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CHAPTER 1

GOALS

1 Background

The 1979 Program in Systems Eng ineering Desi gn convened at Langley Research
Center (LaRC) from June 4, 1979 to August 17 . 1979. Co-sponsored by the
National Aeronautics and Space Administration (NASA ) and the Americ an Societ~for Engineering Education (ASEE), this research endeavor was administered by
the Old Dominion University (ODU) Research Foundation and enabled 22 part i5 i-
pants, known as Design Fellows , to:

1. Contribute in a creative substantive m anner to the selected reseam ’~hproject;
2 .  Increase competence and professional knowledge ;
3. Develop systems desi gn concepts which can provide foundations fc~r

organizing and conducting mu ltidiscip linary programus and courses .
thereby enriching their colleges and universities;

4. Establish and improve communication and collaboration between
eng ineering and other discipli nes; and ,

5. Provide stimu li to current NASA investigati ons.

• Since 19 colleges and universities and 14 academic disciplines were represented ,
the opportunity for successful accomplishment of these goals was available in
the research env i ronment.

• 1.2 Modi Operandi

Recognizing the divers i ty of possible viewpoints to any research topic
• from the many discipl i nes and education al institutions and the variety of

knowledge bases for the selected topic, the principa l investi gator and coordina-
tors from NASA and ODU utilized several different methodologies to achieve the
above goals. Successful coordination and cooperation among all organizational
personnel , appropriate NASA functional areas and personnel , and selected
representatives of industry , government , and society , as well as the fel l ows ,
were required.

Concurrent with an introduction to systems and the specific research topic,
the 22 participants were divided into four groups . Each group was assi gned a
chairperson and each had representatives from the different disciplines ,
insofar as this was possible. These initial groups had a lifetime of approxi-
rnately three weeks and were desi gned to give fellows an introduction to and
assi:iiil ation of the involved technologies. Each group developed and presented
a plan by which the research project could be accomplished and the report
written .

3
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New committees were then formed in accordance with the consensus-derived
plan to recognize and investigate appropriate problem areas. Each Fellow wa
assi gned to a minimum of four committees and was chairperson of at least one.
Typically, the partici pan ts were assigned additional responsibilities such as
initiating and coordinating visits and speakers , writing reports , and acting
as editors. The interdisci plinary experience was nost impressive during these
activities.

A seminar and lecture series was conducted to enrich the Fellows ’ technical
competence and amplif y engineering systems design techni ques. Experts were
invited to discuss appropriate technical topics. These experts included
representatives from academia , industry , governmental agencies such as NASA and
the FAA , and organizations reflecting viewpoints of groups which could influence
the design study . The speakers were ava ilable to the group for subsequent con-
sultation and discussion. These seminars and group/individual discussions
enabled the Fellows to assimilate viewpoints and technical knowledge .

- Tours and visits provided opportunities to see appropriate facilities and
determine current technology . Additionally, proposed research efforts were
reviewed and discussed with appropriate personnel .

All applicable NASA facilities were made available. A hi ghlight of the
facility visits was a two day trip to Washington , D.C. The participants re-
ceived an indoctrination to the realities of operating a busy airport ,
Washington National. The other day was spent by the Fel l ows visit ing and inter-
viewing appropriate governmental representatives .

The study coordinators , principa l investigator , and the Desi gn Fellows were
responsible for initiating and coordinating the seminars and visits.

1.3 Design Project

The topic for this 1979 study was The Impact of Avionics Development on
Future Civil Aircraft. The time period of 1995-2000 was emphasized . The
following generalized questions initiated and stimulated the research and
discussions :

How can avionics be used to minimize environmental impact of the air
transportation system?

What will be the role of the pilot in future highly automated aircraft?

In what areas of technological development should the government (NASA)
concentrate its research and development effort?

Will the cost of the application of the new technology be justified by
benefits to the system?
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,~hat are the societal i mpacts of an advanced civil aircraft?

How can avionics be used to make airc raft more fuel efficient?

What role w i ll avionics play in improving flight safety?

Will the application of avionics enhance the U.S. position in the world
aircraft market?

1. 4 Determination of Objectives =

During the suniner , group consensus was sought at the committee and program
levels. The effects of group dynamics and inter -disciplinary interactions were
not lost but rather were emphasize continuous 1~’.

The initial organization of groups lasted approximately three weeks and
was intended to improve the assimilation of applicable technical knowl edge and
to develop an organizational and functional plan for the remaining weeks.
Following this brief three week period , all Desi gn Fellows convened to review

• these proposals. During this discussion , the objectives of avionics were
reviewed , discussed , and argued. Some agreement was reached , but it became
obvious there was no consensus. To provide assistance , a combined
DELPHI/PATTERN exercise was suggested.

1.4.1 DELPHI

• DELPHI is a systematic methodology for obtaining and expressing judgments.
• It consists of respondents ’ opinions on a particular subject provided by a series

of specially desi gned questionnaries. These questionnaires contain summaries of
• data , information , and opinions from previous rounds.

A round is defined as completion and submitta l of a questionnaire by the
respondents. Generally, a sufficient number of rounds are completed to ensure
a convergence of opinion or a consensus occurs . Normally , a DELPHI consists of
four or five rounds.

A coordinating and contro l group is created to aggregate data , summarize
previous responses , and provide editorial services. One committee accomplished
these functions for this three round DELPHI.

Advantages of the DELPHI technique are

1. Anonymi ty - respondents never meet face to face;

2. Limitation of the negative aspects of most group techniques - dominance ,
persuasion by “silver tongued” orators , conflict , little or no input
from people who hesitate to express themselves before groups , etc.;

3. Generation of a consensus; and ,
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4. ~uant~tat~ve responses .

1 . 1.2 PATT [i~N

PA T T E kN , an acronym for Planniuq Assistance Through Technical [valuation Ot
-~e1evance Nu=’=~er~ , is a nor~n~tiv e forecasting technique developed by the Hon~y~well Militar y PrOdUCtS Group. It utilizes a relevance tree , generally involves
n u1 variables , and atte~~ts to provide a ~1uan tit ative comparison of alternatives
by ~eans of relevance no b em -s . This techni que necessitates di :~ggregation of a
complex decision int o its basic parts. Beg inning with the prima ry objective ,
a l l elements are broken Jo~-~n into their constituents.

For this study , avion ics .~as broken down into the major objectives provided
by the group ’s consensus. These major objectives were then further disaggregated
i nt o sub—ob jectives.

Prior to the initial round , the DELPHI control team summarized the yroup ’s
corinents concerning the objectives of avionics. One group sug~ sted the fol-
low ing def i n i t i on of av i on i cs :

the branch of electronics dealing with the development ,
manufac ture , and use of elec tronic devices and equi pment i n
av iation and astronautics. (New .~orld Dictionary , p. 91)

0espite additional research and excellent seminars and speakers , it became
apparent the definition of avionics is at best elusive and is interpreted by
people differently. Viewpoints vary with one ’s employer , ass i gned responsi-
bilities , functional job ass i gnment , and funding. Because of these variab les ,
the above definit ion was accepted and this study ’s av i on i cs functionall y
selected to achieve our objectives. It was also decided that appropriate
ground-based electronic equi pment would be included in the definition. This
meant the summe r research would be an airborne and ground integrated systems
approach.

W ith this definition , the control team distri buted the Round 1 question-
na ire which included the following five major avionics objectives:

1 . Comfortable transportation

2. Economical transportation

3. Efficient transportation

4. Environmentally acceptable transportation

5. Safe transportation

Each of these was disaggregated into sub-objectives. Participants were requested
to review these and add any which they thought appropriate.

6
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After Round 1, the responses were reviewed . Economical transportation was
changed to productive transportation . Two major objectives were added . These
were national emergency transportation and employee benefits.

Severa l sub-objectives were added. Where possible , sub-objectives were
grouped under a major objective. However, the respondents never did reach a
consensus with regard to efficient and productive transportation , so there are
sub-objectives which appear in both major objectives . Comfortable transporta-
tion also contains duplicates.

After the above aggregation and appropriate form design , Round 2 was
distributed. This round was the first to use PATTERN.

Figures 1-1 through 1-8 present the relevance tree upon which this consen-
sus was developed.

During Round 2, each participant was asked to distribute 100 points among
each relevance tree node. This meant distribution of 100 points among the
major objectives with the prima ry objective , according to the individual
respondent , receiving a proportionally hi gher number of points.

Each respondent also distributed 100 points among each subset of sub-
objectives , with the most important being awarded the greatest number. The
local relevance is the points awarded multiplied by .01. The partial relevance
is obtained by multiplying all the local relevances from the major objective

• through the appropriate tree branch to the sub-objective in which one is
interested. The partial relevance provides a decima l number by which all i tems
of the relevance tree can be compa red. All 22 respondents completed Round 2.

The Round 3 questionnaire provided each respondent his individual Round 2
point distribution and relevance for each objective . Al so, a statistical
summary of relevances was provided for each objective. This consisted of the
median relevance and interquarti le range of responses.

The respondents were requested to review these data and decide if a change
in the Round 2 point distrib ution were warranted. Generally, there were
convergences of judgments for most objectives. Table 1-1 provides the ranking
of major objectives. A review of this table indicates the respondents , as a
group, believed the the prima ry objectives of avionics are safe, efficient ,
environmentally acceptable , comfortable , and productive transportation . The

• partial relevances provide indications of the relative importance of each
objective.

Table 1-2 summarizes the top seven sub-objectives. It should be recognized
that of these seven sub-objectives , the major objective , safe transportation ,
includes 1, 4 , and 7; environmentally acceptable transportation includes 3
and 5; efficient transportation includes 2; and productive transportation
incl udes 6.

• The major objectives, comfortable transportation , national emergency
transportation , and personnel benefits , did not have any sub-objectives in the
top seven .

7
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Table 1—1

DELPHI/PATTERN
Major Objectives Rankings

Partial
Relevance

Rank Major Objective (Medians )

