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PREFACE

In recent years, all three military services have demong™rated 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 ﬁhe National Aubonsutics
‘ and Space Administration, If this technology base can be adapted for civil

f use in RPVs at an acceptable cost and with proper safety and environmental
T impact, a majof new field of eeronautical applications may'very well emerge.
i; Early investigations of this pogsibility were done in-house by NASA—

Ames Research Center, and the indications were sufficiently encouraging to
: gi lead to-the contracted study by the Lockheed Missiles and Space Comgany, Inc.
:i : (IMSC), that is reported here. Although this mcdest study does not resolve
all the unknowns about RPVs in civil applications, the indications continue
to be encowraging. &
. Mr. Walter ¥. Nelms of the Advanced Vehicle Concepts Branch, NASA-Ames
?}j Research.Center, was the Technical Monitor for the study.
3 The complete final results of the study are reported in NASA-CRL37894.
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CIVIL USES OF
REMOTELY PILOTED AIRCRAFT

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 e¢ivil uses of RPVs to fruition and to determine whether
or not the potential market is real and economically practical, the technolan
gies are within reach, the operational problems are manageable, and the bene-
fits are worth the cost. To do so, the economie, technical,'and environmental
implications are examined. The time frame for'épplication 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 uses are selected as representative; detailed funetional and performance
requiremenis are derived Tor RPV systems; and conceptual RPV syétem designs
ere 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-RFV alterna-
tives. The potentlal market demand for RFV systems is estirated in the uses
for which RPVs show a cost advantage.

Environmental and safety requirements and provisiois are examined, and
legal and regulatory concerns are identiified. Areas of technology challenge
are also idenfified, end research and developmeﬁt emphasis is suggested.
| A potential demand for 2,000-11,000 RFV systems is estimated. Typical
cost savings of 25-35% compared to non-RPV alternsbives are determined. There
' appear to be no environmental problems, and the safety issue appears mznageable,
although collision avoidance remsins the key safebty issue. FEarliest potential
for a demeonstration (in a remote area, with a federal government user) is about
1980, with full-fledged use by e federal agency by 1982 and by other government
and commercial users by 1985. Government research and incentives will be re-
- quired, and specific research-is.recommended, emphasizing safety features and
other areas not likely to be covéred adequately'in military RPV dévelopmeht
programs. &



APPROACH

The first activity of the study is a marRet survey—a series of dis-
cussions with potential. users and others which produced deseriptions of tha
potential uses and alternutive (non-RFV) systems presently used, if any.
The survey also determined the users' reactions, preferences, detailed cge-
quirements, and estimates of the potential demand in the various uses.
Thirty-five uses are defined, from which nine are selected for detailed
examination. Quantitative functional requirenments are theh developed for
each selected use.

RPV system concepts are devised to satisfy each set of functional
requirements, and the cost of doing each job with an RPV system is estimated.
The comparable cost of doing each job with present or potential non-RPV means
is also estimated, and the two compared. Legal and regulatory concerns
5aised by the peculiarities of RPV systems are identified and noted, but do
not 1imMit the consideration of RPYs for any potential use. .

‘Means are devised for integrating RPVs into esch markebt for which RPVs
show a promising cost advantage. The cost-benef%t comparisons are used to
identify the most promising uses and estimate the market share that RPFVs
might capbture. An accurate estimate of the total RPV market is nof attempted.
Cur goal is to see if there is enough potential demand to justify the continu-
ued interest of industry and the NASA in RPVs flor civil uses.

Technology areas are identified in 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 relﬁﬁionships of

the study tasks and subtasks to each other.

RESULTS

Market Survey

The first phase of the study was a market surﬁey 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.
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. ESTIMATE SIZE AND NATURE QF - Sg\f_ﬁ;‘r’f y ESTIMATE COST-BENEFT = ) 1:-15{_:&&::{33 : Imxrr
MARKET AND CARKET 1% EACH USE. REPRESENTATIVE COSTS OF ALTER- GO PARISONS OF MARKETS AND ESTD! X
COST- BENEFIT X ENSIVE DISCLSSIONS WITH —= USESFOR MORE [ | NATIVES TO RPVa G ovs AND M S{ARES (% THE SELECTED USES.
ANALYSIS P OTERTIAL USERS) ARALYSIS ALTERNATIVES DEVISE MEANS OF MARKET ENTRY
7
) PERFORM
o APV COST ANALYSS
=y-3) , ;
o) El COBGEPTUAL DEFINE FUNCTIONAL PERFORM RPV SYSTEM DOCUMENT LIKELY
b . DESIGN ANDTECH- REQUIREMENTS IN THE SELECTED PRELIMINARY DESIGS TRADEOFFS CANDIDATE VEHICLE AND
) ; . NOLOGY ASSESSMENT LSES AND FIAST-ORDER OPTIMIZATIONS SYSTEM PRELIMINARY DESESYS
= '
'g‘ a3 . ASSESS THE SOTA
af'.‘- I8 APV TECHNOLOGIES
N e e e  ———— —— E————— s £ e e e o ] __..___._...._._.._3_.._—_._—
ASSESS THE EFFECTS —
OF SAFETY REQLIREMENTS AND : -
ENVIRONMENTAL ENVIRONMENTAL COWGERNS. ] DENTIFY AND NOTE LEGAL
AND SAFETY STUDIES MCORPORATE SAFETY PROVISIONS | AND wEQULATORY FHPLICATIONS
. AND ENVIRONMENTAL CONSIDERATIONS o
DEFTSITION OF IDENTIFY CRITICAL RESEARCH
CRITICAL RESEARCH AREAS AND RECOMMEND DEVELOPMENT
AREAS AND TEST ACTIVTIES
FIGURE 1

