorological observa-
tions of wind, temperature, pressure, and humidity in the immediate vieinity
of tornado vortices and thunderstorms. Manned aircraft, such as the F-100,
Fw4C, C=120, Queen Air, U~2, and the RB~57F are used.

Two separate missions for RPVs are envisioned. These are:

0 Measurements outside the cloud at low albtitude including observa-

tions in the viecinity of a tornado vortex.
o High altitude monitoring of the growth and decay of thunderstorms.
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Because the RPV performance reguirements for the "low altitude! mission and
the "high altitude" mission are sufficiently different, .each is described
separately. g

A, System capabilities (low-altitude system). -

1. Be sufficiently portable to be transported to remote areas in
one or more ground vehicles.

2. Be ready for deployment at any time, 365 days per year.

3. Be capable of continuous controllable flight in the vieinity of
small thunderstorms and tornados (a tornado funnel varies from 30 to 300
meters in diameter; wher accompanied by, or embedded in, a mesascale cyclone,
the total storm diameter varies from 5 to 10 kilometers).

4. Obtain and transmit to a ground station meteorological data at
one-~minute time periods automatically or on command from ground station.
> 5. Carry instrumentation to measure temperature, pressure, and
humidity. )

6. Provide high quality video imagery for the visual observation
of the vortex of a tornado, formation and movement of the tornade fumnnel and
adjacent storm, and ground damage.

7. Be capable of maintaining continuous moritoring from an area
(space) for no less than a ten-minute period.

8. Be capable of dispensing chaff to provide reflectors for dop-
pler radar determining air motion in space which is precipitation-free.

9. Provide a permanent record of all meteorological measurements
and imagery.

10. Be operable by no more than two men (preferably one), not ineclud-
ing radar operators, vehicle drivers, stc.
B. Sensor/payload (low-altitude system). -
1. Obtain the following data with the indicated accuracy:

o Temperature + 0.5°C.

o Humidity + 10%

o Pressure + 1 mb

o RPV altituds 4+ 1 meter

o RPV position + +5 kilometer
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o Wind speed + 2 meters/second
0 Wind direction + 5 degrees
2. Video camera with the following characteristics:
o 40° by 40° field of view
o Azimuth control through + 90°
o Elevation control through + 90°
3+ Chaff dispenser: chaff is packaged in separate bundles and
released at equal intervals through a 2600-meter column (five bundles
maximum),
4. Airborne equipment must continue operating during frequent
electrical idischarges.
C. Air vehicle (low altitude system). -
1. Maximum airspeed no less than 110 miles per hour (50 m/sec).
since the RPV will be operating in wind speeds up to 80 miles per hour (35
m/sec); minimum airspeed at least as low as 60 miles per hour (27 m/sec).
2. Operate at any altitude between ground level and 5000 feet
(1.55 km) above ground level, which is approximately 1000 feet. (300 meters)
above the cloud bhase. :
3. Take off and land in 40 mile per hour (17 m/sec) winds.
4. Maintain a turning radius of no greater than 300 feet (90 m) at

maximum airspeed of 110 miles per hour (50 m/sec).

5. An in-flight endurance of one hour is required, with a 30-minute
fuel reserve.
D. Ground control station (low altitude system). -
l. Display, and provide permanent record of, real-time TV imagery.

2. Record data transmitted from RPV of temperature, pressure,
humidity, RPV position, and altitude, wind speed, and direction.

3. Provide capability for positive and continuous control of TV
pointing and zoom adjustment.

4o Provide for control of chaff dispenser at the diseretion of the
ground station, coordinated with the radar controller.

5. Control only one RPV in the air at a tine.
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6. Must be transported by ground vehicle and have a self-contained
power supply.
7. Provide for continuocus altitude and position data; assume radar
assist,
E. Data and control link (low altitude system). Operate in the pre-
sence of frequent lightning discharges.
F. Launch and recovery (low altitude system). - Take off and land at an

unprepared, short surface, or launch from a portable launcher and recover

with a portable recovery system.

A. System capabllities (hish-altitude system). =

1. Operate from a prepared airfield adjacent to a control radar

site.

‘é. Be ready for use at any time, 365 dsys per year.

3. Capable of continuous controllable flight over large thunder-
storms, obtain and transwmit to a ground station meteorological data at one-
minute time periods automatically or on command from ground stations.

4e Carry instrumentation to measure the pulsation of the storm top,
temperature, and pressure.

5. Provide high~guality video imagery for real~time observation at
a ground station of storm formation, movement, direction, and changes in
storm intensity.

The NWS is particularly interested in the potential correlation of storm
top behavior to storm intensity as measured by surface phenomena, Good video
imagery would lead to a relaxation of meteorological measurement requirements.

6, Be capable of maintaining continuous monitoring about an area
(space)} for no less than a ten-minute period.

7. Provide permanent record of all meteorological measurements and
imagery.

8. Operable by no more than two men, not including radar operators.
Operation by a single operator is desirable.

B. Sensor/payload (high-altitude system). -

1. Obtain the following data with the indicated accuracy:
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o Temperature + 0.5°¢.
o Pressure altitude + 200 meters
¢  RPV position location + 1000 meters
Humidity measurements are not required.
2. Video transmitbter with tﬁe féllowing characteristics:
o] 400 by 400 field of view
o Azimuth control through + 90°
o Elevation control through + 90°
o Self-adjusting to various levels of light intensity (from
light haze to heavy overcast); night operations not required.
3. Airborne equipment must continue operating during frequent elec-
trical discharges.

Co_ Air vehicle (hiph-altitude system). -

1. Maximum airspeed no less than 110 miles per hour (50 m/see)

since the RPV will be operating in wind speeds up to 80 miles per hour (35
u/sec). Minimm airspeed at least as low as 60 miles per hour (27 m/sec).

2. Operating "on-station' altitude will be 60,000 feet AGL (18 km).

" 3. Remain "on-station" for at least six hours.

4. RPV range from control radar site will be no greater than 60
miles (100 km). .

5. Take off and land in 40 mile per hour {17 m/sec) winds from a
Prepared airstrip. .

D. Ground control station (high-altitude system). -

1. Control the air vehicle to fly the desired flight path and mis-

sion profile with corrections for winds and gusts up to 80 nph (35 m/sec)

from any direction.

2. Display air-vehicle operating data (e.g., remaining fuel) re-
quired for safe operation.

3. Provide hard copy or a videotape record of the sensorls picture
(plus pertinent data such as time, date, and location) on demand of the
operator,

4. Be operable by no more than two persons. Operation by one

Operator is desirable.
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5. Gontrol one air vehicle at any one time,
6. Portability is required.
7. Provide for control of chaff dispenser at the discretion of the
ground station coordinated with the radar coniroller.
E, Data and control link (high-altitude system). - Operate in the pre-
sence of freguent lightning discharges.
F. Iaunch-and recovery (high-altitude system). - Take off and land from

a prepared runvay.

G.  Suppork and maintenance (high-altitude system). - (Covered above,

under "Common requirements™)
Mission 9, Meteorology. — The National Weather Service (WWS) employs a
variety of techniques to obtain daily meteorological data throughout the U.S.

and at sea. These data-are used for forecasts and warnings, by the Eaviron-

/ﬁental Data Service to document our climatological history, by travelers to
determine the weather existing over their proposed route, for the conduct of
air and sea navigation and local operations, for short- and long-range moni-
toring of the enviromment, by research laboratories exploring the mechanies
of our atmosphere.

Of particular interest for potential RPV applications are two programs
which obtain periodic weather data from ground surface to 10,000 feet (3000 m)
and 20,000 feet (6000 m), respectively. Manned aircraft are not used to
obtain day-to-day routine meteorological data. Rather, weather balloons,
tracking radar and other ground based sensors, and visual observation are
the most common techniques used. Weather balloons are nob recoverable, and
a high percentage of the airborne instrumentation packages are lost. The RPV
operational requirements have been derived from conversations with the NWS
and programs described in Reference 8 . These requirements are based largely
on the ability of the RPV to substitute for the balloon as the airborne
vehicle. Although there are a number of RPV performance requirements common
to both the 10,000~foot and 20,000-foot missions, for convenience, each is

discussed separately.
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A, System capability {low-altitude system). -

1. Provide data for continuous determination of vertical profiles

of wind, temperature, and relative humidity.

2. Minimum value of maximum altitude: 10,000 feet (3000 m) AGL,
15,000 feet (4500 m) MSL.

3. Two flights are normally conducted each day, 365 days per year,
at approximately 0900 and 1600 hours. System should be available for addi-
tional flights (up to two more per day) if dictated by rapid weather changes.

4. Minimm operational complexity: a goal is to be equivalent to
inflating a balloon, attaching prepackaged instrumentation, and releasing the
balioon.

5. All-weather capability (exclude severe storms).

6. Be less costly to own and operate than the weather-balloon
method.

7. Minimum RPV maintenance (counted in minutes per day).

§. Have a very high probability of RPV recovery at the launch
station.

B. Sensor/payload (low-altitude system). -

1. Airborne instrumentation measures tenperature and relative
humidity. Data are continuocusly telemetered to ground station. Sensor trans-
mitters and receivers operate at 403 MHz.

2. The weather data payload package weighs approximately five pounds.

C. Air vehicle (Jlow-altitude system). -

1. BRate of climb: 650 feet per minute (3.3 m/sec) with ground sta-
tion verification capability.

2. Be ready for no fewer than two flights per day, with capability

of up to four flights per day.
3, All-weather capability (éaytime only); exclude severe storms.
4. Take off and land in an érea approximately 100 feet by 100 feet
(30 m by 30 m).
5, Have a maximm speed of at least 60 miles per hour (27 m/sec).
6. Be operable by one person. i
7. Take off and land in surface winds up to 30 mph.
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8, Provide for one hour total flight endurance.

9. Provide for autopilot control during ascent to required altitude,
provision for reacquiring a lost data link, and safe (soft landing) recovery
in the event of permanent data link loss or power failure.

D. Ground control station (low-altitude system). - The RPV will operate

from permanent, fixed ground stations presently located in clear areas away

from housing, airports, industry, etec.

Two basic funotions will be performed at the ground stations:

0 Use the existing systems for receipt and processing of telemetered
temperature and moisture data and for radar and/or optical theodolite
tracking of RFV drift for wind velocity and direction.

o Provide additional systems for FEPV launch, control, and recovery.

1. Use existing ground read-out equipment, located at permanent
stations, with minimum, or preferably no, modifications.

2. Use existing radar and optical theodolites to track RPV drift to
provide vertical profiles of wind direction and velocity.

3. GControl oﬁLy one RPV at a time.

4+ Provide for continuous RPV time-altitude data to correlate with
meteorological sampling.

5. Assume all provisions for weather data reception and processing
are already available since the RPV is only substituting for the balloon as
the zirborne platform.

6. Provide for constant rate of ascent or measuring rate of ascent
and preprogrammed flight profile requiring no ground operafor control after
launch,

E. Data and control link (low—altitude system). - (Covered above, under

"Common requirements™)

F. Launch and recovery (low-altitude system)}. -~ Take off and land from

a small, clear area with minimum inmprovemenis.

G. Support and maintenance (low-aititude system). - Provide capability

for maximun support and maintenance of the air vehicle at the weather station,
providing for up to four flights per day.
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High-altitude Meteorology. —
A. System capabilities (high-altitude system). -

1. Provide data for continuous determination of vertical profiles

of wind direction and velocity.

5. Minimm value of maximm altitude, 20,000 feet (6000 m) AGL,
25,000 feet (7500 m) MSL.

3, Between one and three flights conducted each day, 365 days per
year. System should be avallable for additional flights (up to a total of
four per day) if dictated by rapid weather changes.

4. Minimum operational complexity: a goal is to be equivalent to
inflating a balloon, attaching a small payload, and releasing the balloon.