1 Safe Transportation .3 • •

2 Efficient Transportation .22

3 Environmentally Acceptabl e .16
Transportation

Comfortable Transportation .i

4

Productive Transportation .i

~~~~ 5 Personnel Benefi ts .025

6 National Emergency Transportation .01

-, 
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Table 1-2

DELPH I/PATTERN
• Top Seven

Sub-Objecti yes

Major
Objective

And
Sub-Objective Partial

Rank Number Sub-Objective Relevance

1 S 1 Decrease Number of Accid ents .21

2 E 3 Improve Fuel Efficiency .04

,~

EV4 Meet or Exceed Noise Pollution .031
Criteri a

3

EV5 Meet or Exceed Air Pollution .031
Criteria

4 S 6 Improve Man-Machine Interface .0233

5 EV7 Provide Ai rcraft and Support Systems , .02
• Terminals , Etc. Which Are More Energy

Efficient

6 P10 Increase Cost Benefits .015

7 S 3 Ensure Security .014
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1.5 Overv iew

This chapter has presented a brief summary of the 1979 Summer Fellow5hip
Program , its objectives , sponsors , and administration . It also introduced the
reader to the selected research topic and modi operandi .

The unique methodology , DELPH i/PATTER N , was utilized to obtain a consensus
• of avionics objectives. These results have been briefly presented . Knowledge

of these objectives and their relationships provided participants wi th a
foundation for evaluating avionics technologies , sub-systems, and systems.

The scenarios developed for this study are discussed in Chapter 2. A main-
• line scenario and an alternate provide the bases for development of a proposed

avionics system. Both scenarios include variables and parameters affecting
avionics and interested parties.

Tec hnologies and selected avionics components , sub-systems , and systems are
described in Chapter 3. The Fellows selected these as being the most important
and critical to the 1995-2000 time period if the above objectives are to be
achieved .

The reader will be introduced to the major electronic technological advance-
ments which make possible significant improvements in avionics. Appropriate
references will be provided if a more complete explanation is desired.

The proposed 1995-2000 avionics system is discussed in Chapter 4. Design
and development of this system was based upon the appropriate scenario and
analyses of 1995-2000 availabl e technology to accomplish the goals of avionics.

Impacts of the proposed system will be presented in Chapter 5. The develop-
ment of the proposed system, its impact , and evaluation constitutes a major
contribution of the 1979 Systems Engineering Design Program.

A summary of the Design Fellows ’ conclusions and recommendations is
provided in Chapter 6.

18 
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CHAPTER 2

SCENARIO S

2.1 Introduction

Presented in the following pages are two scenarios describing possible
aviation environments for the time frame 1995-2000.

The first , or mainline scenario , draws heavily on the FAA aviation fore-
casts-fiscal years 1979-1990. In FAA Aviation Forecasts-Fiscal Years 1979-
2000, a “baseline ” scenario and two alternative “economic ” scenarios are
presented. The latter are labeled “high prosperity ” and “slow growth .” The
desi gn team decided to treat these three scenarios as merely variations upon
one scenario with the “hi gh prosperity ” and “slow growth” scenarios describing
the upper and l ower boundaries of the team ’s “baseline ” scenario. The result-
ant composite scenario , extrapolated to 1995, was labeled the mainline
scenario.

The second , or alternative scenario , describes a set of conditions which
will result in a stabilization of the air transportation system, so that a
condition of “no growth” is postulated in the total air traffic system. This
scenario is based on the assumption that air traffic demand is a function not
only of economic growth but also of a complex mix of societal and technological
conditions.

• Any attempt to assess the impacts of a given technology or technolog ical
system presupposes some knowledge regarding the environment in which the
impacts are to occur. A realistic assessment of the genera l economic and
societal conditions surrounding the technolog ical development is the minimum
standard necessary for determining the impacts of that technology . This is
the case even if the impact study were related to a past or current technologi-
cal development. When working wi th the future , the task is complicated by
the fact that the surrounding conditions are yet to appear (ref 1).

• Consequently, some means must be devised for approximating these conditions
before an impact assessment can be made .

• A variety of tools have been developed to forecast future conditions.
They include extrapolation , trend projection , cross-impact , and analytical
model ing , among others. A problem with these methods is that they lack uni-
formity of results. The design team, therefore, concluded that the best way
of approaching our study of avionics was to provide two scenarios based on

• different methodologies .

• 1 1 ~~I
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2.2 Justification for Scenarios Selected

• The FAA Aviation Forecasting System for 1978 is the most complete and most
detailed forecasting model available which specifically addresses U.S. civil

• aviation growth patterns. It makes use of the Wharton Econometric Forecasting
Associates Economi c Forecasts , data from the U.S. Department of ConEierce, OBERS
Projections of U.S. Economic Activity , the Data Resources Institute Economic
Forecasts , and SRI International Economic Forecasts. The aviation environment
is quite narrowly defined in terms of economic activity in this model; however ,
the rilajor advantage of such a model is that it contains a wealth of detailed ,
precise information. The choice of the FAA model as a mainline scenario
reflects the conviction that such a forecast , with its implicit assumption of
the future as a continuation of the past , should constitute the skeletal
element for planning. However , there is need to guard against catastrophic
failure should this assumption prove unwarranted.

It seemed to the group that a cautious attitude toward the FAA forecast
was justified for the following reason : The tacit and often explicit assump-
tion of the FAA report , throughout , is that aviation activity is a strict
function of disposable income which is a strict function of level of economic

• activity (economic throughput) wh i ch is , in turn , directly dependent upon the
• availability of energy . The picture has two disturbing features which moti-

vated the team to construct a genuine alternative scenario.

Firs t, it i gnores the possibility of technolog ical improvements such as fl
telecommunication links and radical improvements in surface transportation
which might provide alternatives to business -related air travel . Similarly,
it ignores the possibility of technolog ical breakthroughs in the area of
recreation which might have drastic effects upon personal flying.

Second , it i gnores the possibility of second , third , and higher order
effects of both cheap and expensive energy . That is , it i gnores the ramifying
adjustments in the lifeways of indiv iduals and aggregates of individuals as
they respond to changes in their life chances.

Thus , the crux of the matter is that interaction Df available energy with
such factors as alternative technologies , demographic characteristics , chang ing
values , and alterations in the world power structure may so radically alter
the ambiance of American economic life as to negate the entire FAA model . In
constructing the alternative scenario, the Design Fel l ows concluded that many
variables , including even those which are qualitative or subjective , should be
taken into account. It was recognized that populations change not only in
number and economic status but also in characteristics and qualities (ref 2).
For these reasons , it was decided that an alternative scenario would be con-
structed , one which would be more broadly based than an economic forecast.
Underlying this scenario is the recognition that changes which involve a move
away from current trends might ensue. Therefore, the alternative scenario is
based more on the subjective predictions of knowl edgeable persons than on
strictly economic models.
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Our alternative scenario will cover a mix of conditions , both in alterna-
tive technologies and latent functions, which wil l result in no growth in the
air transportation system as it will exist in 1995. Factors wh i ch could bear
on this scenario follow :

1. Urban center development
~~~. Teleconinunication links
3. Prohibitive fuel costs
4. Recreation al facilities
5. Strong correlation between air po llution and health
6. Improved surface population
7. Near zero population growth
8. Total disposable income
9. Distribution of disposable income

10. Relatively high air travel cost
11. World politics
l~ . Non-optima l regulatory decisions

2.3 Mainl ine Scena r io

The mainline scenario is based on IAA forecasts for the years 1979-1QQQ ,
with the necessary extrapolation to the year 1995. The FAA model util i :es
forecasts from Wharton Econometric Forecasting \csoc~ate’., Inc. as economic
assumptions and makes Revenue Passenger Mi les a function of the followinq
variables :

Yield —average revenue per passenger mile on domestic flights
PP -price index of private transportation (l97~’ 100). This index

represents the cost of owning , operating, and ma intaining a
motor vehicle (Source : Bureau of Labor Statistics).

YPD —disposable personal income in constant l97~’ dollars . This
variable is indicative of the real purchasing power avai la bl e

• to be spent on aviation .
• NRUT —unemployment rate as presently computed. This Is the famil i ar

figure issued by the Bureau of Labor Statisti c s.• DUM 69 —a dummy variable. It has a value of zero after l*~.
STR -a duniny variable for strikes.

The overall outlook for the 16-year forecast period is moderate economic
growth, declining unemployment, and slowly declining in fl ation . Over the
forecast period , annual growth for real UNP is predicted to average approxi-
mately 3.3 percent in constant dollars . This rate is less than the historical
average owing to the recent decline in population and productivity qrowth.

• These trends are expected to continue .

Unemployment rates are expected to decline steadily durin g the forecast
period , reaching approxImately 4.0 percent by 1990. The average annual infla-
tion rate anticipated for the forecast period is (‘i ..’ percent.

• 13
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Consumption patterns are expected to shift , with a greater proportion of
disposable income being spent on fuel and fuel efficient durable goods. How-
ever , growth in aviation demand is still expected to exceed GNP growth.

Fuel costs are assumed to rise 6.’ perc ent annual ly throughout the lore -
cast period . In addition , the forecast assume s fuel usaqe will not be
restricted by forces other than price .

In the area of regulatory reform i t  is expected that competit ive market
forces in the air carrier industry will be strengthened by le~ isl,ition ~u ih
that entry and expansion into ex ist i n~ and new markets will he f acilitat e d.
Proposed regulatory reform will also provide carriers with ~reater di scre tion
in fare—setting, encourage air commuter service to small communit jes , and all ow
commuter carriers to operate l arger a i rcraft. I or an ex pansion , plea se see t h e• full FAA Aviat ion Forecasts - Fiscal Years l979_ l t ~)O (ref 

~~)

A sumary of the rain line forecast to 1995 is presented in lable 1-1

The predictive accuracy of this model declines as f o r e c a s t  s m ove fur ther
into the future . Planning must antic ipate va riat ions from the ma ini m e , since
there is really a range of condi  t i on s  t h a t  can be anti ci pated. Each encompasses
a sli ghtly different set of assumptions about the future . Therefore , thi s
mainline scenario will have high and low limits which will reflect highe r and

• l ower levels of economic act iv i ty . That is , the economy is assumed to experi-
ence either faster or slower growth relative to that of the base line.

L 

The l imits around the mainline are shown i n  Tables ~‘— 1 and ‘-3.

The general conditions for the high limit are the fol lowing: •~~ ser ies of
• energy conservation measures assure an ample supply of fuel. The ~~~ hec ome~less dependent on imported oil; the world price of petro l eum drops; and the

U.S. balance of payments comes into equilibrium . GNP grows at an avera ie
annual rate of 4.6 percent in constant 1972 dollars . The unemployment rafr

• drops to 4 percent. Inflation rises at an average of 4.1 percent because of
relatively stable energy costs . Disposable income rapidl y rises and consump-
tion grows by about 4.35 percent. Fuel prices rise in proportion to the ‘~enera l
inflation rate. Regul ation leads to an increase in air carrier operation s ,

• improved service , more rapid introduction of new aircraft , retirement of
existing aircraft, and a slower rise in the price of air far es . Demand for a l l
modes of transportation increases as a result of expansive growth in business
activity , leisure time , and income . Fuel efficiency improves signfi cantly and
aircraft noise l evels are reduced as a result of accelerated fleet turnover.
The expansive growth of income , leisure time , and business activity results in

• a boom for General Aviation (GA). A pilot ’s license and access to an air p lane
become a commonly pursued status symbol. Total private and comm erciall y
licensed pilots increase to more than a million by 1 990. Over half a million
pilots receive instrument ratings. Advanced avionics make navigation and
conviunication equipment much li ghter , less expensive , and simpler to operate.
An expansion In international trade and disposable personal income results i n
a boom for international avia tion .

14
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Table 2—1
Aviation Activit y Forecasts

1979 1995 Growth
Estimate Forecast (Percent)

Aviation Activity Forecast
Air Carriers

Revenue Passenger
Enplanements(Mi llions) 317.7 645.2 103.1

Revenue Passenger Miles
(Billions) 256.1 553.0 115.9

Genera l Aviation
Fleet (Thousands) 193.0 354.0 83.4
Hours Flown (Millions) 39.0 75.5 93.6

Con~iuter Carriers (M illions)
Revenue Passenger

Enplanements 9.9 25.8 160.6
Revenue Passenger Miles 1226.8 3268.4 166.4

Military
Fleet 18623.0 19799.2 6.3
Hours Flows (Thousands) 5090.0 5354.0 5.2

FAA Workload
Aircraft Operations (Millions)

Air Carrier 10.4 14.2 36.5 • H
Air Taxi & Coninuter 4.3 11.2 160.5
General Aviation 53.4 85.3 59.7
Mi 1 I ta ry 2.5 2.5 

•

Total 70.6 113.2 60.3
• Instrument Operations (Millions )
• Air Carrier 10.7 14.6 ~6.4Air Taxi & Commuter 3.2 8.7 171.9

Genera l Aviation 17.2 49.0 184.9
Nilitary 3.7 3.7
Total Th-:-OT 118.4

IFR Aircraft Handled (Millions)
Air Carriers 14.1 19.0 34.8
Air Taxi & Commuter 2.2 8.5 286.4
General Aviation 8.1 25.1 209.9
Military 4.8 4.8 

_____

• Total ~TT4 96.6

Fli ght Services (Millions)
Pilot Briefs 19.0 37.0 94.7
Fli ght Plans Originated 9.8 20.4 108.2
Aircraft Contacted 10.5 9.8 6.7
Total . 123.a* 81.8

*FAA never explained the procedure for estimating the totals.
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Table 2-2

Annual Average Growth Rates (%)

Slow High
Growth Prosperity
Scenario Baseline Scenario

Scheduled Domestic Passenger Traffic
Revenue Passenger Miles 3.0 4.9 6.0
Revenue Passenger Enplanements 3.5 4.5 6.7

Fleet Size
Air Carrier 1.0 1.8 2.0
General Aviation 3.0 3.9 7.0

Hours Flown
Air Carrier 1.2 1.9 2.8
General Aviation 3.8 4.2 4.7

Tower Operations
Total 1.5 3.0 4.3
Itinerant 1.5 2.4 2.9

Air Carrier 1.4 1.9 2.3
Air Taxi & Commuter 5.3 6.2 6.7
General Aviation 1.9 3.0 3.6
Military ---

Loca l
• Genera l Aviation 1.4 3.0 5.7

Military ---
Instrument Operations

• Total 1.9 4.9 6.2
Air Carrier 1.4 1.9 2.3
Air Taxi & Commuter 5.2 6.5 7.9
General Aviation 5.0 6.8 8.9
Military ---

IFR Aircraft Handled
• Total Handled 3.2 4.1 4.7
• Air Carrier Handled 1.5 1.9 2.2

Air Taxi Handled 8.0 8.9 9.6
General Aviation Handled 6.3 7.3 8.1
Military Handled ---

Total Departures 2.4 3.0 3.5
• Total Overs

Fli ght Services
Total 3.3 3.8 4.2

• Pilot Briefs 3.1 4.3 5.9
Flight Plans Originated 3.8 4.7 5.6

• Aircraft Contacted 0.8 -0.4 -2 .0



Table 2-3
Al ternative Forecasts for FY 1995

Slow High
Growth Prosperity

• Scenar io Baseline Scenario
Scheduled Domestic Passenger Traffic

Revenue Passenger Miles (Billions) 328.2 440.0 519.9
Revenue Passenger

Enplanements (Millions) 396.5 595.1 671.3
Fleet Size

Air Carrier 3037.5 3333.5 3544.1
General Aviation (Thousands) 335.5 354.0 462.2

Hours Flown (M i llio ns)
Air Carrier 7.7 8.8 10.3
Genera l Aviation 7.3 75.5 91.5

• Tower Operations (Millions)
Total 96.4 113.2 143.2
Itinerant 65.0 74.0 81.7

Air Carrier 13.1 14.2 15.1
Air Taxi & Coninuter 9.5 11.2 12.5
General Aviation 41.2 47.4 52.9
Military 1.2 1.2 1.2