Study Flow Diagram
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Forty-five Iace-to-fuce lnterviews weve conducted with pobentitl user
agencies and organizations and another 19 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 orpanization. Principal attention was
piven to federal (non-DoD), state, snd local government arencies, but a4 con-
siderable sample of industrial users were also included. Most interviews of
petential uwsers were productive in developing information on cperaticons arnd &2
mission requirements and on present methods and costs. However, we Lound
that individual users seldom have the data needed te asses market size, For
those data, it was necessary to turn to government apencies and irdustry

assovciations that collect nabionwide statistics.

The list of 3% potential users thel were defined in this survey is CET- g
tainly not exhaustive., However, it does include many of the eivil uses of
RPVs that come readily to mind, and i% appears to be representative enoush to
gee if the polential demand justifies R&D of REV technology for civil usesx.

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

less intensive contacts, resulted in 35 specific potential civil uses bheing

defined for RPYs. With one or two execeptions, there were found to fall into o
&)

natural groupings of missions that place similar performance demands on an

RBV system, Table 1 shows the 35 usesgp listed in their natural'groupings.

Selection of representativé uses. - TFrom the list of thirty-

five, nine were selected for further, more detéiied,study. The basis for
| selection included early judpemenis about potential demand, likelihood of
early application, and the quality of data availlable for analysis. Thg_uses . ;
were also selected to represent a spectrun of RPV system requirements - siaé, '
gspeed, endurance, altiziif, complexity, payload weipght, etc. The nine uses
selected are: S o o '

o Small-area surveillance

1. security of high-value property
| .2. wildfire_mapping .
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o Small-area surveillance

. TARIE

1.

Security of high-+ilue property
Surface-mine patrol _
0il-spill clean-up direcﬁion
Wildfire mapping

Ice-floe scouting

Spray block marking and tracking

Ground truth verification

o Ierge-area surveillance

Search (and rescue)
Wildfire detection
wishing law enforcemegt
0il-spill detection

Jce mapping

Fish spooting
Law.tnforcement

Surface resource survey

'f_o Linear patrol -

Pipeline
Highway

" Berder

Power line
Waterway and shoreline polluticn

detection

Aerial spraying

- Agriculture

- Wilderness

- Wildfire fighting

Monitoring ground sensors

- Detecting activities

- Monitoring cathodic protection of pipelineé
& Emergency rescue beacouns

Aircraft research

. Aerodynamic texting (e.g., transition)

- Remote measurements

Air-to-Air surveiilance

Security of nuclear materials in transit
Cemmunications relay

-~ Ad hoc

-~ Permanend

Atmospheric sfampling

- BStorm research

- HMeueorology

-~ Mapping pollutants

PCTENTIAL USES DEFIKED

ana—
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0 Iarge-area surveillance
3, wildfire #z2tvection
4., fishing-law enforcemrent

o Iinear patrol

5. highway prical
6. pipelins patro.

o Aerisl spaying
T. agricultural spray.ug and er.y dusting
o Atmospheric sampling
8. sform reseafch
9. meteorology

Security of high®value property consists of admial surveillance o Logk

for #heft, fire, or diher emergencies in progress in a small ares such as a
railroad yard, -warehouse district, or industrial complex. Wildfire mapping

consists of flying over a yildfire durinpg firefishting operations and furnishing
intormation aboub hot spots and the dynamics of its perimetev so that suppression
crews and equipment can be deployed efficientl¥. A.rial detection of wildfires

consists of flying over large ureas of forest, brush, or grasslands with infiared

sensors to detect and locate small, latent-gtage fires such as those started
by lightning. Fishing law enforcement by aerial observation

is concerned with de%becting illegal fishing by foreign ships in 5.8, -regulated

waters. Present meth&is Ghay need to be augmented if the present 12-mile limit

is extended to 200 miles.
and'report leaks and péﬁeﬁ%ﬂal hazards &o the pipeline such as agricultural
Highways are patrolled from the ailr to locate

Gas and oil pipelines are patrolled to detect

or construction work neadby.
accidents, motorists in 4rouble, wanted vehicles, and unsafe road conditions.
Agriculturai spraylng is done for the ecntrol of pests and disease. Exten51Ve
research and serial monﬁ%orlng of severe storms are cgnductqugy

the U.S, National Weather Service to analyze storm formation and provide fore-

casts of storm actiwvity. Although orm research is certainly "me:eorology’,

the mission considered here undé%;%hat name is the more mundane gathering of

data such aéﬁsome of that presant;y gathered by weather balloons

J
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‘ Conceptual System Designs

The conceptual designs of RPV systems to sptisfy eight qf the nine

selected uses are based on the functional and performance vegnirements, Wo

satisfactory RPV concept was discovered for the ninth use.