5. All-weather capability (exclude hurricane force storms and
tornados).

6. Be less costly to own and operate than the weather-balloon
method.

7, Minimum RPV maintenance {counted in minutes/day)}.

8. Have a very high probability of RFV recovery at the launch site.

B, Sensor[bayload (high—altitude szsteml; ~ There are no sensor or
instrumentation payloads currently used for this mission. Occasionally a
small light is attached to the balloon for night operations, since wind data
are obtained by tracking the balloon by optical theodolite. '

Reference 8 notes the following:

a). A fixed rate of rise (of the balloon) is assumed; and height is
determined by timing the ascent.

b). This method of windfinding requires favorable weather conditions.
Low clouds and obstructions to vision interfere with visual tracking, while

turbulence, precipitation, and icing introduce inaccuracies into the assumed

" ascent rates.

The ‘use of an RPV, instrumented to provide accurate rate-of-cliub data and
a capability of being tracked through fog, precipitation, low celling, ete.,
could have considerable advantage over a balloon.

Both airborne and ground station instrumentation to achieve this capa-
bility should be considered. -
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GC. Air vehicle (high-altitude system). -
1. Rate of climb, 600 feet per minute (3 m/sec.)}, with ground
station verification capability.

2. Be ready for no fewer than 2 flights per day, with capability for
up to 4 flights per day.

3. All weather capability (day and night), execluding severe storms,

4e Take-off and land in an area approximately 100 ft x 100 ft
(30 m x 30 m).

5., Be operable by one person.

6, Have an operational ceiling of at least 25,000 £t (7600 m), to
operate at 20,000 £t (6100 m) AGL over berrain at 5000 £t (1500 m) altitude,

7. Take-off and Jand in surface winds up to 30 mph (13 m/sec.).

8. Provide for 1-1/2 hours total flight endurance to permit
controlled flight return to launch facility.

9. Provide autopilot control during ascent to required altitude,
provision for reacquiring a lost data link and safe (soft landing) recovery in
the event of permanent data link loss or power failure.

D. Ground control station (high-altitude system). - The RPV will operate

from permanent, fixed ground stations located in cleared areas away from

housing, airport, industry, ete.

Two bagic funcbions will be performed at the ground stations:
o Use current system to provide optical theodolite tracking of RFV
drift for wind veloeity and direction.
o Provide additional systems required for RPV launch, control, and
Tecovery.
1. Use existing ground read-out equipment, located at permanend
stations, with minimum modifications.
2. Use existing optical thecdolites or the RPV guidance system to
track RPV drift to provide vertical profiles of wind direction and velocity.
3. Control only one RPV at a time.
4e Provide for continuous RPV time-altitude data to correlate with
meteorclogical sampling.
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5, Assume provisions for wind data observation and processing are
already available, since RPV is cnly substitubing for the ﬁalloon as the air-
borne platform.

4. Provide for constent rate of ascent, and a preprogrammed flight
profile requiring no grcund operator conirol afitor launch.

7. Be operable byr cne parson.

E., Data and control link (high-altitdue system). - (Coversd ahove under

Uecommon requirementsh,

F. Launch and recovery (high-altitude system). - {same as for low-
altitude system.)

G. Support and maintenance (high-altitude system). - (Same as for low=

altitude system).

C36



APPENDIX D
RPV CONCEPTUAL-DESTGN PARAMETRICS

The parametric curves in this section provide the preliminary sizing of
an RPV based on flight requirements. The assuned basic design compfises'a
conventional fixed-wing, piston-engine aircrafi. The method used consists of
the following steps:

8tep 1. Define the flight reguirements.

" 2, Determine the wing lcading.
3. Bize the wing and total wetted area.
" L, Estimate airframe drag.
5. Determine the conditions for meximum lift-to-drag-ratio (L/D)
flight.
Determine cruise horsepower (HP) at max. I/D.
. Determine HP at high speed.

. Determine HP at cruise ceiling.

W o =3 O

. Size the propulsion.
" 10. Determine the fuel weight.

Steps 11 - 17. Determine the group weilght breakdown.

Step 18. After the group weights and payload have been determined, the
degign is adjusted, as needed, by iteration through steps 1 - 17, with changes
to the vehicle flight requirements or size as judged necessary, to glve the
desired payload capability and flight characteristics. An accepteble design
results from a reasonable balance among flight characteristics—speed,
altitude, endurance, payload.

An explanation of the steps and use of the parametric curves to size an
example RPV are given in the following paragraphs.

On some of the parametric curves, data points from actuai drone, RPV, and

manned aircraft are shown for reference. The following aireraft are used:
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AQUILA RPV built by the Lockheed Missiles & Space Company (IMSC) for
the U.5. Army.

ARQUARE RPV built by IMSC for the U.S. Air Force (USAF) and the
Defense Advanced Research Projects Agency (ARPA).

BQM-34A and -34E target drones builtby Teledyne-Ryan for the U.S. Navy
and USAF.

Cessna 150 and Cessna 185 single-engine light aircraft (general
aviation),

F-80 jet fighter aireraft built by the Lockheed-California Company
for the USAF.

Harassment drone, built by IMSC for the USAF and ARPA.

KD2R~5 target drone huilt by Northrop.

-5 single-engine light observation aircraft (high wing, strut-braced,

fixed landing gear).

Step 1. TFlight requirements.- Establish max density sltitudes for flight

and launch or recovery cperation. Include consideration of maximum terrain

elevation and hot-day conditions expected. Select minimum airspeeds, desired

cruise flight and launch or recovery. Select endurance or range desired and

max speead,

Example:

Operate from a 5000 £t (1525 m) field elevation on 90°F (32.20d)day
with flight up to 1500 £t (457 m) above ground. Minimum launch and
recovery speed to be not over 40 KTAS (20.5m/sec) and minimum cruise
speed not over 65 KTAS (33.hm/sec).

Datermine from Figure D-1, density altitudes for launch apd flight:
he = 5000 £t (1525 m)

]

90°F (36°¢)
= 8000 ft (2440 m) fFor launch

he = 6500 £6 (1980 m)
T = 90°F (36°C)
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Step 2. Wing loading. - Determine the maximum allowable wing loading

that satisfies the minimum airspeeds set for launch and cruise
Example: Require launch speed to be not over 40 kt TAS (20.5m/sec) and cruise
not over 65 kt TAS (33.4m/sec).
Using Figure D-2; with the appropriate density altitude, the wing loadings are
for launch, W/8 = k.3 :Lb/ft2 (21 kg/mz) max ; for cruise, W/S=5.llb/fh2 max.
The launch wing loading is lower and sets the wing area.

Step 3. Size wing and webted area. - Size the wing area to the vehicle

gross weight. Here, the gross weight may be a preferred value, set in the
initial requirements or, in lieu of this, an intuitive estimate based on the
amount of payload and flight duration. A first estimate may be 5 times
payload weight, for longer flights.
Example: Assume payload weight to be 25 1b (11.35 kg), and estimate gross
welght to be
W, = 5 x 25 =125 1b (56.8 kg)

Then wing area, § = 125/4.3 =29 £t; use 30 £t (2.79 ma).

Using Figure D-3, estimate the vehicle wetted area for a wing size of 30 Tt
2

(2.79 m").

_ 2 2
S,er = 130 ft (12.1 m™)

2

Step 4. Airframe drag. - Consider the airframe design arrangment and

extent of aercdynamic cleaness (exposed payload, landing gear, ete. ).
Correlate with existing designs.

Example: Assume vehicle has fixed landing gear.

130 ft2 (121. mg) and selecting egquivalent
= 0,010, then

1.3 £p2 (0.121 ma).

Step 5. Maximum lift/drag ratio. - Select a wing span or aspect ratio,

It

Using Figure D-l, with S.et

I

skin-friction coefficient Ce

Equivalent parasite area, F

A (btypically A = 4 to 8). Determine vehicle profile drag coefficient. Deter-
mine 1ift coefficient and max lift/drag ratio.

Example: Assume aspect ratio, A =5
Then wing span, b =-/,L“\S
- b = +5x 30 =~12 £t (3.66 m)
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Profile drag coefficient, Cp, = f/s

Cpp = 1.3/30 = 0.043
Using Figure D-5, and selecting wing efficiency factor € =0.8 (typical),
determine 1ift coefficient (L at maximum 1ift-to-drag, L/D.
For (I/D) max, C,_ =0.7b4

and (1./D) = 8.5

max
Using Figure D-6, the corresponding flight conditions would be
Dynamic pressure, % = 5.6 _'I_b/ft2 (27.4 kg/m?).
At 10,000 £t, airspeed V = U47.5 kt TAS (2k.h4 m/sec).
St§£_6.‘ Cruise power for max. I/D flight. - Using Figure D-7, for flight

conditions at max L/D, determine cruise power.
Example:
Cruise drag, W, + (/D) = 125/8.5 = 14.7 1b (6.67 kg)
Thrust horsepower, THP = 2.1 hp (1.57 kW) at 47.5 kt TAS (2k.4 m/sec)
selecting propeller efficiency, 7?P = 0.7 {typical for cruise)
Then engine horsepower, HP = 3.1 hp (2.31 kW).
If an engine-driven generator exists, then the engine must provide additional
" power
HPoe perator Watts/500 (generstor efficiency = 0.67)
If 400 watts of electrical load is being supplied, for exanple, then

Engine HP, ... = 3.1+ 400/500 = 3.9 hp (2.91 kW).

Step 7. Power at high speed. - For propulsion sizing, consider the

vehicle maximum speed requirement plus any accessory loads. (If no high-speed

requirement above crusie speed exists, omit this step.)

Example: Assuwne 75 kt TAS (38.6 m/sec) is desirable at the maximum operating
altitude, 10,000 £t (3048 m).

Using Figure D-8, determine horsepower ratio.

For V/Vp .. 75/47.5 = 1.58
Determine HE/HP&.D max 2.28
Then high speed HP = 2.28 x 3.1 = 7.1 hp (5.36 kW).
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With generator load of 400 watts, then
Engine HP = 7.1 + k00/500 = 7.9 hp (5.89 kW).

Step 8. Power at cruise ceiling. - For propulsion glzing, consider the

maximum operating altitude plus any accessory loads. Provide s rate-of-clinb

margin at cruise ceiling of RC = 300 fpm (91.lm/min),

Engine HP _ . = (THP + W x RC/33000) (L/ ) + HP
SEHISE, | L/D max 7?€igﬁb Gen
Where: THPL/D max &5 determined earlier, step 6
RC = 300 fpm (91.} m/min)
1 = 0,6 (typical propeller eff. in climb)
19k _
Engine HPcruise = (THPL/D o * W/110) (1/0.6) + Watbts/500
ceiling
Example: HPEruise = (2.1 + 125/110) (1/0.6) + L400/500
ceiling
Pogise = 5. + 0.8 = 6.2 hp (4.63 kW).
ceiling

Step 9. Propulsion sizing. - Determine sea level installed power needed

to satisfy the high-speed regquirement (step 7) and the cruise ceiling require-
ment (step 8). Provide an allowance for engine installation losses based on

the extent of exhaust manifold, muffler, and air induction cleancr used.

Example: High speed requirement at 10,000 £t (3048 m), Engine HP = 7.9 hp
(5.89 kw)
Cruise ceiling requirement, 10,000 ft, Engine HP = 6.2 hp (L.63 kW)

In this example the high-speed power requirement sizes the engine.

Using Figure D-9, and engine horsepower of 7.9 hp, determine sea level
installed horsepower to be 11.3 hp (8.43 kW). Assuming a typical installation
loss factor of 0.9 (no muffler) regquires the engine to have a rated horsepower
of 12.5 hp (9.33 kW); 0.8 to 0.7 would be appropriate, depending on the degree
of muffling.