Local 31.4 39.2 61.5
General Aviation 30.1 37.9 60.2
Military 1.3 1.3 1.3

Instrument Opera tions (M ill ions)
Total 51.8 76.0 91.6

Air Carrier 13.4 14.6 16.7
Air Taxi & Commuter 7.0 8.7 12.0

• Genera l Aviation 27.7 49.0 60.2
Military 3.7 3.7 3.7

IFR Aircraft Handled (Millions)
Total Handled 50.7 57.4 65.9

Air Carrier Handled 17.9 19.0 20.4
Air Taxi Handled 7.2 8.5 10.4• General Aviation Handled 20.8 25.1 30.3
Military Handled 4.8 4.8 4.8

Total Departure s 19.0 21.6 24.1
Total Overs 12.7 14.2 17.7

Fl ight Services (Millions)• Total 119.4 124.6 131.3
Pilot Briefs 35.4 37.0 39.4

• Fl ight Plans Originated 19.7 20.4 21.1
Aircraft Contacted 9.2 9.8 10.3
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The general conditions for the low limi t are the fol lowing: The U.S.
becomes increasingly dependent on foreign energy and is unable to sustain its
technological lead in the world. The average annual economic growth is 2.4
percent per year during the 1980’s. Unempl oyment remains at rel atively high
levels and is 7.4 percent in 1990. Inflation increases steadily at 7.0 percent
per annum. Rea l growth in consumer spending is 2.3 percent per year. After
5everal airl i ne mergers in the mi d- 1980’s, the air carrier industry concen-
trates on serving the business passenger. Fares increase slowly but steadily,
and service qual ity is reduced. Operating costs for GA increase faster than
the infl ation rate as a result of significant increases in fuel costs and
additional maintenance requirements on an aging fleet. Fewer individua ls can

• afford to own their own aircraft . With l ower growth in demand for commercial
aviation capital for investment will be in short supply and purchases of ne~i
aircraft will be delayed.

Computational procedures used for the entri es of Tables 2- 1, 2-2 , and 2-3
are as follows :

1. Using the #1979 Estimate
#1991 Forecast
#Average Annual Growth Rates (percent) for the peri od
1979- 1991

obtained from FAA and the methods of linear extrapolation and/or
simple proportion ,the entries of Table 2-1 were computed.

2. Using the entries of the various appropriate tables in FAA Aviation
Forecasts-Fiscal Years 1979-1990 and the methods of linear extrapola-
tion and/or simple proportion , the entri es of Table 2-2 were computed.

3. Using the Table 2-1 , Table 2-2, and the various appropriate tables in
FAA Aviation Forecasts-Fiscal Years 1979-1990 and the methods of
linear extrapolation and/or simple proportion , the entri es of Table
2-3 were computed.

2.4 Corroboration of Mainline Scenari o

Recent Bureau of the Census population projections lend some support to
the Wharton forecast. If present migratory trends continue , mid-sized Standard
Metropolitan Statistical Areas (SMSA ’s) located in the south and west will ex-
perience considerable growth during the next fi fteen years while the larger
SMSA ’s in the northeast and north central regions will experi ence comparatively
little growth.

• This trend toward a more balanced population distribution , both by region
and SMSA ’s,should have the effect of increasing demand on the entire air traf-

• fic system. As an illustration of the effects of these anticipated population
shifts on demand , the following gravity model calculation was made taking
account of a five ci ty system (Table 2-4) (ref 4).

First, current demand on the five SMSA system is calculated using current
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• population figures. This calculation is made using three diffe rent denomina-
• tors in the demand forecast equation (0, 0~ , D2). Second , demand is

calculated on the assumption that New York and Los Angeles remain the same in
population while Houston , Atlanta , and Phoenix each increase by 50 percent.
Third , demand is calculated on the assumption that the same number of persons
are added to the system but will be shared out among the SMSA ’s in proportion
to their relative size . It should be pointed out that the actual growth rate
for these three cities is much higher than is used in the calculations . The
results presented in Table 2-4 show a clear difference for the two cases
examined and support the previously mentioned effect.

The gravity model for the cemand for air trave l has the following general
form :

(P~(t) P~( t ))
1. .(t) = K •

13 
~~

where : ct , ~, and ~5 are empirical constants.

T
~~
(t) = traffic between city i and city j  during some time period t, 

• •

• K = constant ,

= population of city i ,

= pop ulation of city j,

~~ 
= the distance between city I and city j

The basic limitations of the model are as follows :

1. It is difficult to define precisely the population of a city or
SIISA

2. The model assumes that the population of a city lives at a node of
the city.

3. City characteristics , such as average income , type of city , etc.,
are excluded from the model .

4. It is assumed that the same factors characterize the demand for
all city points.

It should also be pointed out that a much larger proportion of the popu-
lation will be in the 35—50 age group in 1995 than is currently the case.
Ordinarily, this factor should also act to increase demand if current tastes
prevail in 1995.

29
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Table 2-4

Gravity Model Calculations for Systems Comprising
Hew York , Los Angeles , Atlanta , Houston , and Phoenix

Comparisons of Projected Increase in Demand
Under Two Mi gration Patterns

Percent Increase Percent Increase
Pop. I -+ Pop. II Pop. I --‘ Pop. III

Denominator 1 45.5832% 33.9994~

Denominator 2 53.0llO~. 35.5089%

Denominator 3 39.99l2• 32.2107%

Definitions :

Population I = current populations of the five cities involved .

Population II = projected populations of the five cities involved with
New York and Los Angeles remaining constant and the
popula tions of the other three cities increasing by
fifty percent.

Population III = the same five city system as comprises population I
wi th each city population augmented in proportion to
its size , so that the total projected increas e referred
to in population II is shared out over the entire
system.
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2.5 Al ternative Scenari o

2 .5.1 Introduction

A forecast of specific future scientific or technological development
ought to contain , as an integral pa rt , a consideration of the social , political ,
economic, and cultura l factors impinging on it (ref 5). Unquestionably, no
technological development takes place in a vacuum . A comp lex mixture of
surrounding sociopolitical factors participate in shaping the future . When
examining the possible introduction of an advanced avionics package , it is
there fore necessary that some consideration be given to the qualitative
factors influencing the development of the civil air transportation system
( ref 6) . A thorough evaluation of these factors led the design team to con-
clude that by the year 1995 , air traffic demand might wel l have stabilized at
present levels. For purposes of analysis , the basic assumpt ion is that the
1995 demand wi l l  be the same as that of 1979. Factors leading to this con-
clusion are analyzed in the following sections.

2.5.2 General Condition s

The cost of conventional energy will remain high and no radical altern a-
tives will come on line during the time frame conside red. Thus , energy suppl y
wil l  not keep up with demand. This wil l  result in adju stments of personal
living habits. Strong pressure will come into play leading to greater compac- - 

•

tion of populations in urban areas as well as greater inter-urban compaction .
Low energy alternative s will be sought and exploited. Persons not involved
directly in the national business community will tend toward more local values
and away from cosmopolitan values. This trend may eventuate in changes in laws
and regulations directl y impacting the aircraft industry .

2.5.3 Economic , Social , and Technical Aspects

The throughput of the economy wil l  not exceed a growth rate of 2.5 percent
during this period of time . There wi l l  be a tendency toward substituting
labor intensive production for capital intensive production . This trend will
be supportive of and supported by the local value ori entation mentioned above .
More goods will be produced locally and consumed locally. It is expected that
the unemployment rate will hold steady or decline since local orientation is

• less supportive of a market economy . Thus , with a less active market , the
inflation rate will slow during the 16 year period ahead. The team expects
roughly 4 to 5 percent. Consumer spending patterns should change as a result
of change in the characteristics of those in command of the surplus . Conditions
outlined above should put more spendable income into the hands of the l ower-
middle class at the expense of upper and lower class.

Regulation activities on the part o( local and national governments could
be disruptive both to cargo and to passenger services in the environment of
1995. This will especially be the case if fuel is not only in short supply but
uncertain. There is a strong possibility that by 1995 , teleconinunicatiorswi l l
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answer many of the business needs now requiring rap id long distance transporta-
t Ion . I t the business market is even moderately reduced , the economic impact
on the air passenger market could be severe because the tourist traveler is
att r~Rt ed by low fares made possible by high volume .

~.5.4 Forecast for Av iation Activity

.‘. :- .4 . 1 Air Carrier

Operations will probably be less than current. More direct routes be-
tween major metropolitan areas w i ll be employed with u~ st serv i ce utilized
by upper echelon business persons and tourist el i te.

2.5.4.2 General Aviation

The team assumes that about the same number of planes will be in operation
as is now the case. Perhaps there will be a moderate increase in air taxi
service partially filling the void left by air carriers .

2.5.4.3 Air Cargo

These operations will probably be greater than current. Possibly there
will be some introduction of lighter -than -air craft , made possible by advances
in composites and nietalurgy . A modest increase in air tre ight traffic is
like ly because there will be greater incentive to repair rather than replace
existing machinery in the 1995 time frame. In the rapid suppl y of cri tical
replacement parts , air transport is a must.

2.6 Why the Alternative Scenario?

Energy and Society--an Ecosystem Analogy : The guiding analogy which led
to the formulation of the alternative scenario is that the elaboration of
social i~st tutions is a function of available energy. The genii of the idea
of society as an ecosystem is present in Durkheim ’s conception of organic

• solidarit y ,(ref 7) while Lenski (ref 8) and others have made much of the
rel ationship between level of technol ogy and social system. White ’s (ret 9)

• ex plicit formulation of social complexity as a function of avaflable energy is
more to the point. A recent article of Frankena ’s (ref 10) sets forth some

• of the implications of this point of view in conjunction with the current
and anticipated energy situation .

We begin by posing the question : If the complexity and elaboration of a
social system is a function of energy , what sort of adjustments are likely
if traditional energy is in short supply and what are the consequent i mpacts
on life.;ays and values ?

L _  
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2.6.1 Economics and the Mainline Mode l

The forecasting model discussed in the FAA Aviation Forecasts assunies that
the basic structure of the equations will remain unchanged through 1981.
Althoug h this assumption was reasonable at the time of publication of the
report , it is questionable now tha t large , p resumabl y short-term changes have
occurred in the price of fuel . One could argue that the short term effect of
this w ill reduce the equivalent disposable income of the consumer and also
reduce corporate profits . Since both of these variables enter positively in
the regression equation , i t seems likely that the short-run demand for air
carrier operations will diminish , perhaps significantly.

The lon ger term effect would seem to depend upon the availability and
cost of transportation alternatives , presumably automobile and rail. At the
present time , these incremental costs are nearly the same. However, should
load factors decrease for airplanes and increase for rail , one w o u l d  expect
rail to become much more competitive . This expectation follows from the fact
that marginal fuel consumption is low for trains. On the other hand , if the
cost of other factors-wages , equipment , etc.-increase at a rate similar to
energy pri ces , then the ma rginal costs will maintain their current relation -
shi p.

The inclusion of both corporate profits and disposable income in the FAA
model suggests that the two primary categories of air travel , personal and
business, will react in a fashion similar to economic conditions and may also
be extremely important in predicting future demand. For example , the primary
substitute for business travel may be telecommunications , while that for
personal use may be to stay at home. Thus , the regression model could show
even greater deviations if these substitut ions are realized. The decision
of the consumer to go by air , auto , or rail has already been discussed , but
the business traveler has an entirely different alternative , namely not to
travel , but to do business by telecommunications. The variety of communications
has increased in quality and availability while costs have decreased markedly.

While the business tri p has come to be viewed as ind ispensable by many ,
one suspects that the relative productivity of such tri ps , per dollar , compa red
with the same figure for contact by phone or computer or both will decrease
significantly because of the large increase in fuel price , all of which
suggests the possibility of large scale switches from direct contact to tele-
communications. Technological improvements such as business service satellite
systems promise to make the telecommunications service even more flexible and
inexpensive. Although there are some significant behavioral patterns to be
altere d, it is entirely possible that the economics of the matter have been
altered sufficiently to inspire the change from personal contact to contact by
w i re.

Should these patterns of significantly less recreational and business
travel be realized , naturally the mainline scenario (ref 11) would be
negated. Indeed , it is possible to imagine 15 to 25 percent declines in air
travel leading to a period of either very low profi tability or retrenchment
for the airline industry .
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2.6.2 Alternative Technologies

Given increased cost of fuel and an increased drive toward cost effective-
ness by business , new or exist ing means of accomplishing tasks now done by the
business air traveler might well be utilized to an increasing extent. The FAA
believes that if a genera l slowdown in the economi c activity of the country
occurs , increased use will be made of a potential telecommunications network .
In three of five alternative 1978 scenarios for the year 2000, the FAA also
postulated that increased use would be made of high-speed intercity transits
(re f 12). Additional i mpetus to conversion to alternative forms of technology
would be n-i ven by those employed in the businesses themselves . In recent years
there has been an increasing trend toward spending more time wit~ the family• unit and remainingperiiia~entl yin one locality . If there should develop a
trend toward accomplishing business goals through means other than air trave l ,
it is quite likel y that such a movement will be adopted by the business corn-
munity as a whole. Air trave l will no longer be a status symbol. The above
factors reflect an emphasis on the declining demand by business for the
conrnercial air transport carriers . A l ower degree of impact could be postu-
lated for air traffic on busines s-owned airplane s. Here , however, an
additional factor comes into play : that is , the types of demands made on the
ground support systems for airplane travel. It is generally recognized that
many of the major airports are reaching a saturation point , not only in terms
of landings , but also in terms of ground access. If this trend continues , more
pri vate p lanes will be denied access to major city airports , thereby negating
much of the advantage now derived for the businessman who is trying to save
time . This possibility also holds for the business traveler attempting to
reach the airport .