‘& Tn the course of the RPV system tradeoffs leading to the conneptu&l
system designs, a continuing proress of technulogy assessment has been con- -
ducted, drawing on IM3C's regular dealings with developers and suppliers of
RPV equipment and components and on the in-house developments at IMSC. The
weigfits, volwnes, and performance capabilities shown in the conceptual

designs—and the costs used in the cost-benefit comparisons—reflect that

on-going assessment.
Air venhicle designirationale. - Fcr each mission, an RPV<<or two, if a

E

relay is necessary-—is des;gned to satisfy the functional and performance
requirements, The required mission payload equipment
was first define! 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
compr.sed the payload that the air vehicle had tp be designed to carry. The
range speed, altitude, and other requirements were then used to size the RPVs,
The aerodynamic drag estimates used for performance caleulations reflect

%he 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 de51pu rationale - The starting point for the

design of each data and control link is the range over which it must operiéf,
The second determinant is The date

as determined by the geometry of each mission. :
rate (in Hertz) and data quality (in signal-to-noise ratio (SNR)) to be pro-

vided, as determined by'ﬁme information Lo be transmitted in each direction.
This, too, is determined by &he mission. Beginning with these requirements
and a chosen ffequency, & link analysis provides transmitier powers, antappa
gains, Teceiver noise figures, and bandwidths for proper 0peration. The s?ze,

e i ke s e e E

yeifht, cost, and elecfricalepover ®equirements of equipment with these char-
acteriglics are then estimated and used in the conceptual system des.gns and

the system costing.

b
e S A B g Lo



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

ment performance were not performed for bhe gruund station to the same extent

as for the RPVs anl the data-link equipment, despite the larpe contribution

of the ground station to the system cost. The reason is that the primary

technical challenges and unknowns were felt to lie in the RFV and the data

link. The functions to be performed end the features to be provided by the

ground stabtion in each mission were determined, ani the cost of equipment to ' -
satisfy the needs was estimated by analsgy with egquipment used in existing
RPV ground stations., The costs of racks, cabling, cabinets, control panels, | £
dials, general displays, and miscellanrous ground support equipment were all

included, but the specifics of the designs were not analyzed.

System Conceptual Design Raticnale., - 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 concept.
o  Concept of Operetions
o Mission Payload
o Alr Vehicle
o Gyound Statioﬁ .
«  Ground Control
- .Iaunch and Recovery
~  Checkout -
- Service, Support, and Mal: -nance
Data and Control Link
Navigation Scheme

SBafety Provisions

o O o 0O

Praining and Procedures

A considerable amount of thought was given to trying to come up with
equ{pmént designs for the various uées with as much commonality as possible.
It 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.
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Figure 2 illustrates the RPV configurations that were used in the study.
They are sized for each use, and their performance capabilities mabteh the re-
guirements that were derived. Tables 2 and 3 summarize the performance and
dimension date that apply to the RPVs in each of the eight uses for which
No system was devised that couwld compete satisfactorily
Teble b ~ives a brief

description of the main features of the ground stations that were devised.

gystems were devised.

with weather balloons in the metecrology mission.

Cost comparisons and potential markegt - Tokal sysiem costs are estimated
for the RPV systems, as well as for the non~RPV:é1ternatives, in each selected
use. The costs are converted to an annualized basis by amortizing the invest-
ment costs and adding them to the annual fixed operating costs (insurance,
hangar, personnel, and training) and the annual direct operating costs (fuel,
oil, periodic inspection, and meintenance). The annualized costs for RPV
systems and non-F / . juernatives are compared in Table 5, which also shows the
estimated potervial market demand for RPV systems in those uses for which RFV
systeins show a cost advantage. The ranges of potential demand come from two
separate market analyses, one considered conservative and one optimistic.