Step 10. Fuel weight. - Estimate engine specific fuel consumbtion (sfec)

for the type of engine selected (2-cycle or 4Y-cycle) with allowance for
service degradation and field maintenance conditions. Estimate fuel weight

from the range or flight endurance required. Provide a fuel reserve allowance.
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P x sfc x t'

Endurance fuel, Wf

Range fuel, We = P x sfc x R/V
Where P = power

t = endurance (time)

R = range

Vv = apeed

(Assuming fuel weight is small compared to gross weight. )

Example: Using Figure D-10, estimate sfc for the selected engine at operating

altitude.
For 2-cycle engine at 10,000 £t (3048 m), estimate
sfec = 1.1 1b/hp-hr (3.25 kg/kW-hr).

Assume 2-hour flight time is requir ed at low-speed cruise

(mex L/D conditions from step 6)

Cruise power = 3.9 hp (2.9 kW)
Fuel W, = 3.9 x 1.1 x 2 = 8.6 1b (3.9 ke)
Providing a fuel reserve (10% typical)
Fuel weight, W, = 8.6 + .10 (8.6) = 9.4 1b (k.27 kg)
(Round up to 10 1b, or 4.5k kg.)
Vehicle group weight estimates. - The basic groups are:

a. Structure
- wing
- tail
- bcody
b. Iaunch/Retrieval gear
- landing gear
- parachute
- net engagement
c. Flight controls

-

- autopilot
- actuators, linkages
d. Propulsiocn

- engine
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- air induction, exhaust, muffler
- engine controls
- propeller
- fuel system
e. Electrical
- power supply
- power conversion
- wiring
f. Avionics
- command link
- telemetry
- ‘beacons

Vehicle empty weight comprises a summation of the above groups.

wempty = Wstruct., = WL/Retrieval = Yeont. = Wfrop.
wélect. N W;a.vion.
. JE— +
Gross weight, Wb Wempty wfuel + Wbayload

Step 11. Btructure weight, Wstruct. - Select a structural load factor

limit for the expected flight usage. Typically:
limit » = b4
factor of safety = 1.25 (unmanned)
ultimate m = 1.25 x b = 5,
Using Figures D-11 and D-12, determine wing, tail, and body weight.
Fxample: For wing loading Wo/S = 4.3 lb/f“t2 (21 kg/mg) (from step 2)
" then M x Wo/s = 5 x 4.3 = 21.5 1b/ft2 (105 kg n°).

Wing wgt Wﬁing/s = 0.75 1b/ft2 (3.66 kg/me)

-

—_ 2 — 1
Wﬁing = 0.7 x 29 £ft° = 22 1b (9.99 kg)
Tail wgt wtail/wWing = 0.3

W%a;l = 0.3 x 22 = 7 1v (3.18 kg)

Body wgt W . y/wo = 0.145

= 0.145 x 125 18 1b (8.17 kg)
22 + 7 + 8 = 47 1b (21.3k xg).

, pAGE 15 b7
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Step 12. ILaunch/Retrievel gear weight. - Select a concept for launch and

retrieval (large weight variations can be expected here for parachutes,
landing gear, skids, ete.). Use Figure D-13 for preliminary weight estimates.

Example: Assume a landing gear concept. Then ,

tentatively, Wi/Retrieval/Wo = 0.05
WL/Retrieval 0.05 (125) = 6 1b (2.72 kg)
Step 13. Flight controls weight. - Use Figure D-1U4 for weight estimate.
Example : weont/wb = 0.095
Woopg = 0:095 (125) = 12 1b (5.45 kg)

Step 1. Propulsion group weight. - Use Figure D-15 for propulsion group

weight estimate.

Example: For engine rated power = 12.5 hp (9.33 kW) (from step 9)
Wbrop/HP = 1.3 lb/hp (0.79 kg/kW)

Wfrop = 1.3 (12.5) = 16 1b (7.26 kg)

Step 15. Electrical group weight. - Use Figure D-16 for electrical group

weight estimate.

W

clect. = 0,09 (125) = 11 1b (4.99 kg)

Step 16. Avionics group weight. - Use Figure D-17 for avionlcs group

weight estimate.
/W = 0.05

o]

W . .
avionics

Hn

Wovionics 0.05 (125) = 6 1b (2.72 kg)

Step 17. Group weight summary. - The group weights are summed up to

determine empty weight. Weight available for payload becomes:

Wpp, = Wiy - Wémpty = Weger
Example: Group Weight

Structure L7 1b
L/Retrieval 6

Flight Controls 12

Propulsion 16

Electrical 11

Avionics 6

Empty wgt 98 1b (44.h9 ke)
Fuel 10 1b (b4.5h kg)
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Wor 125 -98 -10

WPL

_ 17 1b (7.72 kg) as compared to the 25 1b (11.35 kg) desired
in step 3.
This completes the first iteration, Since WPL is too small, a review of
the group weights is made to determine if they are reasonable values compared
to the vehicle design concept. Adjustments are made, if required, and another
iteration is made through the sizing steps with a change in the initial gross

weight or the flight requirements to achieve the desired design.
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APPENDTX E
COST ANALYSIS

Introduction

A1) cost estimates for RPV systems are generated by a cost model modified_
for this study from an existing mini-RPV cost model. These cost models are
based on Lockheed experience in previous aircraft programs and several ongoing
RPV programs, as well as on data gathered b& a survey of pertinent literature
from the RPV community. The cost model used in this study is designated the
Lockheed Mini-RPV Cost Model-"C". Cost estimates for alternate methods of
accomplishing each mission by means of conventional manned aircraft are deber-
mined from published cost data, the market survey and analysis conducted
during this study, and from discussions with users and aircraft operating and

servicing companies in-the San Jose, California, area.

Cost Model

The Lockheed Mini-RPV Cost Model-"C" generates RPV system éosts in terms
of DDT&E, investment, and operating costs. DDT&E costs are broken down into
the following work breakdown structure (WBS) categories:

o  Vehicle

¢ Payload

© Ground Contrcl Station

o Launch/Retrieval

o GRE

o Development Spares
Flight Test

C

o

Tooling

o Management and Integration

El



Investment costs are computed for the following WBS categories:

o Vehicle

o) Payload

o Ground Control Station

o ILauncher/Retrieval System

o GSE

o’ Spares

o Management and Integration
Vehicle costs are a buildup of the individual costs for Airframe, Engine,
Guidance and Control, and Data Link Subsystems. RPV costs include the cost of
the Vehicle, Payload, and Integrationand Assembly of all subsystems.

The cost model output in Table E-1 displays average unit costs for the,
various subsystems as well as the investment costs. System investment costs -
represent the average unit'costs multiplied by the number of RPVs and ground
control stations required in a single system to perform the mission. The
total investment cost for a system can be viewed as the price a user would be
required to pay to place a system into operation after it is developed.

The cost model also accounts for the énnual operating costs of a system.

These costs are displayed in two separate categories; amnnual fixed costs and
direct operating costs. Fixed costs are cogts that are incurred each year
regardless of system utilizatioh, i.e., ﬁhe nutber of hours flown by the sys-
tem. Direct operating costs are costs that are a direct function of the number
of flight-hours. An interim output of the cost model is fixed costs on an
annual basis and direct operating costs in dollars per hour. The cost model
then sums the two operating cost contributors %o give total operating cost per
hour and total operating cost per year for the system.

The cost model estimates individual costs by one or more of the methods
described below.

Cost_estimating relationships (CER's). A CER is an equation of a curve

with cost as the dependent variable and physical characteristics, performance,
or program parameters as the independent variable. The cost drivers in the
equation are established to be some physical or program characteristic or per-

formance capability of the system. The specific function is determined by

E2
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fitting a statistical curve to the appropriate data points. The data may be
historical, coming from previous programs, or be known estimates from other
gources.

Analogy. - Cost is determined by comparing the element to be estimated
with a similar element whose cost is known. The estimated cost is arrived at
by adjusting the known cost to account for increased or decreased complexity
of the element being estimated.

Factoring or profiling. - Costs for some eleﬁents of a system are some-

times well represented as percentages of other costs or of total program costs.
The method of factoring or profiling consists of determining the percentages
that apply from previous similar programs that are typical of this relation-
ship. ’

Vendor eshtimates. - These are estimates provided directly or indirectly

by suppliers. They may be obtained from catalogs or other published sources,

by direct query, or by referring to estimates provided by vendors on previous
programs. Vendor estimates lack the binding force of formal price guotations,
but they do represent the considered opinion of people accustomed to dealing

in hardware or service being estimated.

Bogineering estimates. - Engineering estimates are usually the result of

a combination of all of the above methods. An engineering cost estimate is
basically the best guess of competent persons who have previous experience on
similar efforts and who have put together the facts that can be gathered to
arrive at an estimate. '

Cost estimates generated by CERs are computed inside the cost model by
inputting the appropriate values for the physical, program, or performance
characteristics. Estimates generated by factoring are also computed inside
the model by operating on other costs. Estimates arrived at by any of the
other methods are input (throughput) to the model.

Methodology and Results

RPV Systems, - Cost model compuber printouts which include the total
system costs for Mission. 1l through. 8 are given in Tables E-2 through E-9.

E4



The cutputs are designéd in a meunner that for missions requiring both a
mission vehicle and a relay vehicle the costs must be added to identify total
system costs. For these missions (Nos. 3, 5 and 6) the costs of hardware and
servicesg that are required by the system but are common %o both the mission
vehicle and the relay vehicle (e.g., Ground Control Station and Training ) are
inclwaed in the mission-vehicle cost output only. For example, in Mission 3,
the total DDT&E, Investment, and Operating Costs for the RPV System are
obtained by adding the costs of Table E-ka, (Mission No. 3, Mission Vehicle)
and Table E-Ub, (mission no. 3, Relay Vehicle). An explanation of all other
tabulated data is given bhelow,. ‘ .

Average Unit Costs: Average unit costs are shown for the RPV, which
includes the Air Vehicle and Payload, and the Ground Control Station. The
cost model also provides for the inclusion .of a ILauncher-Retrieval System
cost. However, no Iauncher-Retrieval System was required for any of the
missiohs selected in this study. Therefore, this subsystem is identified at
zero cost in the cost oubtputs for all missions.

Average unit costs are obtained by first determining the Theoretical
First Unit (TFU) cost for each subsystem. The appropriate learning curve is
then applied to each TFU in order to arrive at the average uwnit cost for the
total quantity required. The learning-curve effect reflects the obaervable
phenomenon that wnit preduction cost decreases with increasing production
quantit&. This phenomenon is caused by a combination of things such as im-
proved worker efficiency due to practice, improved procedures énd processes as
time goes on, quantity discounts in material prices, etc. One relationship
that describes the observed phenomenon weil is "doubling the production quan-
t1ty reduces the average unit cost by a factor k." Thg formula for this

learning-curve relationship is:

Cy = —éx k exp [in (y/x)/in2/, 0< k< 1

where Cy = the average unit cost of y unibs
E# = the average unit cost of x units
k = +the learning-curve factor.

The factor k differs for different kinds of industries, typically falling

E5
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00 1504,
.00 2371.
7.70 19579,
117.04 14247 .

S.20

OPEPATIMG COST 1976 Fas

TRAINING= 14.22

TIRECT OPERATING COSTS (E-HR)

FUEL S.50
oIt 1.25
FPERIBDIC IN3F. 2.5
MATHTENARMCE 12.04
RIRFRAME -
EHiITE 1.21
AYIOHICE + BCE  11.70
TOTARL 29 .99

TOTAL OPEFATING COST-2YSTEM

AHMOAL FIMED COXTE CE/YRD
DEPPECIATION i -re
INSURANCE 4014,

HILL 3555, .
LIABILIYY 300,
MEDICHL 32,
HIRCERFT ITORARE 0.
CRER 13z00.
TRAIMING 1512.
TOTAL 25853,
FI¥ED
BIRECT OFEFATINHG
TOTHL

CORT~HP &00 HFS/VERR
13.0%9 2Ta53.
az.92 1va9s,
73.02 $3347 .