An additional factor to be conside red and one which primari ly app lies to
the private traveler is America ’s love affair with the automobile. A 1976
survey shows that Ameri cans would rather travel by car , if given the choice.

• When this is taken in conjunction with the datum that less than one-half woul d
be willing to pay higher taxes to improve public transportation , a significant
conclusion emerges ( ref 13). Unless the cost and convenience of air trave l

• surpasses the advantages of the automobile , no significant rise in private
air travel can be expected. Since air traffic is expected to depend on petro-
leum deri ved fuel for at least the next 25 years , any developments toward• alternative fuels used in automobiles could have a significant negative impact
on air traffic demand. That is , liquid hydrogen as a major energy transport
vector should favor the automobile over the airplane. When conjoined with
the above postulate that access to airports will take increasing amounts of
time , many of the mid -distance air traffi c routes could be endangered.

• 2 .6.3 Environmen t

• In a 1965 Gallup survey on domestic policy , only 17 percent of respondents
chose air and water pollution from a list of 10 categories as one of the three
areas to which maxirium attention should be devoted. By 1970 an i dentical sur-
vey showed that 53 percent considered it one of the three top priorities
(r?f 14). A 1974 survey of seven national goals showed that pollution ranked
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number one with 72.3 percent of the respondents ranking it of e\treme
importance (ref 15) . While the air traf fi c sys tem p roduces very litt le o f
the total air pollutio n in the U.S., no significant steps are being taken to
reduce this amount. Other polluters , however , are being forced to take such
steps. Ove r time , therefore , the air transportation system will become a more
visible segmen t of the pollution problem. If this is conjoined with a short
t en  continued expansion of the air transportation system , a negative public
reaction against air travel could set in.

One aspect of this concern can already be demonstrated in terms of studies
regarding airport siting. A study of citi:en participation in airport siting
showed that noise and other human envirome ntal impacts ranked second on a
list of nine criteria to be concerned with in airport siting. Concern for the
natura l environment ranked a close third (ref 1 ) .  A l s o , import .~nt here ore
the concerns of the local ci t izenry . A s tudy of airport noise showed that
the majority of the people living in the vicinity of Los Angeles Inter national
A i rport were bothered by aircraft noise. They also ~xpressed the be liet that
their property values would be l owered and thdt their neighborhoods woul O turn
into environmental ghettos (ref 17). These studies show that an increased
amount of resistance can be expected from the public if either new airp or t :~
or expansion of existing airports is contempl ated. fleme~ raph ic trends
also show more and more of the population is mo vin g to urban areas . ~n t~ eyear 2000, the world for the firs t time will be m ore urban than rura l ~ref 18).

• This means that an ever increasing proportion of the population will be
directly affected by airport pollution problems and can be e\ pected to take an
i ncreas ingly f i rmer stance aga inst i t .

2.6.4 Government Support

• Recentl y,- an even smaller proportion of the national economic resources
have been con,nitted to aerospace researcr and technology in each succeeding
year. This trend reflects a lessening support for research and technology as a
whole. I t demonstrates the belief that the marginal return of f u r t h e r invest-
ments in aerospace activiti es is too small to justif y further large-scale in-
vestments (ref 19). The important issue then is tue extent to which the air
transportation system can expand without further investment. It is questionable
whether much expansion is possible without the introduction of avionics systems
as are discussed later in the report . The team believes that if gove rnment is
unwilling to fund the development costs in this area , it is unlikely that the
airc raft industry wi~ be able or willing to do so alone . This , in turn ,
would mean that increasing demands will be placed on the present transportation
system with consequent negative public outcry .

2.6.5 Public Attitudes

The current public attitude toward technology is aimi bivalent. The public
generall y knows what benefits have been gained from technology , but it is
also wary of possible adverse consequences (ref 20). There also seems to be
an overall trend toward slackening of suppo rt of technology as a whole (ref p 1) .
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Over 70 percent of the publicbelieves that people have become too dependent
on machines ( ref 22), and over one-half the population believes that things
are changing too rap idly (ref 23). One could thus expect that in the future
there w ill exist soiiie resistance to the increased use of avionics in particular.
This, in turn , would mean that the development of the air transportation system
would be limi ted to some extent by public opinion , especially in such instances

• where almost complete automation of the system is foreseen . If , however ,
automation is the only means by which the transportation system could expand ,
some justification for the design team ’s alterna tive scenario would be given .

Public attitu des are also important in relation to the public ’s perce ption
of the impact any ~pecific technology could have on the quality of life . This
becomes an im portant determinant of whether it will or will not support future
technological developments . A study in this reagrd showed that the public ’s
support of STOL and SST aircraft was based on the estimation of benefits to be
deri ved for the public by the innovations. The study showed that the perceived
benefits were faster trave l , saving of space , and airport convenience . Dis-
benefits , on the other hand , were seen to be noise pollution , air pollution ,
danger , overcrowding of the present air system , and arguments that life is too
fast now (ref 24). It can thus be seen that the public is pri marily interested
in the benefits it believes it will derive form a given technol ogical innova-
tion .

These attitudes create a problem for the introduction of advanced avionics
in the env i ronment of 1995 because many of the benefits of advanced avionic
systems are not readily visible. In fact , such benefits as are made possible
by increased efficiency will tend to be masked by rising costs of the air
transportation system as a whole. The disbenefits , on the other hand , will
be much more visible to the public. If the air transportation system experi-
ences a large amount of growth , pollution , overcrowding, and danger mig ht be
the only visible results apparent to the public. Therefore , there might
be some resistan ce to increasing the capacity of the air transportation
system before avionics can have a chance to lessen the impacts of these
disbenefits .

In relation to public attitudes , a cautionary note should be appended.
Attitudes are not constant over time ; they,in fact,are influenced by a. variety
of external factors (ref 25). When determining what the sociopolitical
environment of 1995 might be , one should thus keep in mind that this environ -

• ment is in fact subject to some guidance in the intervening period. Design of
the air transportation system should be based on the perceived needs of 1995 ,
but these perceptions are guided by society ’ s present needs. In the next 16

• years , these needs and their underlying values may well  change. They wi l l
change , however , only on the basis of decisions made in the p resent , the past,
and the immediate future .
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CHAPTER 3

TECHNOLOGIES

3.1 Introduct i on

Chapter 1 addresses the goals and objectives which the avionics system
is intended to achieve , and Chapter 2 describes the social and economic envi-
ronunen-t within which these goals and objectives will be pursued. This chapter
identifies the discrete avionics technologies from which the integrated avionics
system of the 1995-2000 time period will be constructed.

This section of Chapter 3 examines the role of avionics within the
total flight system. Section 3.2 introduces the trends wi thin the digital
electronics revolution which have been a driving force behind the emergence
of the new generation of avionics technolog ies . Section 3.3 descri bes those
avionics technologies, already developed and now emerging, which the Design
Fellows judge will be the constituent technologies of the post-1995 advanced
avionics system.

• 3.1.1 The Flight System

The function of the flight system is to get the ai rcraft off the ground at
poi nt A , direct it from point A to point B , and then get it back on the ground
at point B safely, expeditiously, and unerringly. This flight function can
be divided into three subfunctions : (1) navigation and gui dance , (2) control ,
and ( 3) mana gement and pl ann i ng .

The navigation and guidance portion of the flight function
1. Acquires data about the aircraft ’s location relative to both the

ground and other aircraft ;
2. Compares this location with the desired location of the aircraft ;

and
3. Determines what , if any , change in the aircraft ’s flight path is

required in order to return to the desired track.

The control portion of the fl i ght function
• 1. Determi nes what changes in the aircraft ’s control surfaces and

thrust are required to direct the aircraft along the desired
flight path , and

2. Produces these changes .

The management and planning portion of the flight function
1. Acquire s data about the characteristics , genera l conditi on, and

current state of the aircraft , atmos phere , terrain , air traffic ,
and airport operations;
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2. Determines the des i red location for the aircraft at any given
moment , that is , the desired route , airspeed , and aircraft
performance profile; and

3. Organizes , plans , and exercises overal l direction of the flight
in order to assure opt ima l aircraft operation .

All these aspects of the flight function involve data acquisition , data
evaluation , decision , and decision impl ementation. Two important issues arise
with repect to these tasks. First , to what extent should these tasks be per-
formed by humans and to what extent should they be performed by machines ,
in this case , by avionics. Second, to what extent should these tasks be per-
formed on the ground and to what extent should they be performed in the ai rcraft.
The first is the issue of the man-machine-interface with respect to avionics ,
that is , the proper role of avionics within an integrated human-avionics - -

system. The second is the issue of the cockpit-air traffic control system
interface , that is , the proper sharing of responsibilities for the air and
ground portions.

3.1.2 Man-Machine Interface • -
The discussion in this section is limited to just one aspect of the man-

machine interface in the airborne part of the fl i ght system, namely, to the
pi l ot-avionics interface. Of course, many of the comments apply equally well
both to the more genera l question of the cockpit crew avionics i nterface and
to the question of the air traffic controller avionics i nterface.

During the early history of flight , pilots di rectly performed the generi c
tasks within the flight function . They acquired data through their fi ve senses ,
intuitive ly evaluated it while “flying by the seat of their pants ,” and
manipulated the aircraft accordingly. Today, virtually all of the information
is acquire d by instruments , much of the evaluation and integration of this

• information is performed by computeri zed systems, and the pi l ot shares the
control of his aircraft with the autopilot. For example , in the area of navi-

• gation and guidance , automated area navigation systems exist which can fly
the aircraft from the departure point to destination . In general , the trend
within avionics has been toward increased automation of the flight function
with a consequent diminishing of the pilot ’s role. (References 1 and 2 provide
additional information.)

Before leaving the area of the man-machine interface , it must be noted
• that as long as humans are i ntegral components of the fl i ght system, no

matter how extensive the automation and computer ass i stance , they must acquire ,
utilize , and transmit information. This fact highlights two i mportant classes
of auxiliary avionics , that is , avionics which assist the human components
of the system to perform their share of the flight function . These are,

• fi rst, data and information displ ay avionics and , second , communication avionics.
These will be discussed in Section 3.3 along with those avionics which perform
parts of the fl i ght function .
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3 .1.3 The Air Traff ic Con t rol System

The ground based air traffic control (ATC) system performs part of the
flight function . It provide s routing, altitude , and airspeed control to
assure aircra ft separation , thereby undertaking part of the navi gation and
guidance and the managemen t and planning aspects of the flight function . These
control actions are broadcast by ground based airtraffic controllers to the
pilot, who then performs the appropriate flight functions .

Projected future increases in the automation of the ATC system have re-
cently reopened the question of the proper division of l abor between the ground
an d cockpit in the performance of the fl i ght function (refs 3, 4, 5). The
ATC system is embedded in a regulatory and l egal framework which allows slow
changes and inhibits any replacement. The ATC system places definite con-
straints on the airborne flight system.

With respect to the particular context of this report , the advanced (
airborne avionics system of the post-1995 period will be required to interface
with the 4ATC system of that period. This necessity will limit both the
avionics technologies for constructing the avionics system and the methodology
for assembling them.

3.2 Electronics Technology Trends •

The current electronics revolution provides technologies and capabilities
to make significant improvements in avionics. This section briefly sun~mmari zessome aspects of this rap idly developing field. Subsequent sections present
discussions of specific avionics functions and systems.

It is i mportant to remember that advances in avionics are part of the
current dig ital electronics revolution . This means that when the aircraft
industry buys state-of-the-art avionics , it will automatically be buying
equipmen t that utilizes the available advanced digital electronic concepts.
Consequently, developments within the electronics industry will be one of the
driving forces behind the aircraft industry ’s adoption of increasingly more
advanced avionics.

3.2.1 Digital Control Systems

The next generation aircraft will mark a change in approach for avionics.
The revolution in digital electronics provides a new technology for increasing
the reliabi lity and capability of avionics , especially with respect to improving
info rmation processing and system i ntegration .