TABLE 5 Cost Comparisons and Pntential Demand

ANNUALIZED COST (5K)

ROV POTENTIAL DEMAND
5 G} :
.y ALTERN. COMPAR|SON {35) FOR RPV SYSTEMS

SECURITY OF HIGH- ’
VALUE PROPERTY 126 172 -25 1,050 TO 7,500
WILDFIRE MAPPING &9 4B SAME a0
WILGFIRE DETECTIOMN &7 98 . -30 50 TO 480
FISHING-LAW - " Tz
ENFORCEMENT 4 - e 0
HIGHWAY PATROL - 120 1B4 ~35 200 TO 1,500
PIPELINE PATROL &4 28 +130 0
AGRICULTURE {$0.25/ACRE} | (50.47/ACRE) -25 400 TO 800
STORM RESEARCH ' 1 . 57 ., ~80 20 TO 40
SIMILAR USES - - - 280 TO 300

TOTAL - 2,000 70 11,000
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SPECIAL-PURPOSE MISSION RPVs

RPY WARIANT OF BUTAN VARIEZE

[T R
L] “‘ ] L} ]
FEEY
===

* WILDFIRE DETECTION

* AGRICULTURE

TYPICAL MISSION RPVs

RELAY RPVs

A
— ":;”- 3
P
e S ———— e

o SECURITY OF HIGH-VALUE
PROPERTY
* WILDFIRE MAPPING

FIGURE 2

= lz- - S '
FISHING -LAW ENFORCEMENT ;
HIGHWAY PATROL
PiPELINT PATROL
SEVIRE-STORM RESEARCH

BPY VARIAMT OF SUTAN VANETE

* WILT - /RE DETECTION

RPV CONFIGURATIONS USED

; 1

< i

| . O |

17 7T
V&
o HIGHWAY PATROL
o PIPELINE PATROL




TABLE . 2

)

SUMMARY OF HELICOPTER RPVs

CRUISE PERFORMANCE DESCRIPTICN
PAYLOAD {ENDUR. | SPEED f&f:ﬁg Rg{g“ LO%'DSICNG WEIGHT | POWER
{Hkd : " {BHP)
(18) (o) - JeEendkier) () | (Fr) () KpsEXraAL fLB) (ke)
\S!JE‘ESEIJE;{O%ES'I!SH- [2 10 1.3 Js0 65 } 10 3.0 3.0 b1{ra7 5. 165\ 75 ¥
WILDFIRE MAPPING 22 10 2.0 70 112 116 b9 l3.k hi)idg s5.Bl6B 78 18

*18 BHP WITHOUT MUFFLER

TABLE 3

A

SUMMARY OF FIXED-WING RPVs

e Sonsonsn 2y S T T I AL A SN

CRUISE PERFORMANCE DESCRIPTION
" -| PAYLOAD | ENDUR. | SPEED ! GEILING | LENGTH | SPAN | WEIGHT | POWER
(HR) (B1P)
MISSION RPYs (LB} (Ka) (P} CPHIKET) (R4)1(FT)  (M)i(FT)(M)KIB) (Kg)
¢ FIRE DETECTION. 38 17.3| 9.2 P00 320iz5 7.6 |1k.3 L .Lp2.3 681980 b5 100
o I LA 2 14.5( 5.5 |80130[16.55.0 | ¢ 752.4 90 27{1ve 66| 11
* HIGHWAY PATROL | 17 9.1 85 90 145 9 2.7 | 7.75 2.4} 9.0 27165 \ 75 10
¢ PIPELINE PATROL 10 k.53 6.5 -80 130]15 b.6 ['7.75 2.7 9.0 27)129 . s9} 10
* AGRICULTURE 69 31.4] 2.2 80 130(— — 19,3 2.616.7 51250 114 25"
® STORM RESEARCH |19 8.6 2.0 [902h5(17.5 3.3 | 7.75 2.4/ 9.0 27|12k 52/ 10
RELAY RPVs - ' N
o FIRE DETECTION 88  ho.o| 9.0 {50 2holas 7.6 |14.3 L.hb2.3 68 9Bo uhs| loo
¢ HIGHWAY PATROL _1{3_— 19.5¢ 8.5 90 145016 b.9 | 8.7 _2_.7¢1.B_3_6 230 105 17
® PIPELINE PATROL - | 43 '19.5f 6.5 |80 1mo[a7 s5.2| B.7 2.71LE 361215 98] 17
11
GE 18
ORIGTNAL PA