Table E-4ib

MISEION MO. 3 WMILUFIPE DETECTION RELAY YEHICLE>

HYERSCE WHIT COCTS ¢1aTh 153

AIRFRAME

EHRINE

GUID. 2 COMT.

BATA LINk

FAYLOARD

INT. & AT,
TOTAL PPY

GPND, CONTFOL 3TH.
LAUNCHER-FETRIEVYAL

SYSTEM CO2TS «197& FIv:

22373,
&490,
10aEt.

T 18399,

200,
5331,

75004,

0.
0.

YEMICLEZS-SYSTEM: 1 GUS-IYITEM: 0

IYSTEM ELEMENT INYESTMENT DOTRE
VEHICLE FR.23 4252,
PAYLOARD' 3. 0G5 1
GRND. CONTPOL STA. .00 0.
LAUNEHER-RETRIEVAL h Lan 0.
5SE- 3.76 215,
SPAPE: .00 225.
FLIGHT TEST 1] 1003,
TOOL 1Mz i P 131] n,
MEMT. 2 INTEG. 5.53 221,

TOTALS S4.5% CATT.

INVESTMENT SPARESS 5.9%

OPEPATING COSTS (1978 Ehs

AMMIAL FIMED COSTS: ¢H-YP?

IEPFECIATIAN +313.
IMIURANHCE . 3T,
HULL Zel. .
LIRBILITY 300,
MEDICHL 0.
RIFLPAFT TTOFASE D. -
CREH g.
TRPRINIMGE a.
TOTAL SIS,

TERINIHG= .00

DIRECT OPERATING TOSTS B HRD

FLEL 3.50
BIL 1.2%
FEFPIODIC INZP.- o=
MARINTENANCE 14.35
AIFPFFAME 2.18
ENEINE 1.20

AYIONICE + U3 S.47

TOTAL Sd.42

TOTAL OPEFATIHNG SOST - 35 ATEM

FIXED
TIPECT OPERATINGZ
TATAL

CORT-HP 500 HRI-YERE

13,95 _3IT.
24.42 14551,
23.32 =307 .

s

ORIGTNAL PAGE
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Table E=5

MISSION ND. 4 FISHING Lk ENFORCEMENT

AVERASE UNIT COSTZE (1976 $23

AIRFFAME - 2020.

ENGINE ar1.
GUID. 2 CONT. 230673,
DATR LINK - 2735.
PAYLOAD =590,
INT. o ATTY. . 1348,

TOTHL REY 16037 .
GRND. CONTPDL <TA. -123531.
LAUNCHER-RETPIEVAL 0.

SYSTEM COSTS 11976 KR
VEHICLES -SYSTEM: 1 BLS/SYSTEM: 1

SYSTEM ELEMENT IMVESTMENT DDT2E

YEHICLE : 10.45 2823,
PAYLOAD 5.59 116,
B5RND. CONTROL S7A. 122.53 1212.
LAUNCHER-RETRIEVAL .00 a.
B2E - 5.93 209.
SPARES 00 120.
FLIGHT TEZT 00 S11.
TOOLING . . . <00 £33,
MSHMT. & INTEG. 10.26 205,

TOTALS 155 .20 5370,

INVESTMENT TPARES= 7.33 TRAINING= 12.49

OPERATING COSTS (1975 $33

ANMUAL FI=ED £OSTZ (YR

DEPRECIATION 10735, : FLEL
IHSUPANCE ] 2333, oIc
HULL LoEst, . PEPIONIC INTP.
LISBILITY - 300, MAIMTEMANCE
MEDICAL 48, ATRFRAME
AIRCPAFT STORAGE G. ENGINE
CPEW - 22000, AVIONICS + 53
TPAINIMG 264,
TOTAL 35523, TOTAL

TOTAL OFEPATIMNG COTT-IYVSTEM

COST-HP 1460 HFI/YERP

FI-ED 31.38 553,
DIRECT OFEPATING 15.04 23414 .
TOTHL 47.91 BI953,

DIRECT OPERATING COSTS (F-HP)

.73

-

4.329

19.72
1.14
-13
.45

16.04



Table E-6a

MISSION HO. < HIGHWMAY PATROL MIZEIOM YEHICLES

AYERAGE UNIT COITS (1576 4%:
AIPFFAME 3020,
EMZINE 244,
GUID. & COMT. 207z,
TATF LINK 1857.
PRYLOAT 5692,
INT. % ASIY. 1275.
TOTAL REV 15153,
GRMD. COHTROL STA. 20521
LAUNCHER-RETRIEVAL - 0.

SYSTEM COSTE v197FS Kies

YEHICLEZS-SYSTEM: 1 BCIoSYSITEM: 1

TYSTEM ELEMENT INVESTMENT DDTIE
YEHICLE : a.47 2356,
PRYLDAD S. 6% as,
SRND, COMTROL STR. - 20.52 294,
LAUHCHER-RETRIEVAL .00 0. .
53E 1.72 163.
IPAFES . ) .00 5.
FLIGHT TEST . . 00 300,
TOOLING ) R £53.
MEMT. = IMTEG. 2.62 T2,
.TOTALS . 40, 03 s273.
INVESTHENT SPARES= 1.87 TRAINING= 14.22

OPEPRTING COSTS 1978 37:

ArrilAl FIKED COSTE CEAYRD DIRECT OPERATIMG CO3T: (B HP2
DEFRECIATION ZEis. FUEL - 1.02
IMNSLIRANCE 1220, OoIL .23

HEULE ara.. PERIODIC IMZP. )
LIABILITY =00, MARINTENANLE 2.99
MEDTLCAL 42, - AIRFFAME 1.03
AIRCEAFT STOPRAGE g. - ENGINE 13
CREM SN0, AVIONICS + BCE 1.24
TRAINING 1512, .
TOTAL (ST P TOTHL .81

I0THL. OPERATING COTTA=YITEH

COST-/HR 2720 HRS-YERAP

FIXED 23,79 59347,
DIFPECT OFPERATIHG T.El S2=01.
TOTAL 21,55 H2143,
ATy PAGE 5
ORIGIN 7 QU %, El1
OF PO0O ',
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MIZSION NO, 5

RYEPAGE IMIT COSTS

Table E~6b

HIGHWAY PATPOL (RELAT YEHICLEY

F1A7E Faz

HIRFFAME

ENGIME

GUID. & COHT.

IFTH LINK

PAYLOAD

INT. 3 AZsY.
TOTAL RPv

GRMD. CONMTROL =TA.

LAUNCHEP-RETRIEVAL

TASTEM CORTS 1975

K™ 2

VEHICLES/3Y3TEM: {
SYETEM ELEHE&T

YEHTCLE
FRYLOARD
GRMI. CONTREDL STA.
LAUMCHER-RETRIEYAL
57E
IPARES
FLIGHT TE=ST
TODL ING .
MGMT. & IMTEG.
’ TOTALS

‘.

INVESTMENT SPAPES=

1.20

GLS-IVSTEM: 0
INYESTHENT
21.73

2.92

0o
-0

i.ag2 .
Yer

- ~

DEEPATING COSTT (1078 § ¢

ANNUAL FIXED COSTS oBrtvPn
" DEPFECIATION 1520, FLEL
INTUPRMCE ' 1a7g, BIL
HULL 1070, . FPEPIODIC IHZP.
LIREILITY 3060.- MAINTENANCE
MEDICAL -0, AIPFRAME
RIRCRAFT ITOPAGE T EHGINE
CREN . [ AYVIONICS + GCS
TRAINING .
TOTAL 2250, TOTAL
IOTH. OFEPATIHG COST-S¥YSTEM
: COST."HR  &92@ HF I YEAR
FIRED 1.01
DIRECT OPEPATIMG 3.50
TOTHAL 5,51

DDTHE

3035,
31

0.

154.
1,
444a,
224,
Figal- .
463,

29540,
24323,
2777 3.

DIRECT OPERATING COSTS CE-HRY

i.23
.25
2.78
4.21
2.40
.20
1.&40

8.50



Table E=Ta

MISSION MO. £

AYEPRRE UMIT COSTS (197% 331

PIPELINE PATROL (MISSION VEWICLEY

AIFFFAME *32020. -
ENSFINE 244 .
GUID. ¥ CONT. 3073,
DATA LINK 1857 .
PAYLOAD 4783,
IMT., % AITY. 1192.
TOTAL. PPV 134173,
GRND. CONTPOL ETH. T oeosal.
LAUNCHER-FETRIEYAL 0.
SYSTEM COSTS <1375 KEh:
YEHICLES-SYZTEM: 1 EESJéYSTEﬂtll
SYSTEM ELEMENT IMYESTMENT IDTRE
YEHICLE 3.33 c35%.
PAYLOAD 4.79 20.
GRHD. CONTFOL <TH. 225.73 1031.
LRUNCHER—-RETRIEYAL .80 n.
GIE 12.80 176.
SPARET .00 S4.
FLIGHT TEST - .00 200.
THOLIMZ .00 93,
MEMT. 2 IMTES. 17.63 TE8.
TGTALD  283.53 5496 .

INVESTHMENT IPARES=12.99 7

+

OPERRTING COTTS <1975 %52

ANNUAL FIYED COTSTS (3-7(RY
DEFPPECIATION 12014,
INTURRNZE 43 .

HULL . 254
LIRBILITY 3040
MEDICAL 2d
AIRCRAFT STEFAGE
CREM 1425
TRAIMING 293
TOTAL A7

TRAINING= Z3.22

IIRELCT ﬂPEPHTINé COSTS CB-HPY

FUEL .30
oIL - .13
PERIODIC INZP, 3.5%
MAINTENAMECE 2.24
AIRFRAME 1.82
ERGINE 12
RVIONICE + BT 2.0
TETARL V.72

TOTAL OPEFRTING TOIT/3YSTEM

FIXED
DIRECT OFERATING
TOTAL

COST#HP 1200 HRT-YERR
30.5t 39T,
FL.79 10151.
38.41 40928,

El3
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MISEION NO. & FIPELIME

1

AYEFRSE UMTT COSTE

Table E-7b

FRTROL (PELAY YEHICLE>

f1ave T

RIRFRAME

ENZINE

SUID. & COHT.

IATR LINK

PEVLOMD

TINT. 3 ARTTY.
TOTAL PPV

BRHD. COMTFOL STA.

LAUHCHER-PETRIEYAL

SNETEM COSTE 1976

KEy:

VEHIDLES~T/STEM: i
TrETEM ELEMENT

YEHILLE

PRVLORD

GRMD. CONTFOL 3TA.

LAUNCHEP—PETPIEYFL

53E

SPARES

FLIGHT TEST

TOOL ING

MSMT. 2 INTEG,
TOTALT

THVYESTMENT EPAFES=

BOEASYSTEM: ©

INYESTMENT DOTRE
21.85 zaan,
2.9 50,

:.BD Qu .- -

T L0020 - 0.
. 1.24 . -has1.
T - .00 - 10z,
.00 415,
.00 &v7.
_1.72 raz.
ev.ee 5309,

.a0

1.a7 " TPAINIMNG=

DPEPATIMG CHOSTT F197E6 33 :

ANHUAL FIXED COZTT {I-YR) DIRECT OPERATIMNG COSTS {3~ HF
DERPRECTIAT ION 1350, FUEL 1.6
INZURAKCE 1349, oIL - .31

HULL 1049, PERIODIC INSP. 2.v3
LIABILITY a0, MATNTENAMNCE .30
MELICRL 0. AIRFRAME 2.35
HIRCRAFT STORAGE . ENSINE . .20
CREN o, RYIONIES + BCS 175
TPRIMING 0. .
TOTAL 2393, TOTAL 8.69
I0TAL _GREPATIAG COST/SYSIEN
LOST-HR 1300 HPS/YERR
FIXED 2.22 25599,
DIRECT DOFERATIHSG 2.64 11220,
TOTAL" io.av7 14129,



MISTION HO. 7 AERICYLTURAL

-

BYFFRGE IMTT CU5T

Table E-8

SFPFPARY INGE

R AR

AIRFFAME
EHRINE
SHID. @ COMT.
DATA LIMK
R FRYLORD
INT. & AT3T.
TOTHL PPY

=FHD,. CONTROL 37A.