• Dig ita l technology is most efficiently utilized if a central computer forms
the heart of the system. All sensors can feed the computer and the computer
can control all actuators and displays . Such a method allows feedback among
all units.
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The data bus concept provides a method of connecting all sensors ,
actuators , and computers to a couivnon information carrying medium . Figure 3-1
i l lustrates an example in which the data bus is used. Actuators A and B
need processed information from sensors 1, 2 , and 3. Indicato rs use data from
all sensors but actuator C uses only sensor 2 data.

Advantages of the data bus concept are
1. Multiple use of sensors
2. Reduction in wiring complexity
3. Reduction in weight of wire (up to 200 lbs . in large aircraft).
4. Increase in fl exibility and addition of new or redundant units

possible with changes only in programming software.

The USAF presently uses a digita l system with functions interconnected
by means of a serial digita l mu ltiplex data bus . Alternatives include an 8 or
16 bit parallel data bus and the fiber optics data bus. Fiber optics data
busses are not affected by the electri c and magnetic fields which result from
short circuits and lightning strikes.

Families of sensors and actuators must be developed that will integrate
easily with the di gital systems. Memory mapped sensors and actuators use
memory type instruction to access these input/output devices (ref 6). The
advantage is that the same powerfu l instructions used for reading and writing
memory can also be used to input and output data.

The trend toward digital avionic system architecture has been accelerated
by developments in low cost microprocessor technology . Very large scale
integration (VLSI) offers high density modular construction for all components.
Each avionic function can be implemented with a dedicated digital microprocessor
and associated fi rmware. The functional element receives its required data from
the data bus and supplies its data output to the data for other functional
users . t

The digita l microprocessor is a single chip monolithic device which may
contain all the necessary computer components except input and output functions.
Presently, the amount of memory included in the microprocessor chip is limited.
Future ultra large scale integration (ULSI) devices will contain sufficient
memory for most applications.

3.2.2 Flemo ry Devices

• A digital computer basically consists of three main elements :
1. A central processing unit ( CPU) which contains the control unit and

the arithmetic logic unit.
2. Memories , both permanent and temporary .
3. Input/output devices that allow the computer to interact and coninu-

nicate with the outside world.

Avionics memories will be semiconductor and high density such as bubble
memories and charge coupled devices.
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At present , semi conductor memories are heinq extensively used in small
dedi ca ted compute rs , Si mi 1 ar to those proposed for avion ics app l i ca t i on .
A semiconductor memory is a digi tal  electronic device i n  which into rmat ion
is stored in the form of electronic signals in a semiconductor ni atr ix . sem i-
conductor memories are known by various names , including random access memories
(RAM ’s), read—on l y memories (ROWs), scratch pad memories , shift rt’qiSters ,
holding registers , memo ry but fers , and prograninable read-only meniori es. kA~ ’ s
and  RUM s are aenerally a part of any micropr ocessor syste~n .

In a RAM , the data bit , a lo~1ic 1 or U , can be stored , retr ieved, and
read. Any location in the RAM is accessible. Because of recent advances in
metal oxide semiconductor (MOS) technology , the RAM is i nherentl y a hi gh
density device. Most chips are less than ~ X ~ inch square . Memo ry cli i ps ~ it4098 bits are very conunon and chips with as -

~any bits as es-I UUO bits are avail -
able. It is expected that in the near future memory chips wi th many more
cells will be avai lable. RAM’s may be used wherever a temporary storage is
require d , for example , scratch pad memory and buffers .

A read-only memory (ROM) is a semiconductor devic e from which di g it a l
data can be repeatedly read bdt whic h cannot be written into, as is the case
with RAM. Once the desired data have been programmed i n t o  a ROM , there is, i n
genera l, no way t h a t  it can be altered short of destroyin q the chip. Howevet’.
a dist inct ion must be d rawn here between the basic RUM , a proqraiumahle RUM
(PROM) and an erasable programmable ROM (EPROM). A PROM is like a RUM , hut
instead of being programmed in the f ac to ry , it is progra m m ed in the laboratory
u s i n g  special equipment. Once programmed , a PROM is like a RUM . An [PROM ,
on the other hand can be repeatedly programmed usinq special erasinq techniques ,
such as ultraviolet li gh t. PROM ’s an d EPROM ’ s are qeneral ly u sed ~~ i&~velop—ment purposes. ROM ’ s are used w hereve r permanent memo ry is requ i red in di o i tal
computers , instruments , or devices .

3.2.3. Electronic Displays

Electronic displays are a very important elemen t of the Air Transport
System (ATS). The air traffic controllers depend upon them to control and
direct traff ic. Within the cockpi t ,  a new trend is emerg ing towards mul’~i-function , interactive electronic displays to replace the older electro m echani-
cal indicators .

The cathode ray tube ( CR1) has dominated the electronic d isplay for th~ATS. The CRT represents a competent , cost e f f e c t i v e , and ma t u  ~~ technoloqv(ref 7). Techn ological progress from 1940 through the early 1960 ’ s made possi-
ble sophisticated tubes for oscilloscopes , radar , and displa y consoles , and
led to the introduction of the shadow mask tube for color televisi on . Continued
progress through the present has led to the development of a high resolut i on ,
high brightness , rugqedized monochrome CR1 and beam penetration colo r CRT for
aeronautical app lications.

CRT ’s are used as primary display devices in many milit a ry a ircr a ft and,
to a much lesser extent, in civil aircraft . A CR1 offers a fle\ ib le, so ftware
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reconfigurab le unit that can replace most of the electromechanical cockpit
displays. The main advantages of a CRT over its rival technologies are (ref 8)

1. Addressability
2. Resolution
3. Brilliance
4. Dynamic Range
5. Flexibility
6. Accuracy
7. Environmental resistance

At present , there is every indi cation that the CRT will be a primary candidate
for integrated display for  the 1980’s and 1990’s.

The major disadvantages of using CRT technology are
1. High voltage
2. Implosion risk
3. Form factor
4. Low reliability

These disadvantages have led to research and development of other flat-panel
display media.

The primary fl at-panel display concepts are liquid crystals , electro-
luminescen ce , light emitting diodes , and plasma panels. Of these, only the
pl asma panel has emerged as a product and is being widely used as a military
airborn e display. Thin film electroluminescent panel technology shows great
promise with defect-free area video and alphanumeric displays. The liquid

• crystal (LC) panel is based on MOS addressing technology used in the implemen-
tation of small display modules which can be interconnected to form large
panels. The largest module this technology has produced to date is 2.54 by
1.905cm (ref 9). The light emitting diode (LED) displ ay at present is charac-
terized by low brightness and large power consumption . These candidate
technologies are being investigated and probably will be available as alterna-
tives to the CRT in the post-1995 envi ronment.

3.2.4 Reliability

Rel i ability is definedmathematicallyas the probability that an i tem or
component will operate for a given service period without failure . For example ,
if an item has a reliability of 0.999 over a year ’s service , the probability
that the i tem will fail during the period is 1.000 minus 0.999 or 0.001.

• Conversely, there is a probability of 99.9% that the i tem will perform for the
year without failure .

There are several ways to improve the reliability of an avionics system or
device. The primary one is redundancy . If there are two i dentical units ,
either one of wh ich will perform the function4 the probability that both of
the units will f a l  simultaneously is (0.OO 1)~ or 0.000001. By using triple
redundancy , the probability that all three units will fail at the same time
becomes (O.001)~ or .000000001. Present practice is to design triple
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redundancy into the most vital avionics components on commercial airc raft . In
general , redundancy has produced additional cost and weight for the systems .
However , integrated circuits reduce these negative factors considerably.

Reliability is sometimes difficult to measure . When dealing with small
probabilities , an error in estimating the probability of failure can be
magnified many times in the final estimate of reliability . A further problem
is that good data are difficult to obtain. Considerable time and expense
are required to obtain enough test failures to make a good estimate. Acceler-
ated life testing may not accurately represent real life conditions. Calcu-
lations based on engineering desi gn are often used but supporting test data
are di fficult to obtain. However , pragmatically useful data are available
on the reliability of most avionics components.

3.3 Major Avionics Technologies

3.3.1 Introduction

The scheme for organizing this discussion of major avionics functions
and systems is to divide them into categories which are referenced to the -

-

flight function mentioned in section 3.1.

Accordingly, this discussion of avionics is divided into navigation and
g u i d a n c e , contro l, management and planning, disp1ays~and communications.

3.3.2 Navigation and Guidance

The function of navigation and guidance is to provide an optimal track
and safe aircraft separation . This is achieved by comparing the actual and
the desired paths and using the error data to correct the flight path.

Several integrated avion i cs systems supply data about the altitude ,
heading, and speed of the aircraft . The aircra ft avionics systems interact
with those on the ground to track and route the airc raft from departure to
dest 1nation .

Avionics associated with this function are divided into landing systems ,
enroute navigation systems,and aircraft separation systems for collision
avoidance.

3.3.2.1 Landing Systems

It might be argued that the most significant contribution avionics has
made to air travel is the capability to land during adverse weather. Current
and proposed systems are based on highly directional radio frequency signals
which are used to help the pi l ot ali gn the aircraft with the runway, descend ,
and land at applicable rates and speeds. The existing system is the instrument
landing system ( ILS). The microwave landing system (MLS) has been proposed
for future use.
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3.3.2.1.1 Instrument Landing Systems

The ILS system consists of a pair of ground rad io transm i t ters wh i ch
produce a coded beam. This beam is an cxtension of the runway and the pilot
at tempts to “fly the beam ” . The airplane ILS instrument indicates the aircraft
loc ation with respect to the desire d flight path. ILS is reliable and offers
safe an d efficient serv i ces within its technical and operational capabilities.
Nevertheless , the ILS has certain inadequacies . These are

1. Limitation to 40 channel frequencies (20 of which are currently in
use) ,

2. Inability to meet milit ary tactical requirements , and
3. Adverse effects from heavy snow~terra in irregularities , an d struc tures

in close proximi ty to the runway .
An effective ILS system costs several thousand dollars (ref 10).

3.3.2.1.2 Microwa ve Landing System

During MLS operations , a scanning beam is transmitted toward approaching
airc raft. The beam sweeps back and forth across a given arc. When the beam
strikes an incoming plane, a signal is reflected to the MLS ground receiver.
The time interval between the transmission and receipt of the reflec ted si gnal - -

determines the elevation and azimuth headings of the plane . This information
is transmitted to the airplane and displayed to the pilot as a deviation from
the desired approach glide path . The pilot can then take action to align his
p lane w i th the correct pat h . •

Data for a landing system can be either ground or air deri ved. In an
air derived data system , the interrogation signal isbroadcast from a fixed
groun d station . The responding signal from the aircraft provides position data.
In a ground deri ved system, the signal is broadcast from the aircraft . The
position data link is determined by the ground receiving station and rebroad-• cast to the plane.

MLS is expected to overcome the limitations of ILS (ref 11). The
• operational advantages of MLS are

1. Increased channel capacity - five times that of ILS - to provide
adequate c hannels for any foreseeable need ;

2. Curved and segmented approach paths for noise abatement procedures
and interleaving of aircraft flying at di fferent speeds ;

3. Operation on closely spaced parallel runways to provide more efficient
operation s at high density airports;

4. Installation of a system which cannot be adversely affected by terrain
features or local signal distortions ,and installation at any airport
regardless of approach terrain configuration .

• By the year 2000 , the FAA estimates that installation costs of ground
based MLS equipment will be 1.25 billion dollars . The acquisition cost for the
individual user will range from two thousand dollars for GA to thirty-four

• thousand dollars for coimierical aircraft (ref 12).
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3.3.2.2 Navigation Systenms

People have navigated the surface of the earth for centuries. The
process of establishing a position on the globe has changed little while the
technological aids for doing so have changed dramatically. The essence of
navigation is to determine position and distance and direction from a known
reference point. This infonuation , plus accurate maps , makes point to point
navigation possible. The required reference points can be stars , prominent
geographical features, satellites , or radio beacons. The principal factors
that influence the selection of a navigation system are accuracy , reliability ,
and cost. The following is a brief outline of the existing and developing
ndvigation systems.

3.3.2.2.1 Very High Frequency Oimm nidirectional Range

Navigation of aircraft over land today is primar fly through the use of
very high frequency omnidi rectional ranges (VOR). This network of ground sta-
tions transmits an encoded signal which is received and decoded i n  the airp l ane.
Two pieces of i mportant information are deri ved from the signal. These are the
magnetic position relative to the VOR transmitter and a to/from signal
indicating whether the aircraft is inbound or outbound on its current heading.
In Figure 3-4, A , B, and C are representative VOR ground stations. Notice
the 0-360 degree calibrated circle around each station . These are called
radial , and it is this magnetic information which is received in the aircraft .
The effective range of a VOR station varies with altitude but wil l average
approximately 93 kilometers . A large aeronautical chart will show that
many points over the United States , an airplane is vi rtually always within
range of one or more VOR stations. Long range navigation consists of fl ying
f rom one VOR to another along the desired route. The system is reliable ,
efficien t, and inexpensive . It  has one i nhe ren t  weakness. Navigation between
VOR stations l eads to a series of relativel y short , straight paths comprisi n~a zig-zag pattern . This results in a flight path longer than a direct route

• (ref 13).