OF, POOR QUALITY
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GROWID STATION 1. SECURITY OF 2, VILDFIRE 3. WILDFIRE Ls PISHING-LAW 5, HIGHWAY 6. PIFELINE 7. AGRICULTURAL da SE\'EEE-_STOHH
- HIGHI-YALUE HAPPING DETECTICH EHP?R.CE.‘-ENE FATROL PATRCL SPRAYIRG RESTARLS
FEATWRE "
FROPZRTY 1
RPVs Cantrolled 1 1 - 2 1 2 2 1 1
Oparncoris) . 1 1 2 1 1 1 1 2
Antenca Atetrack Autetrack Autotruck Autotrack Autotrack Autotrack Aatotrack Aulatrack
TRho~Thata) {Rho-Theta) (£no-Theta) \Roo-Theta)
TV Honitor " Yae Yon Yas Yo Yas Ya3 Tes T
Vidan Facordor tio Ho Ha Ho Yan Yan Ho Yas
Talegelry Pacordar e _— ' —_ Yon -— _ —_ Ten
IR Processor —_ Yan Yoe —_ Jp— — — R —_—
Eafdyr Duta Procgssor _ — -— - Yon —_ et — * —
Huvigaticn Cocputationa Tan Yea . Yo LEY o Ho Yon Tas
I-Y Plottar{s) 1 1 2 1 1 1 3 1
Cozzunicaticns Tolsphans Fiold telsphses | ATC, througk ATC, through ATC, through | ATC, through | Nons ATC, woather
data link dnta 1llnk data lick deta Iink : rodar station
Shaltar Exiating Shares *ent o Exioting Exiating Existing " Exiating ‘Hons Van
hutlding tratler tutlding bailding butlding building
Pricavy Fowsr . ECormorsial Gonarator {oczorelal Coxmorgiel Cocmercial Corcoreial Gensrator Ge:}onmr
frargancy Povar fatterine Dattsrian Guepayator ,Genarator Lensrator Gonarator Batlorion Datturisn
Portaniiity o Tk or "No Yo " Ko h 1Y Truck or . Van and RPV
- traller trmilesr tmsilor
{

Table 4, Grourd Control Station Elements
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The total estimate of demand includes, in the last entry in Table 5, &n
estimate for uses which were not examined in detail but which are similar in
performance reguirements and operating situation to those that were examirad.
Note from Table 5 that a typical cost advantage for RPVs is 25-35%, in
the uses that show an advantage, and that the total demand is estimated to be
about 2000-11 000 systems.
| Envirommental and safeby studies., - For all practical purposes, there are

only two areas of environmental concern that apply to RPVs in civil uses.
Those are engine emissions that pollute the air and aireraft noise. Although
there are no known environmental regulations that refer to RPVs speecifically,
it seems iikely that RPVs will have to meet the same environmenbtal criteria
thet other aircraft do. Regulatory requirements are examined in both areas,
and both are found to present no problems beyond straightforward prudent
design.

Wiﬁh regard to safety, thére are three areas of concern for RPVs:
Positive control, unexpected descent, and colligion avoidance. DPositive
control is amenable to standard design approaches of redundancy, protection
of the command link from electromagnetic interference, and provisions for re-
establishing a link that is temporarily interrupted. Unplanned descent as a
result of a failure requires control of the landing point into the least
populated available area, slowing the descent to minimize impact damage 4o
ground objects, and meking the final descent path steep to minimize the area
of potential damege on the ground. Several design approaches are exuloreld,
involving weight penalties from 6~10% for a parachute to 11-1h% for stowed-
rotor systems or "pitched" wings. Autorotation of helicopter RPVs can be
provided, with no weight penalty. '

Collision avoidance remains the key technical challenge in the safety
area, with the see-and-be-seen philosophy of flight operations in the civil
air space. Featwres for collision avoidance fall into the categories of RPV
‘visibility, precise knowledge of RPV location, air traffic control (ATC),-am
operation in assigned air space. ILishts, paint, ete., can make the RFV as
~ visible as a manned aircraft; the challenge is to make the RPV "see" other

aircraft., Precise knowledge of location i three dimensions is an important

13



adjunct to other, procedural means of collislion avoidance such as operating
at assigned altitudes orx in restricted air spece and in avoiding airspace
that is likely to be congested. Fortunately for the cause of safeby, precise
knowledge of position will be provided, in most cases, for routine control of
the RPV and the proper performance of the missjon. In those few uses that de
not require precise navigetion, collision avoidance may require that it be
provided anyway.

The picture with respect to ATC is fairly encouraging for RPVe. The FAA
is pursuing a comprehensive plan for a Nationel Airspace System. It is ex-
pected to evolve through an orderliy series of development and implementation
stens to a point in the early— to mid-1980s, by which time a network of ground
computers and ajrborne transponders and displays will provide separation-
agsurance service to general-aviation airerzi. in uncontrolled airspace. With
the necessary modifications to put the cockbit display on the ground-control
console and provide communications between the RPV operator and the cognizanb
ATC center, RPVs can enter the airspace on the same operabional basis as con-
ventional aircraft, with 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 collisinn between RPVs and other air-
craft is to assign restricted airspace to RFVs and try to keep other alircraft
out. IExcept in liwited and specialized situations, this is not a desirable
approach. Most of the missions for which RPVe appear promising deo not lend
themselves to this ipproach, |

The last item for discussion under cecllision avoidance is the possibiliﬁy
of providing the RPV with means for detecting and locating hon-cooperating
aircraft, i.e., aiveraft without transponders. Two basic possibilities are
active radar and imaging sensors such as TV. No present or planned system has.
been discussed or devised in the course of this stﬁdy that promises acceptable
Cost, but follow-on studies of RPV safety should pursue the possibilities.