LAUNCHER-RETRF IEYHAL

IUCTEM FRTTS C1ays 1y e

WYEHICLESASY¥LTEM: 1

SYITEM ELEMENT

YEHICLE

FREYLOALD

GRMO. CONTROL <TH.

LH”H'HEP FETFIEVAL

=:E

IFAFES

FLIGHT

TOBLIMG

M5MT, & INTES.
TOTALS

TEZT

IMNVESTMENT ISPAFESE =2.31

OFEFRTIMN: TOTTT C197E Tis

AMNHUIARL FIXNEDR COITS LR
DEFPFECIAT I

BLES

NGEEPETTHI=

VTTEM:

IHYESTMENT

:r

I9.02
Z.73
12,490
< 134
T.31
LY
.30
. Q0
F.282
G0, 4

-
.

al
]

ey

=
<)
m

('L
=} 1R
= (LN o 0

PRV T Bl - SR S}

i 0

[0 = s R A N T

“of -
]
=1

- TPRINIHG= S.5%2

DIRECT OPEFATING CO3TS

FUEL

oiL

FEFIODIC IHSPE.

FARINTEMANCE
HIFFFAME
EMiINE
AYIOHICS + GoZ

TOTAL

CIOTT AT NTEN

IM=UFRANCE T 4521,
HIILL - EV5Y.
LIARBILITY 17310,
MERILCAL ad,

HIFCFAFT ITOPAGE - 4,

CPER 109ch,

TRRIHING =15,

TOTAL 1330%,
TOTA

FINED

DIFECT DFERSTING
TOTAL

COIT *HF
is, 31

1.1

1000 HFPZ-YERF
1oz,

29.47 2TdeE.

B HP™
1.9
.40
3.5 -
1.51

El5
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Table E-9.

MISSION NO. 2R SEQEPE STORM FESERRCH

AYERRGE UMIT COSTT 71978 $>3

AIRFRAME

ENGINE

GUID. & CONT.

DATAR LIk

PAYLOARD

INT. = ASTY.
TOTAL RPY 1

GPND. CONTROL STH. 1
LAUNCHEP-RETFIEVRL

SYSTEM COSTS (1976 K3i:

YEHICLEZ SYSTEM: 1

“3020.

244,
3073.
1357.
2975,
1117,
3229,

6543,
0.

GLE-ZYSTEM: 1

SYSTEM ELEMENT INVESTMENT DDTRE
YEHICLE 3.31 2738.
PAYLOAD 3.92 83 .
GRMD. CONTROL STH. 16.55 672,
LAUNCHEP-RETRIEVAL .00 0.
GSE 7 .49 175,
SPARES .00 5.
FLIGHT TEST .00 S11.
TODLING .00 £5%.
_ MEMT. & INTEG. 2.61 733,
TOTALS 39.94 ST10.

INVESTMENT SPARES= 1.37

OPERATING COSTE (1975 §r:

ANMUAL FIYED COSTT CF-YRY

TRAINING= S.92

DIRELT OPERATING COSTZ <Br/HR?

FLEL .82
aIv: .19
PERIDDIC INTF. 2.05
MAINTENANCE 5.26
ALPFRAME 1.01
ENGINE .12
AYIONICS + 507 .12
TOTAL 2.82

TOTAL OPEFATING COSTSZVETEM

DEFFECIATION 2635,
INSUFRANCE 11570
HULL - =03,
LIABILITY 2na.
MEDICAL 33,
RIFCRAFT "STOPAISE G.
CREL 2430,
TPAINIMG a15.

TATAL va37.
FIXED
DIRECT OFERARTING
TOTAL

COST/HR 200 HRL-YERP
32.44 FERT.
Q.33 1265,
43.27 9353,



between 0.85 and 0.99.

Production quantities gssumed for the costing calculations are summarized
in Table B-10. The TFU for each subsystem is determined.either by CER or by
direct input of an engineering estimate. It represents the thecretical pro-
duction status of the hardware as it is postulated to exist at the beginning
of fhe production run for the particular RPV programn. In the case of hardware
that is considered to be already in production at the start of the RFV proéram,
such as Payload, the TFU is the projected unit production cost at that time,
and learning is assumed at a very low rate., In effect, this learhing merely
represents the cost break that would accrue from a large-quantity buy. Inte-
gration and Assembly costs for the RPV covers all activities that cannot be
allocated to any one subsystem and includes assembling all subsystems into an
integrated vehicle and performing accepbance tests.

System Costs: System costs consist of two categories, DDT&E costs and_
Investment tosts. DDT&E costs include all design, development, test hardware,
and test costs required to bring the program to the point where sys?em preduc-
tion can begin. Investment costs‘comprise the average costs to purchase one
complete system ready for operation, ) .

Vehicle DDT&E costs include design, development and fabrication of‘test
hardware. It does not include Payload costs. Fof missions that require a
mission vehicle only, test hardware consists of 20 units, 18 of which are, used
for flight test. For missions that require both a mission vehicle arnd a
relay vehicle, 15 units of test hardware are assumed for each vehicle, (a
total of 30 units), 26 of which are flight test articles. Vehicle Investment
costs consist of the average unit cost of the. vehicle times the number of
vehicles in the RPV system.

Payload DDI&E costs represent only the cost of providing the Payload test
hardware required by the development program. As in the case of the vehicle,
20 units are assumed to be requirgd for single-vehicle missions and 30 units
(15 units of each) are assumed for two-vehicle missions. All other develop-
ment costs for the Paylosd are assumed to be already written off (sunk) by the
time of RPV development. Investment cost for the Paylcad is the average unit

cost times the number of mission vehicles per systenm,

E17



TABLE E-10 PRODUCTION QUANTITIES
{Basis of Costing)

Misasions Assumed
Hardware in which Production
used: Quantity™
Mini,- 4,5,6,7,8 3000
Fixed-wing
Mini, 1,2 1500
REVs Rotary wing ?
M?di, ) 3 500
Fixed-wing
) i - i,2 8 2000
Ground Single-RPV 22,50 |
.Control .
Station | oiitiple-RPV : 3,4,5,6 2000 ]

*These’assumptions were made early in the study, before the market analysis.
However, they are within the range of market potential estimated on page -~
129. Note that the market potential on page 129 is given in terms of RPV
systems (e.g., one Sysfem for mission 1 is two RPVs plus one ground station);

whereas these production quantities are gquantities of RPVs and quantities of
ground control stations.

El8



DDT&E costs for the Ground Control Station consists of design, develop-
ment and fabrication of four units of test hardware. Investment costs are the
- product of the number of G;ound‘Control Stations in the system énd the average
unit cost. ' '

System cost for GSE (ground support equipment) is derived by factoring
other costs and adding the costs of mission-peculiar support eqﬁipmeﬁt.. The
DDT&E costs include design and Qevélopment of the GSE plus the hafdware re-
guired tg support the development program. Investment costs include all the-
initial GSE required to support the operational program. For Mission 7 and 8
the GSE investment costs were augmented to account for the inclusi?n ;f
specific high-cost ground mebility items. ‘

DDT&E spares cost represents the development spares required o support
the test hardware built for and used in the ground-test and flight-test pro-
grams. ‘Investment apares cost are displayed in the cost output independent
of the total for iﬁvestment costs. This is because the cost of replacément
spares are included in the maintenance costs as part of the operating costs.'

A1l flight—test and tocling costs are charged to DDT&E ag a nonrecurring
cost. Flight~tést costs reflect all efforts required to test the air vehicles
and ground control sfationé.as an integrated éystem and to certify the system
for flight. For missions requiring both a mission vehicle‘and a relay‘vehiclé
(Missions 3, 5 and 6), the flight-test plan is niodified_ to account for differ-
ences in test procedures anﬁ objectives. )

Thé IDT&E costs for Management and Integration include sll the systems
engineering, systems integration, and program management efforts required to
coordinate and direct the development program. Management and Integration
cost for investment is the system's pro-rated share of the total cost of this
effort for the production program. ’

Training costs cover the training of a crew for one system. Three train- .
ing programs were 131& out that include estimates of clase size, instructor-.
to-student ratio, training equipmeﬁt and manuals, training duration, and
training sequence. The three training programs are characterized by mission

and system operational requirements, i.e.:
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1. Single fixed-wing RPV and ground control station

2. Single robary-wing RPV and ground control station

3. Multiple fixed-wing RPVs and ground control stations, including

handoff.

In the cost model output, similar to investment spares, training is
shown separately from the total system investment cost because it is included
in the annval fixed-costs contribution o the operating costs.

Operating Costs: Operating costs include the two categories of Annual
Fixed costs and Direct Operating Costs. The sum of these two costs is the
total annual cost of owning and operating a system, except for the amortiza-
tion of DDT&E costs. _ '

For Annual Tixed Costs, the Depreciation of the air vehicles is calcu-
lated in accordance with data developed for manned aircraft. (See following
discussion on Alternative Systems). For fixed-wing vehicles, depreciation is
40% of the initial cost over seven years with 60% residual value, iie., the
annual rate is 5.62% of the vehicle average unit cost per year for seven years.
For rotary wing vehicles, ground control stations, and GSE, depreciation is
509% of the initial cost over seven years with a 50% residual, i.e., 7.14% of
the average unit cost per year for seven years.

Annual TInsurance costs consist of costs for hull, llablllty3 and medical
insurance. These costs are also calculated in accordance with data developed
for manned aircraft. Hull insurance is estimated at 4% of vehicle cost for
fixed-wing RPVs (5.6% for agricultural) and 10% for rotary-wing RPVs. Hull in-
surance also includes an estimate of 1% of the ground control station cost and
GSE cost to insure these elements of the system., Liability insurance is calcu-
lated at $300/aircraft/year (except Agriculbural, which is $1730) and Medical
insurance at $15/operator/year. (See following discussion on Alternative Systems)

No costs are included for RPV storage. It is assumed that RPV vehicles
required for the missions studied can be accomodated in existing facilitles or
the "storage" costs for mobile RPV systems are included in the GSE costs.

Crew costs are a function of the number of crew members and the number of
hours per year that the system is required to operate. Crew costs are consis-

tent with a congensus of salary and benefit data acguired for pilots with TFR

E20



training working in civil aviation. These costs include non-working costs,
such as vecation, sick leave, and holidays. A rate of $10.096 per operating
hour per operator is used to estimate crew costs. Annual operating hours for
cach mission is shown in Teble E-11, '

Training costs are converted to annual fixed costs by amortizing the
training eguipment costs over a seven year period and all personnel and train-
ing manuals over a l0-year periocd.

For Direct Operating Costs, the fuel and oil consumption rate is deter-
mined from the RPV cruise endurance and the amount of fuel carried. Costs are
based on $.85 per gallon of fuel and $1.00 per quart of oil.

Pericdic Tnspection costs and Maintenance costs drew on the Aquila pro-
gram for estimates of major RPV subsystem maintenance manhours per flight hour.
A program was laid out for periodic inspection, airframe and controls mainten-
ance and parts, engine maintenance and parts. This program reflects civil
alrcraft operator requirements, procedures and lebor rates for conducting
scheduled and unscheduled maintenance, overhauls and replacement of gpare
parts. .