3.3.2.2.2 Distance Measuring Equipment

The VOR system gives information regarding angles only. Since distance is
also desired , adjunct distance measuring equipment (OME) is coflocated with
many VOR stations to provide this information . The equipment consists of a
microwave transmitter / rece iver aboard the aircraft which interrogates the
ground station repeater, recei ves , and processes the reply arid calculates
the distance between the aircraft and the VOR/DME ground station . This system
can also be used repetitively to compute velocity . Thus , a VOR /OME equip ped
aircraft can determine its position and velocity relative to the ground
stations. VOR/OME avionics are reliable , inexpensive - approximately three
thousand dollars - and accurate. Moreover , it can be combined with multiple
VOR receivers to provide what is commonly referred to as area navigation
(ref 14).

52

_ _ _ _ _ _ _ _ _ _ _ _ _- ~~~~ ~~~
.

~~~

L. ~~~~~~~~~~~~~~~~~~ .



I
I H

53

~~~~~~~~ - ~~1’~~- - .-— • • — -— •— -- - 
~~~~~~~~~~ ,—---- • - -  - - —-5- - - 

-

_______ •_ - j .~_____ _ —-- —- , - —- - -  .~~~~~~ . _ _ _  -5-



-— -

3.3.2.2.3 Area Navigation

It has already been noted that VOR naviqation frequently leads to an indi-
rect and thereby longer and less fuel efficient route. With VOR/OME and a small
computer , it is possible to plot and follow a direct course in a process called
area navigation ( RNAV ) . Moreover , the computer can be preprogrammed with
several enroute VOR frequencies and locations so that switching from one to the
next will be accomplished automaticall y and a d i r e c t  route flown for the
entire trip. RNAV equipment has the inherent reliability of VOR/DME and i s
avai lable at a cost of approximately $5,000.

3.3.2.2.4 Inertial Navigation System

Long fl ight , particularly ove r water , cannot depend upon the short range
radio navigational aids previou’~ly discussed. For this reason , an inertial 

-

navigation system (INS) is often used.

The concept of an inertial system is relatively simple and has been
highly developed. It is based on the kine imm atic relationships between position ,
velocity , and acceleration . If three linear accelerations and three anqular
acceleration s are known at all times for a rigid body , its velocity and position
can be computed. Linear accelerometers and gyroscopes are available to measure
the linear and angular accelerations , respectively.

Because position data are generated by integrating acceleration twice ,
small errors in the acceleration measurements can accumulate over a long
trip to produce significant cumulative errors . This is minimized by using
checkpoints and updating the aircraft ’ s position periodically. If INS is the
only means of navi gation , three i dentical systems are generally used to insure

• accuracy and dependability (ref 15).

3.3.2.2.5 LORAN

Long Range Aid to Navigation is a radio navigation system for establishing
the position of a ship or aircraft. Two major types of LORAN are in genera l
use over large ocean areas: standard LORAN (LORAN A) and low-frequency
LORA N (LORAN C). LORAN A. developed during World War 11 , operates at a radio
frequency betwee’i 1,750 and 1,950 kHz . Maximum useful ranges are about 750
mi les (1 ,200 ku ) over water in daylight and twice that distance at ni ght.
Accuracy of r~sition fi xes varies from a fraction of a mile to seve ra l miles ,
depending on ionospheric conditions.

LORAN C, developed since Worl d War II , operates at a radio frequency of
100 kHz. Propagation conditioM are much more favorable at this l ower f requency .
and operating ranges and accuracies of LORAN C are generally superior to those
of LORAN A. Chains of LORAN C stations provide cove rage of large areas cf the
North Pacific and North Atlantic oceans and the Mediterranean Sea .
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LORAN C is currently used by civilian maritime users, some U.S. mi litary
aircraft , and some Navy submarines. Military airc raft carrying LORAN C
receivers include some Air Force and Navy cargo aircraft , some Air Force
fighters , and some Navy patrol airplanes.

Except for strategic submarines , the military will be phasing out their
use of LORAN C in the 1980 ’ s (ref 16). However , the nuiimbe r of civilian
users is expected to grow as LORAN A recei vers are replaced with LORAN C
receivers. LORAN A will remain in operation until the end of 1979.

LORAN C receivers cost from one to five thousand dollars for civilian
m aritime receive rs to aS immuch as twenty thousand dollars for a military air-
borne receiver.

3.3.2.2.6 Oimmega

Omega is a network of eight transmitting stations located throug hout the
world to provide worl dw i de navigation . These stations transmit a phase stable
signal in the very low frequency (VLF) band. These signals have ranges in
thousands of miles. The eight stations are located in Norway , Liberia ,
Hawaii(USA), North Dakota (USA), La Reunion , Argentina , Trinidad , and Japan.

Presently each station transmits on three basic navigational frequencies :
10.2 kHz , 11.33 kHz , and 13.6 kHz , in sequenced format . This time sequenced
format preventsinter -station signal interfe rence . The pattern is arranged so
that during each transmission interval , only three stations are radiating,
each at a different frequency. With transmissions from the eight stations
and a 0.2 second pause between each transmission , the  entire cycle repeats
every 10 seconds. A fc~rth frequency of 11 .05 kHz is being added to each station
which will allow more navigation flexibility by increasing the  l ane resolution
capability . Experi ence has shown that the Omega network is capable of provid-
ing consistent navigation and guidance information at an accuracy of 3.7
kilometers depending upon the sophistication of the receiver/processing system.
Omega receivers are available at a cost of thirty to fifty thousand dollars .

3 . 3.~i’ .2.7 Four Dimensional Navigation

• All of the systems described thus far provide an aircraft ’ s position in
three dimensional space. With an eye toward future automation potential
it may be desirable to include time as an explicit parameter in the navigation
system, hence the name four dimensional navigation . This system is intended
to enable more precise control of aircraft operations , as well as reduce the
workload of the air traffic controller. While 40 NAV can be used for naviga-
tion during the entire flight, its principal advantages accrue during the
terminal phase of the flight by enabling a greater traffic capacity and more
fuel efficient landing profiles.

The currently envisioned 4-0 navigati on system will operate by specifying
a series of waypoints during the flight route with altitudes and times assigned
to waypoints such that the vertical profile and speed are defined durin g the
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entire fli ght. Two methods proposed to maintain the scheduled 4-0 profile are
(ref 18)

1. Precisely controlling the airplane to the 4-0 profile from the ground
using vector and speed conimiands , and

2. Providing the scheduled 4-0 profile to the airplane and allowing the
pilot to use onboard navigation and guidance equipment to fly the
optimum path.

In terms of the system evolution , it seems l ikely that initially the
4-0 path profile will be computed using the aircraft ’s onboard computer
facilities. As the system gains wider acceptance , it may become economical
to permit ground control .

For either of the proposed methods , it is necessary that the system utilize
a discrete address beacon system (DABS), to be discussed in section 3.3.6.2, in
order to convnunicate with the plane. It will be advantageous for the plane
to be equippe d with a CR1 type display to enable the pilot to fly the 4-0 path.

The principa l advantages of 4-0 navigation are an increase in landing
capacity because of more precise timing of aircra ft arrival and a decrease in
the controller workload. It is estimated that by 1995 the 4-0 navi gation
system will enable a siginifcant increase in operational capacity as well as
a marked decrease in landing del ays. This will result in annual benefits
of five hundred million dollars using presen t day estimates for direct opera-
ting costs , landing fees, and airline revenues . Inclusion of passenger time
and decrease of controller workload would increase this estimated amount.

The greatest danger inherent in the 4-0 navigation system is one of reac-
tion to system failure. Because of the increased numbe r of planes in the termi-
nal area and the decreased direct controller supervision , it nmight prove

~~~~~~~~ extremely di ffi cult to cope with severe operational deviations. These could
• be a result of unexpected weather condition s or aircraft equipmen t prob l ems

causing flights to miss waypoints , unauthorized aircra ft entering the terminal
area , a computer failure on the ground or in the air, a connnunications
failure , or deliberate sabotage attempts. The system must be designed to be
fai l -safe in order to handle these possib leoccurrences. This appears to be
the prima ry development challenge. Nevertheless , a 4-0 navigation system
should increase the safety ma rgin because each flight knows its precise 4-0
profile and could continue without conflict should communications with one or
more aircra ft be lost , and controlling the plane with onboard navigation
while tracking it with ground based radar provides an additional leve l of

— redundancy .

3.3.2.2.8 Global Positioning System

The Global Positioning System (GPS) is a very high technology approach
to navi gation and guidance and offers nearly the ultimate in capability .

The fully operational GPS system will consist of 24 satellite s , eight in
each of three planar regions. They will orbit at 19 261 kilometers and have
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12 hour periods. This configuration assures that at least six satellites
will be in view from any point on earth , with an average of ei ght to nine
being in view . Since only four satellites will be required by a user , failure
of a satellite function will not inhibit the system (ref 19).

At present , six satel l i tes are in orbit for the system concept validation
phase. Preliminary testing has shown this system to be extremely accurate
in providing continuous position and velocity information to aircraft .  GPS
can determine the position of an aircraft within 10 meters on the guarded
military transmission channel and 110 meters on the channel intended for
civi l users. Velocity can be determined with an accuracy of 0.03 rn/sec on
the military channel and 0.2 rn/sec on the civil channel . The complete GPS

• is expected to be operational by 1985 ( ref 20).

Operation of the satellites requires a con trol segment on the ground in
order to periodically update the atomic clocks and to provide coded information .

— The satellites can continuously beam their positions and an accurate time
standard . The user requires a passive receiver which can obtain position and
time from the satellite . The receive r must also be capable of ascertainin q
the aircraft ’s position and velocity based on the solving of equations in the
X , Y , and Z axes and the correction for user clock bias. This requires listen -
ing to four satell i tes, three for range and one for time correction .

GPS require s no user transmission . Therefore , it can sustain an unlimited
number of users. It can also be operational under all weather conditions
(ref 21).

The full potential of GPS , however , will be realize d only in combination
with an air/ground data link. This data link woul d establish coiiumunicat ions
between the aircraft and ground adding the following capabilities (ref 22):

1. Automated position reporting/surveillance ,
2. In-trail separation assurance ,
3. Collision avoidance ,
4. Cockpit -displayed traffic information ,
5. Automated flight service /ATC information , and
6. Meteorological reporting.

Capital and operational costs of the satellite system will be paid by
the military users. Estimates of receiver costs range from three-thousand
six hundred dollars for a small GA aircraft to forty thousand dollars for
a sophisticated military receiver. NASA believes that the cost of a simple
receiver must be decreased below two thousand dollars for the system to become
un i versally operational. It is likely that this goal could be achieved with
a fail-operational design .

Introduction of the GPS data link combination eliminates the need for a
number of present ground based systems including VOR , ONE , Omega , and en route
radars (ref 23). It would thus entail a savings for the air transportation
system as a whole.
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An added problem for the entire aviation industry is the fact that GPS
satellites are intended pri mmm arily for the use of the military and will be
under military control. Therefore , some fear exists that the availab ility
of GPS for the civil user is not guaranteed.

3.3.2.3 Collision Avoidance Systeimi

A direct result of increased air traff ic is increased probability of an
air collision . In good weather , the primary method for avoidance is visual.
“See and avoid” is the pilot ’ s credo (re f 24).  However , in poor weather , the
responsibility for immaint a ining separation between aircraft rests primarily with
the air traff ic controllers . Contro l refers to control of alt i tude and
heading of the aircraft. This control is stringent in terminal control areas
(1 CA ) .

3.3.2.3.1 Air Traff ic Control: The Ground-Based System

The principa l avionics technology is the radar which provides to the con-
trollers a visual representation of aircraft position . The transponder
has been used for several years and provide s an important adjunct to radar -
derived information . The transponder is on board the aircraft  and is actually
an airborne radar repeater which can be interrogated by a si gnal from the
ground. This gives the standard azimuth and range information of conventional
passive radar , but provides more reliable information .

Transponders also have dia lable codes which allow the air traffic con- -

trollers to assign di fferent codes to aircraft for i dentification purposes.
A recent improvement in transponders , mode C, allows altitude information to
be automatically encoded on the transponder signal so that the ground con-
trollers have access to aircraft range s azimuth , and altitude . The latter
data are very important for maintaining aircraft separation and control. Mode
C transponders are now required for TCA descent and landing at several of
the nations busiest airports.

The ground controllers use the Automatic Radar Terminal System (ARTS III)
which consists of a console having as its prima ry components a computer and
radarscope . The computer stores and updates transponder returns . This allows
the controller to select from a wi de range of g r a p h i c a l  displays (ref 25).

3.3.2.3.2 Ai rborne Systems

A collision avoidance system (CAS) must provide the capability of protect-
ing aircraft froum collisions not only in areas under FAA control but also in
uncontrolled airspace. In order for this goal to be accomplished , an airborne
CAS will be necessary~ operating either in conjunction with or independently of
the present ground-based ATC system (ref 26).