AGE
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AREAS OF NEEDED RESFARCH

This section discusses research areas that require federal-agency
sponserghip in order to verify the ﬁtility and safety of RPVs for the civil i
sector, The NASA's aeronautics chartef for RED can be the foundetion 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 kw) power spectrum are adaptations of go-cart, chain-saw, snow-
mobile, and other small englnes designed for different duty cyecles. For
available engines in this range above about 18 hp {13 kw), the power-to-
waight ratio is generally about 1/2 hp/ib (1/6 ku/kg) instead of the one
hp/lb that can be found in some angiﬁes'below 18 hp. Especially among the
sméller erigines, nseéful llves 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 hot interested in spending engineering and devel-
opment money on the RFV market because of the small (for them) quantilies
."involved. :

The Army Aviation Systems Command (AVSCOM), the military organization
most active in development of mini-RFVs, hag announced plans to request_pro;
posals for engine designs in the 20-hp (15 kw) class to be fabricated from
modified commeyxcial cOmponenté. This should lead in the direction of smolu-
tions to a large share of the propulsion probiems.

What is needed is more durable engines in the lower part of the pover
spectruom and lighter engines in the middle and upper part. A goal for mean
time betwgén overhauls (MTBO) should be substantislly higher than the twenty

15




- hours that is typical today, but need not equal the 1000-1500-hour MIBO char-
acteristic of light maznned sircraft. 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 Yeast verny reliable) ignition
systems, rollable carburetion, propsller and duct combinations, in-flight
restart capability, and efficient, small electric pover genefation.driven
off the main engine.

Aerodynamics

The 8esfgn 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 this study operate in the regime of
Reynolds Number 200,000 to 1,000,000, Iift and drag, as well as other aero-
dynamic characteristics, of RFVs operating in this regime have been found to
depart significantly from predictions based on extrépolations downward from
published data. Similarly, there is little published data on the perform-
ance and installed efficiency of small propellers, up to 30 in. (80 cm) in
diemeter, and of sﬁall shrouded propellers. There is 4 need for a compila-
tion of basic wind-tunnel data on suitable airfolls, shapes, prcpeilers,'
shrouds, ete., in the low Reynolds Number regimes corresponding to mini-RBV
design practice. - '

- There is alsc a néed for high-1lift designs, with sultable s=tability and
control, to faclilitate recovery at the lowest practical speeds withouwt gding
to the ekotic STOL featurss that might 2 affordable on larger &ifcraft.

-

Takeoff and Ianding

Although some of the RPV sjstems gxamined 1in this study ave assumed ﬁo'
operate from existing airfields, it is likely that safety and operational
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gonsiderations will require most civil RFVg to opefiite from separate
fadilities. V/STOL capability or reliable, inexpensive takeoff and landing
techniques are needed that will allow foutine operations from modeat faeill-
ties or from unimproved open areas. The military RFV programs recognize

thiB important need, and the Directorate of Defense Research anhd Engineering
{DER&E) plans to spend 30% (about $14M) of its requested FY 1977 technology-
base RPV funds on improving launch and recolfery techniques, according to Mr,
Thomas Nyman of DDR&E speuxing at the National Association for RPVs symposiuﬁ
4n Dayton, Ohio, in May 1976. _ _

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

For landing,. reliable and inexpensive V/STOL stability and control and
novel methods such as a stowed robtor, & halloon-supported vertical line %o
the gnagged, powered Magnus Effect wings, and others need to be examinedy
There are numerous possibilities, many of wihilch will be explored by ths mil-
itary technology programs, However, it should be noted that the military
may reject some means thet would be adequate for ciwll uses because military
criteria are different, e.g., alr mobility, wapid relocation, concealmant.

Avitcmatic landing systems to gulde and control the approach path are
also desirable.

Bafety Features

Collision avoidance. - Collision avoidance is the kéj safety issue in
the civil use of RPVs. The operational interactions with air traffic control
centers, the on-board equipment to operate in contrelled airgpace, the feasi-
bi¥ity of on-board sensors to detect and locate non=cooperating othei aircraft
(1.e., without depending on their transponders), all should be the subaects
of detalled study and reaearch. An ekample would be R&D for an RFV



radar whieh_couiﬁ detect non-cooperating aircraft within 5 km and send the
bedaring and range raw data to the ground station for diagnosis,
Unplanned descent. - Safety research is also needed to gpvelop suitable - :
software and hardware for gulding the RPV to a preselected landing zone of
minimum population density in case of a lost link or an engine failure, and
for slowing the descent to minimize the chance of damage to objects on the
ground, The required procedurss and guidance equipment should be examined,

‘and so should the various emergency systems such as parachutes, stowed rotoré,
pitehed wings, Magnus Effect wings, and controlled autorotation of helicopter
RFVs. o

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

The tradeoffs associated with pultiple engines for reliablgiiy should
also be examined.