Periodic Inspection cost rates were established for the class of mini-
RPVs and ground control stations represented in this study:

$3.57 per flight hour for rotary-wing vehicles

$2.78 per flight hour for Fixed-wing vehicles

$0.78 per flight hour for the ground conbrol station,

Airframe maintenance costs, engine maintenance costs, and avionics and
ground control station maintenance costs are estimated in the cost medel by
using CERs developed for this purpose. The basic avionics and ground control
station ma;ntenance costs do not include the maintenance costs for the Payload.
A survey was made of various TV systems, LLLTV systems, navigation and guidance
systems, and radars to determine maintenance and repair requirements. The
examination suggested that for the types of payloads used in Mission 1 through
Mission 8, maintenance and repair parts costs amount to about 1h% of the
initial cost per year. Therefore, it is assumed in this study that all sensor-
type payloads are to be maintained at the rate of 14% per year. This cost

estimate is added to the avionics and ground conbrol station maintenance cosis
computed by the cost model.

C- 4
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TABLE E-11  ANNUATL OPERATING HOURS

Mission Flight Hours Per Year

1 2920"

2 k67

3 600

L 1460 (2190 for manned aircraft)
5 2920

6 1300

7 1000

8 200

* 8 Hours/Day x 365 Days/Year = 2920 Hours/Year-
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Alternative Systems. - The alternative fixed wing aircraft and helicopters

identified as mission candidates from the market suxrvey are listed in Table
E-12. The total system cost data for thesealternatives came from IMSC's data
bank, the "Aircraft Price Digest", the market survey of present users, and
discussions with aircraft owners and fixed base operators in the San Jose,
California-area. )

System Costs: Albernative systems cost consists of vehicle and payload
costs only. All development costs for general aviation aircraft are assumed
%0 be sunk costs. Ground support equipment is expected to be available at the
airport or facilities from which these aircréfﬁ operate. Spares cost is in-
cluded in the maintenaﬁce costs, an element of direct operéting costs. There-
fore, system cost of the mission-competitive fixed-wing aircraft and helicop-
ters includes the manufacturer's price without interest or carrying charges in
1976 dollars, adjusted for missioﬁ-mandatory equipment and other avionies
pertinent to the specific missions.

Operating Costs: Similar to RPV Systems, operating costs include the
two categofies of Annual Fixed Costs and Direct Operating Costs. The sum of
these two coshs is the botal annual cost of owning and operating the aircraft.

For Annual Fixed Costs, the actual Depreciation-varies with usage and
type of aireraft. For the purposes of this study, the depreciation cost for
thirty-two general-aviation fixed-wing aircraft were examined and an avérage
rate depermined.' All fixed-wing aircraft evaluated were equipped With‘factory—
installed purchaser's options. The examination indicated an annual straight
line depreciation rate of 5.62% of the vehicle average unit cost (purchase
cost) per year for seven years. A similar examination of ten general aviation
helicopters revealed that rotary wing aircraft depreciate fifty percent of
their intitial cost in seven years. This results in an annual straight line
depreciation rate of 7.14% of the vehicle average unit cost (purchase cost)
per year,

Annugl Insurance costs consist of costs for hull, liability and medicgl
insurance. Discussions with fixed-base operators and owners of general avia-

tion aircraft suvggested the following average rates:
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TABLE E-12 MISSION ATRCRAFT ALTERNATIVES CONSIDERED

Mission

Fixed Wing Airecraft

Helicopters

Security of High-
value Property

Cessna 180
Cessna 182
Cessna 206
Cessna 310
Cessna 337
Cessna 340
Cessna 440

Hughes 300C
Hughes 500

Bell 47G Series
Bell 2064

Fairchild FH-1100

Wildfire Mapping

Cessna 180
Cessna 182
Cessna 206

Bell 47G Series
Bell 206A

Wildfire Debtection

Beech RSO

Fishing Iaw

Enforcement

. Beech B8O
Cessna 310Q
Cessna 340°

Highway Patrol

Cesspa 180
Cessna 182
Cessna 206

Hughes 300C
Bell 206A°
Fairchild FH-1100

Pipeline Patrol

Cessna 150L
Cessna 172M
Piper 140

Agricultural
Crop Dusting

Cessna 188
Grumman Gi6ka
Piper PA=25
RI Thrush

Bell 47G Series

Storm Research
- Low Albtitude

Lockheed I-T7L49
M D F-4C

RI (WA) F-100F
Beech B8O
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Tixed Wing Aircraft
o Single engine - cost less than $40,000: U9 of manufactureg's
price _(5.6% of manufacturer's price for Agricultural aircraft)
o Single engine - cost more than $40,600: 3% of manufacturer's
price (5.6% of manufacturer's price for Agricultural aircraft
costing $40,000 to $50,000)
o iight twin engine aircraft: 2% of manufacturer;s price
o Business jets and larggr aircréft: 1% of manufacturer's price
o There is a deductible clause for general aviation airérafs that
may vary from $200 to $1,000, depending on the insirance
carrier and the value of the alreraft.
Helicopters
o 10% of manufacturer's price (As the aée of the helicopter in-
‘ crasés:the hull insurance cost increases. Depending on use,
hull insurance varies from 7% to 15% of menufacturer's pfice.)
o 149 of manufacturer's price for Agricultural helicopters.
For general .aviation aircraft liability and property demage - $1,000,000
combinedwéinglé:iimit insurance are: ’
o 1-3 place single-engine aircraft: $300/aircraft/year
o bk place, and over, single-engine aircraft: $450/aircraft/year

.o ‘twin-engine alircraft: $4,000/aircraft/year.

For agricultural aircraft, drift lisbility and aircraft liability are included
at the following rates: -
o Fixed-wing airecraft: $1730 per aircraft per year

o Rotary-wing aircraft: $2600 per aircraft per year

Current general aviation praétice is bo carry $5,000 medical for gach
crew member at the rate of about $l5/person/year. The medical insurance cost

for agricultural aireraft crew is about $60/person/year.

Aireraft storage depends on aircraft physical characteristics and a cost

per square foot per month (typically $0.15, currently charged by fixed base

operators at the San Jose AMrport, San Jose, California).

Crew costs are consensus of salary and benefit data acquired on working

pilots and observers ip civil aviation. Pilots and pilot-obgevers are assumed
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to hold valid private pilot's licenses. Fixed-wing pilots have, at ieast,
gome additional instrument training. Crew costs include nonworking costs,
Rates of $10.96 per duty hour

per pilot and $8.20 per non-pilot observer were used in the study.

such as vacation, sick leave, and holidays.
In missiongs
1 and 5, each two-man crew flies four hours out of an 8-hour duby shift, and
there are two shifts per day. An exception to crew costs is the expected
annual income for an agricultural aircraft pilot. Operator annual costs
varied widely with hours flown. An annual crew cost of $50,000 was selected

as a best mean estimate on this study. Table E-13 gives annual crew costs.,
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TABIE E-13  ALTERNATIVE ATRCRAFT CREW COSTS
Crews per Systenm Crew Cost
Mission
Fixed Wing Helicopter, Fixed Wing | Helicopter
1 Pilot and Pilot and
Obgerver Pilot-obgerver $;12’OOO $128,000
2 Two Pilots —_ 32,200 | —_
3 Two Pilots —_ 13,200 —_
4 Two Pilots
and Observer - 66,000 -
5 Two Pilots — 128,000 —
6 Pilot — 14,250 —_ ;
7 Pilot - 50,000 50,000
8 Two Pilots — 4,380 —_




No training costé are included for pilots and observers that operate
fixed-wing aircraft and helicopters.

For Direct Operating Costs, fuel consumptlon per hour is based on data
from the "Aircraft Price Digest" or calculated from aircraft endurance at the
most economical speed and fuel capacity (with reserve). 0il consumption per
hour depends on aircraft oil capacity, an assumed consumption rate of ftwo
quarts of oil per 100 gallons of fuel, and oil changes every 10C hours.

Average Tuel and oil costs used on the study are:

Aviation Gasoline $0.85 per gallon
Jet Fuel $0.77 per gallon
0il $1.00 per quart

Periodic inspection and maintenance costs were developed from data
offered by San Jose, California, fixed-base operators, manufacturer's
estimates, and information acquired from the market survey. The periodie-
inspection and the scheduled-and upscheduled—maintenenance cost analysis
included single-engine and twin-engine fizxed-wing aircraft, and smwall, three-
to-five seat helicopters. The Periodic Inspection costs for Tixed-wing air-
craft are shown in Figure E-1, and for rotary wing aircraft in Figure E-2.
These curves are the best méan estimates of the available data.

Airframe maintenance and parts cosgsts are shown for fixed-wing aircraft
and helicopters in Figures E-3 and E-L, respectively. These curves also are
the best mean estimates of the available data. /

Engine maintenance and parts costs are based on a used engine being over-
hauled by a local fixed-base operator. This is the most economical of
approaches to engine maintenance costs. Other options include engine replace-
ment with a new engine, engine replacement with a new exchange engine, or
engine replacement with a remanufactured engine. The engine maintenance costs
are compubed from actual data on the average éost of overhaul and installa-
tion and dividing by the time between overhaulrengine hours .

Avionics maintenance and parts costs are treated in a somevhat different
manner. Discussions with users and fixed-base operators indicated that,
normally, communication and navigation instruments are replaced or repaired

only when a malfunction occurs. Tt was assumed for the purposes of this study
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that basic avionics maintenance costs would be the equivalent to replacing
the avionics installations every ten years, based on the life of the equip-
ment, assuming a conservative 600 flying hours per year.

Similar to RPV Systems, the basic avionics maintenance cost estimates
do not inelude the maintenance costs for the sensor payloads. The same 14,
of the average unit sensor cost per year, established for RPV sensor payloads,
is added to the basic avionics maintenance costs for fixed-wing aircraft and
helicopbers to account for the maintenance requirements of mission-related

sensor systems.
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APPEWDIX F
RPV STATE-~QOF-THE-ART ASSESSMBNT
This appendix discusses the present state of several technclogies that
play important parts in the design and functicning of remotely piloted
vehicles (RPVs). The topics discussed are:
o Navigation eguipment
" Airborne data and command link equipment
Airborne computers '
Beacon transponders for collision avoidance

Engines

o © O o O

Inmaging sensors

Wavigation

Four kinds of navigation are discussed here. They are trilateration
Loran, Omega;, and the rho-theta method.

Trilateration. - In its simplest form, navigation Ey'trilateratiOn uses

radar ranging to measure ranges from a meobile unit to two or more reference
transponders at known fixed locations. The mobile receiver-transmitter
interrogates the reference transponders in turn and measures the elapsed
time for the round trip of the signal. Three or more reference transponders
vield an‘unambiguous solution for location in three-dimensional space. Tri-
lateration can be used at any range and in any operating srea over which
line-of-sight can be maintained between the mobile unit and the pre-positioned'
reference transponders, provided transmitting power and antenna gains combine
to give adeguate signal strength:

Tri%gteration systems are available today for position location of survey
boats, dredges, seismic exploration drilling trucks, and other such surface

units. Although not developed with RPV use in mind, the weights, power
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requirements, and opefating ranges of off-the-shelf units are not far from
values usable in RPVs. An example is the Motorola Mini-Ranger IT1 (MBS III)
horizontal positioning system. The basic MRS III system consists of a range
console, a receiver-transmitter, and two reference stations. The range
console and receiver-transmitter units usually form the mobile part of the
system aﬁd the reference stations are usually set oub at fixed known locations.
Table F-1 gives the specifications of the éasic MRS IITI. TIn an adaptation to
RPV use, the range console might be integrated into the ground control station
(with suitable changes in the display of position information) and the
receiver-transmitter unit carried aboard the RPV. Three or more reference

stations would be located around the periphery of the opepating area.

Table F-1. Motorola Mini-Ranger ITIT System Specifications

SPECIFICATIONS

Range 37 kilometers (20 nm.)} line of sight; 185
km (100 nm.) options available.

Accuracy 3 meter (10 ft) probable range error. -

Frequency - 5450 to 5600 MHz. .

Coding Four selectable codes using pulse spacing.

RANGE CONSOLE
Range readout Displays channels A and B simultaneously with range
units available in meters {standard); yards or feet optional.

Qutput to peripherals Binary coded decimal, TTL, +8421 parallel.