Five potential future airborne CAS ’s are now being developed. They are
the Honeywell AVOIDS , the M. I .T .  !ntermm iittent Posit ive Contro l (IRC L, the
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t-~cDonnell Douglas EROS, the RCA SECANT , and the Litchford Semiactive BCAS.
All five requ i re an airborne transponder which must be detected by the air

• traffic system mm . The difference among these systems is the amount of inter-
action with and dependence on the present MC system (re f 27).

A brief descript ion of IPC wi l l  introduce the reader to the general
characteristics of airborne CAS systems. IPC is the system supported by the
FAA and des i gnated by the agency as ATARS (Automimated Traffic Advisory and
Resolution Service). I t is tai l ored to the requirements of individual air-
ports and has s ome potential for serving as a backup to voice communicatio n
between the pilot and the controller (ref 28) .

The ATARS system will require a DABS transponder , a display panel , and an
encoding altimeter. The transponder will receive digital information from
the ground and present cockpit display indications which mima y range from
proximity wa rnings to evasion commands. Requi red  on the ground is a full y
automated DABS interrogator and the ATARS computer system . Since there must
be a link between aircraft and the ground in this system , ATARS will work only -
with DABS coverage (ref 29, 30). —

In order for ATARS to give the airc raft CAS capability while operating
• outside the coverage of the ATC network , a system called Synchro-DABS wil l

also be required. Synchro-DABS is an air to air interrogator-transponder
system among aircraft. This could provide either an active beacon collision
avoidance system (BCAS) or a full BCAS. The active BCAS allows onl y vertica l
escape maneuvers because of antenna limitations. The full BCAS , wh ich is
based on high speed commiputer technology , present an electronic display of all
aircraft in the im m~nediate vicinity (ref 31).

Implementation of any CAS system is estimated to cost more than one
bil l ion dollars . It is believed that an airborne system may be more cost
effective. An important factor to be considered is that well over two bi l li n
dollars have already been invested in the air traffic control radio
beacon system (A T CRBS) so that any compatible CAS will probably have some
advantages (ref 32).
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3.3.3 Controls

The control aspect of the fli ght function includes both control surfaces
and the coiminand loops to these surfaces. Avionics developments are occurring
in both of these areas , and are presented individually for discussion purposes.

3.3.3.1 Electronic Command Loops

Unt il recently, movement of aircraft control surfaces and the adjustment
of engine throttle settings have been accomplished via cable connections con-
trolled by the pilot. The control cables are being replaced by primarily
electronic control systems that are referred to as the fly-by-wire capability .
Initially, fly—by-wire referred only to the replacement of hydraulic and mechan-
ica l linkage devices with primarily electrical devices. Now , fly-by-wire
implies not only attitude and manuever control but also automatic thrust con-
trol .

NASA ’s manned space program has demonstrated the advantages of di g ital
fly-by—wire systems in terms of control system flexibility and reliability
(ref 33). However, the transfer of this technology from spacecraft to aircraft
will not be easy. Until the reliability of the aircraft fly-by-wire systems is -

proven to be as good as or better than the cable system , pilots may be reluc-
tant to accept a total fly-by—wire aircraft.

3.3.3.1.1 Attitude Contro l

Attitude avionics are designed to provide aircraft control by sensing and
altering roll , pitch , and yaw. Present day analog devices will change to
primarily digita l devices by 1995—2000. Until complete cockpit automation is
achieved , a digital flight management computer will provide roll , pitch , and
yaw data to assist the pilot in aircraft orientation. Reliability of these
avionics will be enhanced by multiple redundancy .

For present—day overland fli ghts , the roll and pitch orientations are
sensed by redundant “strapdown ” gyroscopic units. Inertial gyroscopic plat-
forms are available for transoceanic fli ghts , but are seldom used for overland
flights because of much higher cost than the “strapdown ” units. The inertial
units have the advantage of greater accuracy but are affected by gyroscopic
drift . Technological improvements by 1995-2000 may resolve the problem of
gyroscopic drift and possibly cost.

3.3.3.1.2 Automatic Thrust Control

In a jet airplane , the thrust for a particular flight condition requires
a specific engine pressure ratio (EPR). EPR is determined by throttle setting.
A pilot becomes familiar with various throttle settings through experience and
reference to instruments . Variations in operating environment and deviations
from planned operating conditions caus: the pilot to alter settings



Trial and error is employed to obtain trimmed thrust. The larger size and com-
plexity of proposed airplanes tend to increase difficulties in setting the
correct thrust for a particular condition .

An automatic throttle control system which can control engine thrust from
takeoff to landing has been used on Boeing 747 aircraft . The system has three
primary methods of control : EPR control , mach hold control , and speed control .
The system is claime d to aid smooth operation by responding to airplane control
surface setting changes , selected reference changes , flight path changes , and
gust disturbances in a manner that avoids excessive and undesirable thrust
level movements (ref 34).

Current desi gn philosophy for prima ry thrust contro l is represented in
Fi gure 3-5 (ref 35). This scheme provides electronic supervisory fuel control -

with backup hydromnechanical control . The electronic control eliminates throttle
stagger and the effects of cable hysteresis , enables control by computed thrust
rating, closes the fuel control loop between desired and actual engine speed
to simplify the thrust setting operation-—especially on takeoff , c l i m b , and
go—around--and provides thrust limit computation for cockpit instruments and
autothrottle. The heart of the system is a thrust management computer (TMC),
shown in Fi gure 3-6, which serves two primary functions. These are rating
limit computation and display and autothrott le , as well as providing subsystem -

monitoring and fault data storage for subsystem maintenance .

As a result of the ability to set the correct thrust for the conditions
at hand , the thrust management system should result in increased fuel
efficiency. Ultimately, the pilot will play little or no role in thrust
control as this function will be performed by the thrust management computer.

3.3.3.2 Active Controls

As commonly defined , aircraft active controls (ACT) consist of control
surfaces activated by computer si gnaled inputs from sensors which are not
pilot commanded (ref 36,37). The sensors , normally accelerometers , indicate
a change in the attitude of the aircraft or in the status of some aircraft
component. Change in control surface deflection then returns the aircraft to
its ori ginal state. The role of these control s is to provide benefits in
aircraft performance and/or reduction in operating costs.

The following comprise the set of ACT under development (ref 38,39):

1. Augmented or artificial stabilit y (AS)

2. Gust load alleviation (GLA)

3. Manuever load alleviation (MLA)

4. Flutter mode control or flutter speed enhancement (FMC)

5. Ride control or improvement (RC)

61

- -

~ 

-

- 
~--
_ -~~~ -~~~~



~
• - - • — --

~~~~~• - - • •~~~~~~~~~~~
.-

~
- •- - —‘ - - - • ---

~~
- - - -

-

~~

2

Q 
c~~~I~~I 0

__J

x
2-f 0 _ _ _ _

-l —
I.’,,,-n

~ 

62 

- 
—

~~~



__ • -~ - ---——•.--- 

_ _

M4 - 3  8~~~~~~ij z~~ ~~~~~- -

~~~< O~~ o~~ x N
W U. V ‘.~~ ~ — N

.~~~~ 
ç ~~‘

~~~~ 2 0 
~

~ 2 ~~~ d

‘ci
I

~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1D 1IJI~. 
~~~~~~~~~~~~

.

~~~~~~~~~~

;z

~

—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~



6. Fati gue reduction (FR)

7. Controls for
a. Center of gravity location
b. Envelope limiting
c. Active landing gear
d. Advanced electronic propulsion systems

Although severa l of these items may not fall within the definition of ACT
given previously, they do utilize electronics to improve aircraft performance
and economics. It should be emphasized that the conventional control surfaces ,
ailerons , elevator, and rudder , will --with t~e incorporation of ACT--play a
role .  The i r  p r imary  roles will be to maintain the course and attitude of the
aircraft . The second role , resul ti ng from A~T implementation , may require
unconventional control surface movements , such as symmetric deflection of the
ailerons.

At present, most ACT research is confined to conventional takeoff and
landing aircraft (CTOL), ver ical,’short take—off and landing aircra ft (V / STO L),
high performance aircraft , ani helicopters . Little work is being done in the
GA area because of the hi gh cost of ACT systems. Some aircraft so equipped
could conceivably cost more than the conventionally equipped GA aircraft.

3.3.4 tlanagement and Planning

The management and planning aspects of the fl ight function involves the
organization , planning, and overall direction of a flight. Historically, this
function has been performed by the pilot , and even in the post-1995 time frame

• the pilot will retain a significant managerial role. In this respect , fl i ght
management will be quite unlike the other two aspects of the fl i ght function ,
since it may tend toward complete automation by the post-1995 period. In fact ,
this impending automation of the navi gation and guidance and control func ti ons
is widely touted for decreasing pilot workload so that he can concentrate his
time on fl i ght management (ref 40).

The onl y emerging avionics technology in the flight management area is the
flight management computer system (FMCS). The specific version of this which

- - will be installed on the Boeing 757/767 (ref 41) will be an integral part of
the 757 /767 flight management system ( FMS). The FMCS will provide autumatic
navigation and fl ight function integration , including position determination

- - 
through aircraft sensor data processing, flight path guidance through control
commands based on navigation and performance data , and optimiz ation of opera-
tional economy by contro l of vertical and thrust profiles . Among those system

• inputs which the FMCS will integrate in performing these activities are the
attitude control and thrust management systems and electronic fl i ght instru-
ment systems.

In spite of the relatively high degree of automation that the FMCS and
FMS will bring to fl i ght management , a design goal for these systems is to
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increa se the pilot ’ s o t te c t iveness as the overall flight manager (ref 42) .  The
Boeing design team considered the total man , machine , and operating environ-
ment in order to op t i m ~~e its integra ted IMS. Specifically . Boeing desi gned
the FMS and IMCS

1 . To emphasize and enhance the pilot’ s unique capacity for adaptive
response to unplanned conditions, particularly those imposed by
the ATC system;

:‘ . To allow the pilot to function as the fli ght manager  for all fl ight
phases;

3. To provide the pilot with as much appropriate information relative to
the fli ght management function as can be used effectively; and

4. To distribute p ilot workload to reduce peak requ i rements and to mini-
mize time critical actions.

Points 1 and 2 expli citly reserve some of the flight management function for
the pi lot.  reatures were included in the FMS and FMCS specifically to enhance
the pilot ’s performance of this function .

3.3.5 Integrated Fl i ght Data Display

The generation of aircraft entering the civil air transportation system
during the last decade of this century wi l l  be new in concept to satisfy more
stringent regulations . The aircraft will provide safe , productive , environ-
mentally acceptable , and comfortable transportation . They will be highly
automated , have integrated fl i ght controls , and operate in an Advanced Air
Traffic Management System (AIMS) with precise control in space and time to
accomodate the increased air t ra f f ic .

Within the cockp it , the role of the pilot will include monitoring and
manag ing as well as controlling a hi ghly automated aircraft. These responsi-
hilities will necessitate a more efficient flow of information concerning
aircra ft status and posit ion. A new cockpit interface will be required with
the necessary controls and displays to allow the pilot to operate efficiently
and ef fect ive ly.

The most obvious changes to the cockp it scene wil l be displays from
which the crew will gain its information about the conditions of the aircraft,
i ts position in the airspace , the requirements placed on thenm by the AIC
systems, and other external influences.

In the current civil air transport aircraft , the majority of the displays
are in the form of electromech anical rotating drum or pointer instruments ,
ranging from the simple , single reading m eters showing mach number , tempera-
tures, pressures, etc. to the complex flight direction displ ays in which a

- • large number of different parameters are shown on a single integrated instru-
ment, frinqed with appropriate alarm flags. Already , some of these instruments
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are being replaced by the cathode ray tube (CP~T) d i s p1 ‘iv. The Mc L’$onne 11
• ~~uglas DC— b , for example , usc -

~ seven CR1 ‘ s on its fbi iht deck.

• Major advant aies of us in~ CRT ’s or other type s of e le c t r o n i c  dis p lay ’. are
the i ncre,iso in s y s t e m  t eas  i b ii t v and rettuc ’d cost of svs t em ma i i i t e, iance .

• The maintenance of el oc trtimechan iCal equ i pmen t require s expensive and rare
skills , whic h are rel a t i ’d to watchina kiuq, to mai nt a in equipment at the necos car ~-performance 1 OV O I . ~n the other hand , the il ox i hi 1 i ty of an e 1 ec ron 1 c di ~pl a’s -
makes I t possib le t o in toqr.~ to the whole o f~ t he di sp I a~’od intormat ion • pro —
vid in q the pi lot wi tti data hI’ requires .it any nven time w ith a miii irnum of
redundancy . As an examp 1 e • convent i ona 1 inst ,‘tmfen t s requ i re the p i lot t o scan
over a radius o P some •

‘
.
‘ cm frott i the con (or of the at t I tude dot oct or I nd I c•m I or *

(A DI) to cover majo r Information displays. This area is su f f i c ie nt l ’ s  larue to r
p i lots to miss v i ta b cues • such •i s the warn I nq 11 a ~is on t he AL) I . With a t I~ 1
disp lay on which he sees only the necessary dat a • the pi 1 cit ‘ scan rad I ( I ’ ~ can
hi’ as l i t t le  as t~.4 cm. 