Navigation and Positive Coentrol

There are several fruiltful areas for research and development in thes .
navigation and data-link areas. One is the adaptation of RPV systems to an
interaction with existing navigation aids. Low-cost Omegas navigation for
RFVs is being developed, but its accurécy is variable with time of day and
other conditions. What is neadéd is equipment and software small enoungh and
‘Ilght enough for RPVs but which willl allow an automated determination of
location and flight path, in the manner of R-NAV systems for manned alrcraft.
Another ﬁossibility, perhaps farther in the future, is the integratioﬁ'of |
RPV navigation into the Global Positioning System of: satellites at a remson—
able Size, welght, and cost, Developments in this directica should be
actlvely monitored while othery nearer prospects are pursued.

In the command-link area, low-cost airborne tracking antennas and tech—
niques for low-cost cont@ol of multiple RPVs ars neefled. Mllltary programs

" are pursuing control of multipls RPVa, but tggir.data links also include
extensive anti-jam feakifPes ethat are costly andsunnscessary in civil uses.
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All Subsystems

A conscious and concerted research and development effort is needed
across the board in RPV subsystems to develep flight-quality equipment at
the low end of the performesnce spectrum, i.e., in low-horsepower angines,
small actuators and mechanisms, lightweight structures, air data sensors,
attitude and rate sensors, etec. In order for the RPV commuynity to move out .
of the model-airplane era and into the operational world, eguipment compar-
able to comercial aviation guality is reguired in many subsystems that have .
been below the performance threshold of aviation, up until now.

light quality" in & civil RPV means, among other things, that FAA
standards for certification will have to be met. Although thoss standsrds
have ngt been set for RPVs, the early indications are that such features as
dual igrition systems on RPV engines will be required for safety. Military -
RPV progfams do not noy envision such developments, so they must be spon-
sored elsewhere. | o

One concern that falls into the bothersome category is the absence of
a coherent body of design principles and eriteria for RPV systems comparable
to those that have been built u? 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. Roubtine questions,
such as the efficiert sensing and adjustment of trim, call for the EPV de-
signer to re-think the standard solutions. '

' The NASA could provide & major service to the community, albeit not a

glamorous c6he, by collecting, organizing, and publishing the lessons learned
in-the various RFV design programs goihg on in the q?untry.-”
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CORCLUSTIONS AND RECOMMENDATIONS

This section congentrates largely on general connlusions drawn from the
results of the study. Recommendations are vonfined to suggesting the re-
search/gnd development objectives that are most important for providing RFV
Systems for civil uses and to recommending the focus of continuing studies.

Many enore pages oB detailed observations could be brought together here,
but for the sake of brevity they are left to the reader qr to the appropriate

'section of the report €?om which they emerge.

Market

Pntential demand. S & Phe potential is estimated to be 2,000 to 11,000 RFV
qystems in nses for whjigh RPV systems show a cost advantage over alternatives.

This appears to justify continued exploration of the technology and opera-
tional issues of RﬁVs in eivil uses,
' Most-promising, uses:, ~ The yses for which the potential demand is

greatest are also among the most promising uses from a cost viewpoint, i.e.,
security of high-value propertys highway patrol, and agricultural spraying

-and crop dusting. They are chagiicterized by operating areas small enough to

‘@liow control from a singls ground station per system and by competlng against
alteriatives that have high personnel costs. quQ
' Severe-storm research is also a promising usa,*but represents a small .

potential demand.
Least-promlsing uses. - The least-promising af the uses examined are

fishing-law enforcement and plpeline patiol, unless RFVwsystem concepts can
be devised that are greatly different and much less exyensive'than'the ones
studied. Both uses gémuire operafiohs ove? distances great enough %o caf@

_‘férggulﬁipleégrougﬁ,aﬁations_and/or multiple complete sysems %o,§p=£ﬁm samd

job thrt a nirgle, self-tgatsired mamna@ afrcrait cowid du.



Tec ologv transfer and market entry. - Most potential users will have

6 be shown by analyses, demohstrations, and govermment acteptance that RPVs
will benefit their operations, before they will buy them. Funding of RPV
research and development will depend on the federal government until one or
more RPV systems is demonstrated and aceepted in ecivil uses.

The participants in the procesa of developlng, manufacturing, distribut-
ing, aervicing, regulating, insuring, and operating RPV systems in civil uses
are much more numerous and varied than in DoD or NASA procurements. Their
- interactlions are examlned in this study, but further conclusions and recom-
mendations should await a detailed investigatlon. |

Likely timing, - The next logical step toward introducing RPVs into the
“eivil sector is a detailed operations analysis of a'eelected‘aae; leading to
specific planning for a demonstration program by a federal non-DoD agency by
1980, . Such & demonstration would use hardware developed for milltary REV
programa. Gertifioation, production, and use by federal agencies could come
by 1982, assuming a successful demonstration and a perallel R&D program on
theé technologlies and subsystems peculiar to civil uses. Systems,'marketing,1
distribution, finanecing, serviecing, etec., could be developed on a schedule
that would lead to init1a1 use by non-federal government agencles and by pri-_
vate firms by 1984-85.