Operating voltages 115/230volts AC, 50 - 400 Hz,
. : (Optional: 24 - 30 volts DC power).

Operating temperatures 0° to +50°C -

Dimensions 43 x 45.7 x 14 cm. (17 x 18 x 5.5 in.) table mount.

Weights 14.5 kg. (32 Ib.}) AC power.
12.7 kg. {28 ib.) DC power.

RECEIVER/TRANSMITTER UNIT

Antenna Omnidirectional, 25° elevation.

Operating temperatures —40° to +60°C

Dimensions 15.8 x 23.5 x 16.5 cm. (6.25 x 9.25 x 6.5 in.)
Weight 2.3 kg. (5 Ib.} with brackets.

REFERENCE STATIONS

Antenna 13 dB sector; 75° azimuth, 15° elevation.
Operating voltages 24 - 30 volts DC.

Operating temperatures —54° 1o +71°C.

Dimensions 14 x 26 x 16.5 cm. (5.5 x 10.25 x 6.5 in.)
Weight 2.3 kg. (5 Ib.) less antenna,

¥2
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LORAN-C. - LORAN-C is a pulsed transmission gystem having a broaxl spec-
trum centered at 100 kHz, It is characierized by a highly stable ground wave
which can be received accurately up to 2000 km from the'transmitting station.
Seven chains are currently cperational worldwide and cover a substantial
portion of the northern hemisphere. U.5. coverage is primarily in the eastern
half of the country, although west coast coverage can be achieved if LORANTD
equipment is used rather than LORAW-C. The major disadvantage of LORAN-C is
that not all of the U,8. 1s covered by LORAN; consequently, this system is
unusable in some areas. LORAN navigation will work best for those applica-
tions covering & large arez in which the flight plan is not necessarily pre-
dictable or repetitive.

Omega. - Omega is a very low frequency system that operates at 10.2 kHz,
11.3 kHz and 13.6 kHz. It is a worldwide system using eight transmitting
stations. These stations are operating and Omega navigation can be used
throughout the U,S. Ambiguities ocenr ab various distances depending on the
number of frequencies used by the receiver. This occurs every 24 miies if a
single-frequency receiver is used, and every 72 miles if a three-frequency
receiver is used. Propagation corrections can be determined and transmitted
to the RPV, which greatly‘improves accuracy. As in the case of LORAN, Omega
is most logical for use in Ghose applications requiring wide area coverage.

Rho-theta. - Rho-theta navigation uses the pointing azimuth (theta) of
the ground antenna, the range (rho) from antenna to RPV meaéured by timing a
round~-trip signal, and the altitude measured by the RPV's albtimeter. All
calculations are done at the ground conktrol station, and commands sent to the
RFV for heading, speed, and altitude.

Tab}e F-2 summarizes the size, welight, cost and accuracy of the airborne

equipment for the four navigabtion methods.

Airborne Dabta and Command Iink

Table F-3 shows estimates of the size, weight, and cost of transmitting

and receiving eguipment suitable for RPVs. Present values and predictions
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Table P-2 . Alrtorne Mavigation Equipment . . [ I

! I
2 . o L i
’ ’ [ v Do ; . r B % . :,'
Havigation Weight : Volume . ' ' cOBt(l) Lt Accuraey, CEP ¢ |
Mzthed 1076 ‘ 1985 . 1976 b 1985 ! 1976 1985 1 f L. tae6 . : . 1985
’ } v l. 1
Trilateration {2} 5 39/2,3%g | (23 375 aaof6100 eb | . (2) | $s5000(3) | . 2} 1l 420¢5/26a
: ; : o : N :
1 H . ! ! . '! . B f i
LORA%AC 3 1b/L0 ke | . 3/L.b 120 in3/2050 cnd | | 100/1600 r $3000 | .3000 1000 £6/300 @ - | 1000/300
. ! P ! ' . : .
’ . . 3 ' 1
,% {_% tmega 3/1.4 . 3Lk 125/2050 100/2600 000" "] 3000 , g000/2800 © ! 3000/500
w S ~ R A KO I S EURN NS I
o E Rho-thetn . (3), (4) (3), () {3), (¥ (3), (W) | {3), 54) - -6 mréd in 8o, i
g - ! ! i ‘ 100 £t in rho (5)' o
E»E: | i . ! i \ 1
T2 N R N R I !
| 5‘3 (1} Conslant 1576 dollars; production quantity .= 1000 units ; i i i
E tlg (2} Mot avatlable in RPY configuraticn in 1976 | f s : . N “
,? a:_, (3} e additicnal airborne equipment ) _ ' ' X ' o ! P ; o ‘
(4} Requires ground eguipment for computation apd 1ntex"rogation , ot , _‘ i : '
(5) 1Independent of range - ' . e :
b . . \ T T l
Table F=3 . Atrborne Date apd Command Link ! . E . i
| R Ch . o ;e S S
i ' v i “ Lo L e o o ) P
; . . : ' v : . (l) | N I[ .
Helght o . Volume ; " Cost | . Power Required 1
978 1985 sl l.o 1976 - 1985 176 1985 2976 T 1985 } Bt
; . C
r - * : i e .
Reveiver 6 02/0.17 kg | 4 0z/0.11 kg | B 1n/131 en® | b 1ad/66 o 00 | $700 | 06wl oMW o
: : l ' v ! . ! 1
. . ’ ' . , ., |
video transmitter 20/0.57¢ 12/0.3b 16/262 C 102064 1500 . 50D 100 ko i o
. ‘ . ; L. ' :
. ) ‘ ot
Encoder/decoder 16/0.45 8/‘0.23 16/262 8/131 1100 550 0.5 0.5 ; v
: ' : H : ! v i
- ' v ' S Co "
Antenns . 1/0,03 1/0,03 1/16 1/16 P L 35 -, - T
. > ! ! !
Totel 43/1,20 25/0.71 hifeqs i 23/377 ce 37C0 | ~ 2200 | ~100 : | ~hO ) ‘

. .
H ! . '
ot

.

(1) Conatant 1976 dollers; production quantity = 1000 unite ;



are based on discussions with representatives of three avionics manufacturers
who supply RPV electronics equipment, but shouwld not be considered as perform-
ance claims or price quotes. The three manufacturers are Aacom, Inc., Resdel
Ingineering Corporation, and the Conic Corporation.

The three basic performance characteristics assumed for the equipment
are:

o Bit error rates less than 10>
o Video signal quality greater than 20 dB (rms/rms)
o " Standard video information bandwidith

6 Telemetry bandwidth is 1000 Hz; command bandwidth is 500 Hz.

Airborne Compubers

Cne of the applications of the airborne computer is that of replacing
much of the analog and digitai flight control circuitry. This has the ad-
vantage of reducing weight and size, ard adds flexibility in that it -is then
possible o make major modifications in a design by reprogramming a memory
rather than designing new.circuitry. A singie design may be used for a num-
ber of different vehicles. With microcomputers, the central processing unit
ig uswally on a sihgle‘chip, so the primary volume requirement is the space
allotted for the memory. A large memory i1s desirable, in order to be able
to store calibration data and mathematical look-up tables, as well as special
routines. ’ )

A criterion for compuber evaluation is the ease and speed of addressing
data in memory. If several levels of indirect addressing are required to
reach much of memory, then any instruction requiring memory access will be
more time-consuming. The type of memory should also be considered. Core
provides the most flexibility, since it is non-volatile (no data loss with
power loss) and can be rewritten over snd over again. However, it also re-
quires the most power. Semiconducter Read Only Memory is non-volatile bub
permanent. Semiconductor Random Access Memories can be read or written, but

are volatile. Programmable Read Only Memories can be erased fully and re-
written over and over again, so offer a possible compromise between ROMs & RAMs.
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Within the area‘of Random Access Memory, there are two different types.
Static RAMs use flipflops for storage, while dynamic RAMs rely on charging
the input capacity of field-effect transistor (FET). Static RAMs require
less associated circuitry, are easier to handle, but consume more power and
are generally slower. Dynamic RAMs have very low standby power and consume
less power than static RAMs even when accessed, but must have their charge
refreshed at least every 2 milliseconds, requiring additional logic circuitry.
Also, when used in conjunction with a CPU, the CPU clock rates must be modi-
fied to allow for the refresh cycles. However, the reduced power consumption
of the dynamic RAM mekes it an attractive candidate for large memory systems
where memory power can be high. A small battery can be used as standby power
for a dynamic RAM array in order to preserve stored data when main power is
removed,.

Other applications of an on-board computer are in naviggtion and guidance
systems. In the processing of Omega navigation signals, the computer can pro-
vide many functions such as timing, calculations, calibrations, and digital
filtering. Some-of the guidance functions can be transferred from ground
computer to the airborne computer, in order to decrease dependency.on the RF
data link for reliabie opefation.

Since subroutines ﬁill have wide usage, it is desirable that the computer
have provision for nesting of many subroutines. Aithoﬁgh a 16-bit word length
is desirable, cheaper and smaller 8-bit microcomputers can be used at less
than their normal speeds to form 16-bit words. When handling flight control
data, update commands do not have to be given often Eompared with computation
speeds, so the 8-bit machines may indeed be the most efficient solution.

A major computer selection area is between a microcomputer, which is
composed of a single-or few-chip microprocessor and auxiliary circuitry, and
a minicomputer, which is a small computer enclosed in a housing. The advan-
tage of a minicomputer is its gregter egse of operation, speed, and amount
of software supporbt available., Also, the minicomputer is a fully defined
unit, while the microcomputer is a collection of computer elements made either
by the manufacturer of the integrated circuits, a separate supplier, or the
user, However, the microcomputer speed may be sufficient for many applica-

tions, and its cost, size, and weight reduction over the minicomputer make
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it the prime candidate for airborne RPV applicstions. Besides the decreased
volume, since microcomputers are fabricated at the circuit.level, these cards
may be assembled to fit more restrictive. and more irregular volume allobtments
than the minicomputers.

What cannot be fully explored in this summarized survey is the time re-
quired by each computer to pexrform all the functions intended for the on-board
computer. This can only be determined by a detailed definition bf the re-
quirements, well beyond the scope of this survey, and a detailed study of the
architecture of the compuber camdidates. The space and power required will
depend strongly on @he amount of memory‘required and the amount of ﬁérdware
necessary for interfacing with all the devices with which the compubter will
interact. The cost of using a given candidate will be heavily dependent on
the software support for the tasks to be performed.

Microprocessor technology is advancing rapidly, with many new devices
being announced from a variety of mamfacturers, and speed and capabilities
being increased. Table F-L describes a representative microcomputer system.

Table F-5 summarizes some significant characteristics of three micro-
computers and two minicomputers. The first listing is the size of the basic
instructions set. Generaliy, a larger instruction set permits more speed and
flexibility of operation; however, the usefulness of given instructions must
also be congidered. A shorter wérd length means that more time fiust be con-
sumed in handling 16-bit data. Subroutine nesting capability is important
because it permits the computer to handle many repetitive tasks efficiently
and intersperse them with other programs. The times required to do addition
and to shift data give an indication of the effective speeds of the various
computers. A built-in hardware capability speeds multiplication and therefore
many computations., In the absence of such a capability, ROM table lock up,
external hardware, repeated add and shift, or a combination of these can be
used. Direct Memory Access permits rapid access to the computer memory for
high speed peripherals. Minicompﬁters are primarily constructed with TTL
CPUs, faster than most currently available microporcessors which utilize
primarily MOS for their CPUs, although interfaces are TTL-compatible. Mini-

computers are generally easier Go program and have more available software
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Table F-b. Repreaenuuve Hicrocomputer Syaten Based oo INTEL 8080 CPU

e e — e — o e e rem r memea s s R T Somaan armmmes i et s
[ .

ay e '

MC3-BO Capabilitaes l o,

== 8=pit" parallel central processor, using 8080 chip.
2.5/{1 see instruction execution time. . -
78 basic instructions. . P : i T e
Direct addressing o up to 65 K bytes of any speed RCM, PROM, or RAM.
“~Virtuslly unlimited subroutine pesting.” * ) o
+ Seven working reglaters: gix 8~bit gensral purpose registers and one 8-bit accumuletor.
256 x 8-bit PROM. - o
Separate 16-bit address bus, 8-bit output bus and 3 multiplexed S-b‘ t input busses for -

"'"I/O input, memory input, and interrupt data.™
Direct sddressing of 256 input and 256 output ports. .
Four 8-bit ipput and twelve B-bit latching output ports. 4 " .
All busses TTL compatible. - )

- 1K of §-bit static RAM or b K of 8-bit dy’namc: RAM capebilityl
AL cireuitry on one 6" x 8" card, gpproximately O. 5" thick. . . -

mem .- J— PR .