Costs

' Attainable costs. - The 1ife-cycle costs of RPV'syateﬁa“can be"sighifi;" N

cantly less than those of non-RPV alternatives in a number of uses. Ta those
uses with the greatest potential demand, the saving is typiecally 25-35%, 1.e.,
~ for the uses typified by eecurity of high-value property and hlghway patrol,
“and for agricultural crop dusting,

Major source of savings. - The major saving from RFV systems compared to
Snon~RPV alternatives is in reduced personnel costs. .The only exception.to -
thig statement among the uses for which RPVs are preferred is in the severe-

- storm research mission, which comprises a small part of the potential jemand.
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Development costs. - Development costs are a miner part of the life~
eycle cost of RFV systems. When prorated over, perhaps, 1000 systems and
amortized over seven years, development costs amount te less than ene per-

cent of the annual cost of owning and operating an RFV sysiem.

Legal and Regulatory Consideratiens

Safety of people and property, both in the air and on the ground, are
the primary regulatory concerns. Noise and emission effeets are the next
greatest concerms, Liability and insurability of RPV developers and users
must alse be censidered.

Certification. = The Federal Aviatioen Agency (FAA) will require RFVs to
be eertified for operations in elvil airspace. Certification is offiecial
acknowledgement that an aircraft complies with a set of safety rules regard=
ing airworthiness, design, quality assurance procedures, operations, and
flight procedures. New rules will have to be developed, sinee the present
Federal Aviastion Regulations are built arcund matned aireraft. The devei=
oper will have to bring the FAA inte the develophent process at the begin-
ning and work with the FAA througheut development, typically for the period
of about twe years before first flight.

Operator licensing. - Operators of eivil RPVs will be licensed, just as
pilots arve. The qualifications they must have will be determined by start-
ing with these reguired of the pllet of a menned aireraft in the same use

‘&nd then deleting those not needed because the operater is not in the

aireraft.
Operations. = There are presently no regulations that apply specific-

ally to RPV operatiens. New ones will have to be deéveleped, addressing the

three primaty safety cohcerns of collisien avcidance, nhplanned descent,

and meintaining pesitive control.
Enyironmental impact stetement

probably have to be filed for each new kind of use of RPVs in eivil airspace.

Since RPVs have a minimal effect on the environment, no problems are apparent.

. = An envirenmental impact statement will
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Radio frequency agsignments. - A frequency assignment will have to bg
made by the Federal Communications Commission (FCC) for the data and control

links, 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 nand). T.ae lower tne frequencies, the lower the cost of elec-
tronic equipment.

Liability and insurability. = The legal climate in which KPV systems
operate will strongly influence the availability and cost of insurance. The
legal climate consists of any legal limits to 1li-bility, restrictions on
bringing suit, etec., as well controls on other aircraft, restrictions on
airspace, and rules governing rights of way and air traffic control.

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

Environment and Safety

Environmental acceptability. - There are only two <was of practical

concern that apply to RKPVs in civil uses: engihe emissions and aireraft
noise. Neither presents any special problems peculiar to RPVs, and no indi-
¢ has been discovered that RPVs will cause an adverse environmental
impact compared to alternatives.

Safety. -~ The areas of concern about FPV safety are collision avoidance,
unplanned descent, and maintaining positive control. Collision avoidance in
uncontrolled airspace is the most troublesome, since the problem of making
an RPV "gee" another aircraf* has not yet been solved at an acceptable cost.
In contrclled airspace, an RP', with the appropriate transponder and communi-
cations with the responsible air traffic control center, is as safe as a
manned aircraft. The problems of minimizing danger to people and property
on the ground from unplanned descent and of maint@aining positive control are
tractable through straightforward engineering. I."ﬁch of that engineeri g re-
mains to be done.
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A point often overlooked 1s 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 in?.res someone on the ground.,

Needed Research

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

Recommended Next Steps

It is recommended that the following steps be undertaken by the NASA as
a logical sequence for advancing the technology of RFVs for the civil sector.
o Pursue those areas of R&D identified above as not well covered by
militaxry RPV development programs, using a combination of in-house
ragsearch and technology contracts to indastry.
Begin detailed R&D of safety alternatives for both collislon avoid-
ance and unplanned descent. Start with a thorough analysis to

o

evaluate the available alternatives and lead to a selection of the
most promising approach in each area (collision avoidance and un-
planned descent) for a technology demonstration.

o At the same time &g the technology R&D is proceeding, begin the
exploratory planning for an operational demonstration. This will
require stimuiating 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 ard proposal for the

demonstration.
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