“ IN-GO Memory System Capabilities

32 K x 9 dynamic Random Aceess Memory .

Cycle Time: 650 nanoseconds.

*A1l eircuitry on two 8" x 10.5" x 0.5 cj_rcu:.ﬁ cards.
Power Requirements. 2k watts_

Temperature: 0 C to 50 c oper&.tlug, -hO c to +L.5 C non-operating.

Altitude: Up to 10,000 ft onera.tmg, up to 5,000 £t non—operat:.ng.

Field expandable. - Tt meoM me e o Tt T

O - ' o 1976 T 1685 . <
- ¥olume 600 euin 200 cuin | -
. Weight 12 1bs 8 1bs . S S
| Power 100 ~ 200 W 50 - 100 W ’ ’ T
Unit Cost (1) $5,000 $3,000 : ] R
I . x - - k=
L] -
FOTE: Includes 32 'K words x 16 bits or &4 K x ¢ 8bits of memt;z"_;'.-_—'_; 0 o
Power consumptior depends on mxx of RUM, PROM, dynariz RAM, B

' atatic RAM . . :

boes not include DC supplies which may be shar:ad ’

1 with other portions of tne system.

(l) Hardware coste only, in conatant 1976 dollars;

production quantity = 100+,

ORIGINAL PAGE IS
OF POOR QUALITY,



64

Bendix Intel National HP 2100 Motorola 6800
{Mini) 8080 Series PACE Mini- Micro-
BDX=020" Microcomputer Miecrocomputer computer  computer

Eo. of Ingtructions ko 72 ks 80 72

Basic Word Length 16 8 16 + 8 16 8

Subroutine Nesting Ability . Not Very Good Very Very

: Given Geod . Good Good

Min. Instruction Times)Add. 2 ) 8.5 2 2

(an seC) Tong 0.5+ I+

(8 £ No. of Shifts) Shift 1 + 8/2 28 68 5/2 2s

Direct Memory Access for I/0 Yes Yes Yes Yes Yes

Memory . Core or Semic. Semic. Up Semic. Up Core, Up Semic Up to 65K
Up to 32 K to 65K x 8 to 65K x 8 to can be addressed
core. 512 words words can he can be 32K x 16 directly.
directly directly addressed’
sddressged. addressed. directly.

CPU Technology TTL MOS MOos TTL MOs

Software Support Yes Yes Yes Yes Yes

No. of General Registers 16 6 4 2 2

Built-In Hardware Multiply  Yes No No Yes No

TABLE F-5 Comparative Computer Parsmeters




support. The number of general registers is also an important evaluation
criterion, since too few will result in data bobtlenecks which in turn will

slow down processing and make programming less efficient and more complex.

Beacon Transpondexr

Upcoming legislation will require a Collision Avoidance System (CAS) on
all aircraft by the late 1970's or early 1980's. At the present time, the
primary candidate CAS 1s ‘the Litchford Semiactive BCAékSystem. The BCAS re-
gquires an Air Traffic Control Radar Beacon System (ATCRBS) Mbﬁe C transponder
currently in use by aircraft operating from Class 1 terminal control areas
plus a yet-to-be-defined escape-maneuver decoder. The ATCRBS Beach System
congists of a transponder and an altimeter.

The BCAS system is envisioned to operate in the following manner: the
transponder, when interrogated by ground base radar, responds with an assign-
ed identification code and the altitude of the aircraft. The ground hase
station, along with secondary radar stations, triangulates the aircraft
position and tracks all aircraft in the air space uhder supervigion, In the
event of possible danger of collision, the ground base radar transmits in-
structions to each endangered aircraft as to action fo be taken to aveid
collision via the beacon/radar 1ink. _

The airborne BCAS hardware, with the exception of the escape-maneuver
decoder, presently is available from all of the major avionics equipment

manufacturers. The typical beacon/transponder meets the following:

Size: 6 in3

Weight: 3 1lb

Input Power: 18 watts

Cost: $600
The altimeter is described by:

Size: 6.5 in3

Weight: 0.6 1b

Input Power: 1 watt

.. Cost: $600
*BCAS ~ Beacon Collision Avoidance System
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The forecast oflimprovements in the beacon system will be three areas:
(1) the microwave power source; (2) altimeter; and (3) processor electronics.
The microwave source is presently using a cavity triode. 8Solild state sources
using TRAPATT diodes would reduce the size and improve cost, life, and power
congumption. The altimeter will be replaced by a solid-state transducer
along with a microporcessor to correct the non-linearities which are inherent
with the solid-state pressure transducer. This will improve on size and cost.
The processor circuit will probably be mechanized in large scale integrated
(I8I) circuit technology and will also use the altimeter microprocessor to
provide control functions. These Techniques would provide improvements in
cost and size.

With the implementation of these forecasted improvements, the 1985
beacon systems, with the altimeter and escape maneuver decoder, could meet

the following:

Size: 40 in3

Weight: 2 1b

Input Power: 12 watts

Cost: $2000
Engines

The engines available for RPVs are mostly designed-and built for powering
other devices such as chain saws, go-carts, snowmobiies, etc, One or two, by
Kolbo and by DH Enterprises, were developed for RPVs. Table F-6 summarizes

the main characteristics of a number of candidate engines.
Imaging Sensors
Table F-7 summarizes some of the main features and characteristics of a

number of imaging sensors that are, or are expected to be, available and

suitable for RPV programs.
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APPENDIX G

DATA AND CONTROL LINK DESIGN RATIONALE

The starting point for the
design of each data and control link is the range over which it must operate,
as determined by the geomebry of each mission. These geometries are described
in Appendix C and summarized in Figure 6-I. The second determinant is the data
rate (in Hertz) and data quality (in signal-to-noise ratio (SNR)) %o be pro-
vided, as determined by the information to be transmitted in each direction.
This, too, is determined by the mission. Beginning with these reguirements
and a chosen fregquency, & link analysis provides transmitter powers, antenna
gains, recelver noise figures, and bandwidths for proper operation. The size,
weight, cost, and electrical-power requirements of equipment with these char-
acteristics are then estimated and used in the conceptual system designs and
the system costing.

Frequency: It is desirable to keep the frequency as low ‘as possible (in
the UHF region) to keep the transmitter costs down and avoid high range losses.
Lower frequency means both lower component costs and better efficiency.‘ A
frequency of 800 MHz was used, assuming it to be possible to get the Federsl
Communications Commission to assign several UHF television channels between
channel 70 and channel 80 for use by RPVs in any given region.

Data rates: The required data rate for the command (control) 1link from
the ground is estimated at 500 Hz in all systems but Mission 7. Because of
the tighter control required for precision flying during crop spraying,
Mission T7's command-link bandwidth was increased. For the data downlink it is
estimated at 500 Hz for telemetry,-h.s MHz for video or FLIR, 0.2 MHz for
infrared iine scanner, and 0.25MHz for synthetic-aperture radar.

The system bandwidth was selected by assuming frequenby accuracy of the
transmitter and receiver of 0.005% (within 40 KHz of £, each) and adding the
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bandwidth réquired by the signal. A rigorous analysis of signaling technique
to be used was not done for each system.

Iink anslysis: The link analysis was performed on all systems; the
results are displayed in Table G-4 The SNR result does not include the effects
of frequency-modulation (FM) and pre-emphasis improvemeﬁt. The are possible

and can be calculated from the following equations:

FM improvement 10 log 3/3 2 5 A= fd/fm

where f deviation frequency

d
:m = modulaticn frequency
pre-emphasis improvement = 10 log /{2 T £ 1‘)2/§7
where 7 = the de-emphasis time constant

5

Using the criterion that bit error rate must noﬁ exceed 10 - in the
digital links, a SNR of 1l dB is required. A1l links provide margins con-
siderably above this figure. Video links should have a SNR of at least
20 dB, and mission 1 has the least margin (4 dB). However, that margin is
satisfactory.

A basic set of system-performance and equipment quality values were
determined first for the requirements of missions 1 and &, as shown in Table
G=4.The other gystems were developed as variations from this system. In thié
system and the system for mission 2, navigation is by the rho-theta method,
in which the RFV encocder is bit-locked to the command decoder to get a range
(rho) cutpubt by measuring the phase difference between the telemetry signal
and the command signal and calculating travel time of the signal. The point-
ing angle (theta) of the ground antenra is measured for azimuth from the
ground stabion to the RPV, and the RPV altimeter measures altitude. Position
is caleulated from these three parameters. The angular accuracy can (with
some care) be measured to one-twentieth of a beamwidth and the command and
telemetry phases measured within 3 microseconds. Thus, the RPV position can
be resolved to approximately 150-meter cells at a range of 10 mi (16 km).

Mission 2 has the same basic link except there is an additional 6 dB of
range loss. By replacing the & dB antenna with a 14 dB antenna, the 6 dB is

regained.
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TABLE Gu4 SUMMARY OF LINK ANALYSIS FOR ALL SYSTEMS
TRANSMITTER RECEIVER
MISSION LINK ﬁém%ﬁM) POWER | ANTENNA | ANTENNA | WOISE Bﬁgg%?ﬁiH SIR
: GATN GAIN - | FIGURE
1 and 8 | Command 10 (16) 1w 8 dBi 0 dBi .10 4B 0.1 MHz 36 aB
Data 10 (16) | 2 0 8 5 10.0 ol
2 Command 20 (32) |1 14 0 10 0.1 36
Data 20 (32) 2 0 ik 5 10.0 ol
3 Command: grnd - relay | 150 (240) i 23 5 0.1 38
relay - RPV | 250 (400) b 12 5 0.1 26
Data: RPV - relay | 250 (400) i 3 12 3 0.5 21
relay - grnd | 150 (240) ) 0 23 5 0.5 31
I3 Command 150 (240) 4 25 3 3 1 45
’ Data 150 (240) L 3. 25 3 .0 35
5 and 6 | Command: grnd - relay'| 150 (240) b 23 5 .1 44
relay - RPV 3 (4.8) 1 10 - 1 38
Data: RPV - relay 3 (4.8) 2 0 5 10.0 26
relay - grnd | 150 (240) 8 6 23 3 10.0 29
7 Comma.nd, 1 (1.6) 1 15 0 10 0.5 56
Data, 1 {(1.6) 1 0 15 10 10.0 43




Mission 3 requires a relay system due to the leng ranges (over-the—
horizon). As transmitter power is a costly method of gaining range perform-
ance (23 db more than mission 1 between the relay and the ground), the antenna
gain was increased by 15 4B, the command receiver noise figure decreased by
5 dB, and the transmitter power increased by 3 dB. This provides the same
command link performance out to the relay RPV as mission 1. To provide the
command link to the mission R¥V, power, antenna gains, and receiver nocise
figure had to be improved. Response on the downlink was assumed to require
less than 500 KHz of IF bandwidth,

The systems for missions 4, 5, and 6 are variations of the above systems.
Mission 7 is extremely difficult, as it requires very tight control. Data
rates were increased to provide high sample rates of all RPV data and a higher

command rate.

Figures G-2 through G=-5 illustrate the main elements of the airborne and
ground-based parts of the links.
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