•

Fiqu re 3- ., shows a conceptua l tnt ure air transport cockp i t  as conce i’s-ed
by NASA- Lal~C (ref 43~

The I Uture hi oh tt’chflo 1 o~v a I rcra f t  wi l l incorporat e m:~any of t oda’s ‘ s
emerg ing tec hnol oq i os . The el omen t s of (lie coc k pit  as •;~ .nq~ in I . 3—~ are —

i den t it led by number as fe 1 1 ciws

1. P loctro nic Attitud e Detector Indic ator (PAt t i )

;~~. Ebect roflic Hori:ontal Si tuat ion Itispl ay Indicator (I lI S P

• 1. Head—Up i l isplay

.1 . Ss tents status/ a le rt  annunci at or

• 5. Wea t Pier ! t er m . i in imao I no di spl av

6. Systems Manaqoinon t • P i sp lay (SMIl)

• 7. EngIne Manat~etncnt Disp lay (EMU)

Each type of cockp it display wi ll be (11 scussed .

•1, 3, 5. 1 Electron Ic Att it ude Pot oct or I nd I cat or

The I lectron ic AU i t  tide I1otect ~ Ind icator (FAIl ! “ •‘epla ces the convent ion—
al elet-tromechan ical at t i  t t ide ind icator with a (‘l~i

the EADI represents

1. Al t  itude Information

‘ . Rate of s’b 1mb
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3. Heading

4. Altitude reference , and

5. Any other desired information .

The information may be a graphic representation or a televised image of the
real terrain , along with various symbols and alphanumerics representing per-
tinent flight data. Any additional information will appear on the electronic
display only when needed during specific flight modes.

3.3.5.2 Electronic Horizontal Situation Display Indicator

The Electronic Horizontal Situation Display Indicator (EHSI) consists of
a CR1 which provides the airplan& s present and projected horizontal situation.
It can also be progranined to display terrain and geographic information thus -

reducing the need for hand-held charts. The display maps may be in the form
of diagrams or of actual topographical information recorded in full-color on

rn film (ref 44). In addition , weather information may be superimposed on
the screen with the EHSI information .

3.3.5.3 Head-Up Display

The Head-Up Display (HUD) generates symbolic information on an electronic
flat panel display to represent aircraft fl i ght data . The display is then• collimated (focused at infinity ) and projected on the windshield. To the
pilo t , the symbolic information thus appears to be overlaid on the outside
scene. The disp lay formats , symbols and graphics , for specific flight modes
can be stored in read-only memories.

During landing, HUD provides the pilot with information without requiring
a change of the eye viewpoint and focus at a time when he should be constantly
alert for the first signs of the ground. HUD can be helpful when landing in
poor visibil i ty, both in providing touch point and as a monitor for the
automatic landing system. HUD is also helpful to a lesser extent during
takeoff, but is of little use during the cruise phase.

3.3.5.4 Systems Status /Alert Annunciator

This display system incorporates automatic checkout and failure analysis
using built-in test equipment. An aircraft problem is displayed on the status
and warning panel and announced by an audible alarm and a flashing light

• appropriately colored red (warning), yellow (alerting), or green (advisory).
Further details , as necessary , for inittediate corrective action by the crew are
presented either on the systems management display or eng ine management display .
Thus , the pilot is informe d during critical flight phases.
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3.3.5.5. Weather/Terrain Imaging Di splay

The airborne rauar system with multi-color display is used for weather
detecting and ground mapping. It operates in the frequency range of
9345 + 30 MHz .

In the weather m ode , the most advanced of presently available radars
detect and locate various types of storms along the flight path of the air-
craft and display them in colors against the black background of the CR1
screen. Areas of heaviest rainfall appear in red , the next level of rainfall
in yellow , and the least rainfall in green . On a normally unused portion of
the CR1 screen such information as range/mode alphanumerics can also be dis- -

played to help the pilot chart his course through or around the storm .

In the terrian mode , the amount of reflection from various ground surfaces
will be displayed in colors showing the variation from the most reflective to
the least reflective . With considerable practice and experience in inter-
preting color display patterns , the pilot may be able to identify the water
regions , coastlines , hilly or mountainous regions , or even laryc structures.

The radar capable of performing the aforementioned functions is currently
available at a cost of about ten thousand dollars .

In addition , research is currently underway for developing ways to detect ,
locate , and display the turbulence on the CRT screen. Unfortunately, because 

-of the extreme complexity of the problem , a practical solution is still
several years away. Once the problem is resolved , this new capability can
be integrated with MLS in order to safeguard MLS against unexpected turbulence
weather.

Weather display has gained widespread use in multiple-engine GA and
comercial aircraft. The inherent difficulty in mounting the antenna and the
relatively high cost have precluded the use of weather radars on single-eng ine
GA aircraft .

3.3.5.6 Systems Management Display

The function of the System Management Display (SMD) is to monitor the
status of various aircraft system components. The element being monitored
can be anything vital to proper and safe aircraft operation , such as the
hydraulic or fuel system.

The signals from sensors monitoring the status of various elements of the
aircraft are monitored by a systems management computer which control s a cock-
pit CRT displ ay. As soon as any malfunction is sensed , a warning is displayed
on the CRT along with an audible si gnal to alert the pilot . The whole display
system is under software control and hence very flexible. The information
format displayed can change depending upon the requirements of the aircraft ,
pilot , or the flight route .
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The major cost factors for the SMD are the CR1 and the dedicated contro l
computer. However, the SMO will replace a number of meters and lights in

• the cockpit , which are expensive to repair and maintain. It is expected that
the cost of using a SMD will be comparable to the cost associated with the
existing hardware it wil l  replace.

3.3.5.7 Engine Management Display

The Engine Management Display (EMD) supplies engine data and may consist
of one or multiple displ ays. A multi-engined aircraft can have one EMD per
engine or one per pilot. The EMD can combine the display of engine data with
the functions of thrust management and monitoring engine performance.

As an example of the EMO function , at engine start up time , the start
• checklist appears with a cursor or marker enclosing the first checklist i tem

and its response. Once a check has been performed , the cursor can be moved
down the EMD by a control key. The pilot can skip a checklist i tem, but it
is not possible to move to a new page of checks until a skipped check either
has been performed or deliberately overridden . The EMD may in te r face  with a
thrust management system, an engine management computer , and a centralized
test facility .

3.3.6. Coninunication

Economical use of the radio frequency (RF) spectrum is as important to
radio coninunications as is conservation of oil to the availability of jet fuel .
Even though the span of the usable RF range is a huge 40 bil l ion Hertz (Hz),
today there are more demands on frequency allocations than can be met. The
frequency bands allocated by the Federal Comunication Coniimission (FCC) to the• civil aviation industry for the purposes of navi gation and coninunication are
in the VHF band starting at 108 MHz. Information is transmitted over 720 voice
channels each with a 25 KHz channel spacing.

Although the VHF and UHF bands are,at present , the most used in civil
aviation , the FCC years ago allocated a specific high frequency (HF) band for
use by general aviation and air carrier fleets. The HF band is effective for
long distance over-the-horizon transmissions and is principally used on the
transoceanic air route whereas VHF/UHF are used only for line-of-sight trans-
missions. The FCC has also allocated two narrow bands for use by civil
aviation to implement the proposed discrete address beacon system (DABS) data
link.

Even though a wider bandwidth is required to transmit digital information ,
several factors make digital transmissions more attractive than the conventional
analog methods . These are

‘I. The continuing decrease in the cost and increase in the efficiency of
digital circuitry .
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2. The availability of powerful error-correcting codes.

3. The improvements in coders-decoders (codec ) design which enable
signals such as speech to be encoded into a smaller number of
bits. Codecs convert analog si gnals into a bit stream or convert
bit streams into analog signals.

4. The ability to use repeaters to reconstruct clean pulse streams ,
thereby maintaining a digital si gnal that is virtually free of
noise.

5. The trend to develop facilities to handle much wi der bandwidths.

Where multiple locations must share the same channel , time-division multiple
access (TDMA ) methods are used. The various time s lots for a given channel
are allocated by a contro l or reservation mechanism.

A discussion of digital data links employing some of the previously
mentioned concepts follows .

3.3.6.1 Automatic Coninunication and Reporting System

The Automatic Coimiunication and Reporting System (ACARS ) is intended for - 
—

use in conjunction with existing airborne radio equipment to enhance the -

•

effectiveness of air-ground operational control conTnunications. This enhance-
ment accrues from the ability of the system to provide air-to-ground voice
as well as data coninunications. The airborne management system receives
ground-to-air digital messages from the radio transceiver and controls the
transmission of air-to-ground digital messages. In one mode of operation ,
the system will transmi t messages when the need arises and it determines
that the ACARS radio frequency channel is free of other traffic. In another
mode of operation ,it will transmit only in response to a message or po11 from •
the ground containing the coded address of the aircraft in which it is in-
stal led.

The control unit (CU) interfaces the pilot with the ACARS system. The
CU supplies the facilities necessary for the pilot to enter data on departure ,
arrival, fuel consumption , and estimated time of arrival and the code desi gna-
tion of those wi th whom he desires to conrunicate . Al though ACARS technology -

has been available for over a decade and has been promoted by Aeronautical
Radio, Inc.(AR INC), it has only recently been implemented . Implementation has
been slow because potential users have not been convinced that the savings
provided by the system will be greater than the cost. The basic unit costs
about $5 ,000 per aircraft and interfaces with existing VHF transce ivers .

3.3.6.2 Discrete Address Beacon System

The Discre te Address Beacon System ( DABS) i s be ing developed as part of
a more efficient ATC System. When fully developed , DABS wil l
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1. Improve the accuracy and reliability of the ATC surveillance systems.

2. Provide a digital air-ground data link for the Automatic Traffic
Advisory and Resolution Service (ATARS) and other ATC functions.

3. Eliminate the usynchronous gamble ’ front the present Air Traffic
Control Radar Beacon System (ATCRBS). The garble is caused by
overlapping replies from multiple aircraft in close proximity.
With DABS each aircraft will respond only when addressed .

A study (ref 45) has shown that DABS should be able to handle even the
highest aircraft density predicted for 1995. By the mid 1990’s , ATC could
use DABS for all of its contacts with airplanes and let the airline companies
have exclusive use of the VHF/UHF band , including voice and the ACARS data link.

When fully implemented , DABS will convey the following types of information
data between aircraft and the air traffic control system:

1. Clearances ,

2. Runway surface winds (wind shear , wake vortex),

3. Weather info rmation ,

4. Minimum safe altitude warning,

5. Confirmation of assigned altitude ,

6. Automated Terminal Information Services (ATIS),

7. Runway visual range ,

8. Holding instructions ,

9. Approach and departure clearance ,

10. Conflict alert and resolution instructions , and
11. Instructions as to proper heading , speed , altitude , and the time to

execute the ATC instructions.

All of these instructions will be displayed on an electronic display with
appropriate aural messages or warnings . The availabili ty of the digital data
link will allow properly equipped aircraft to be under fully automatic control
from takeoff through landing, although the safety and reliability of such
fully automated systems will have to be proved beyond doubt before being
implemented by air carriers .
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Some of the subsystems that will provide the necessary data to make DABS
effective are

P . NWS/FAA . The National Weather Service in conjunction with FAA is
developing a weather observation System that will provide a two-hour , short-

- range thunderstorm forecast and a zero to four-hour aviation weather forecast
plan .

2. ATARS. The Automatic Traffic Advisory and Resolution Service system
is a ground based collision avoidance system. ATARS is desi gned to improve
safety by eliminating both midair collisions and near misses between all
aircraft equipped with altitude reporting transponders (DABS or ATCRBS).
Although ATARS is designed to alert the pilot and to give details about
potential aircraft conflicts , it would be possible to use ATARS to maneuver
aircraft automatically if a potential conflict persists or worsens .

3. BCAS . The Beacon Collision Avoidance System acts as an airborne
interrogator, which obtains information on altitude and range from other
aircraft employing DABS transponders. A GAS display gives pilots the necessary
information to avoid conflicts . BCAS and ATARS interface protocols will have
to be resolved to prevent possible operational conflicts.

4. NADIN. The National Air Data Interchange Network provides non-
critical flight plan data between air traffic control centers over leased
telephone lines . Although not directly associated with DABS , NADIN does
provide useful supplementary information for the ATC system.

Synchro—DABS is an extension of the basic DABS system in which all aircraft
are tracked in range and the time of interrogation from the ground adjusted so
that all aircraft receive their interrogation at the same time . Each aircraft

— 
can use the reply from other aircraft to determine the relative bearing,
identity , and altitude for all nearby properly equipped aircraft. Proximity
warning indicators (PWI) and collision avoidance systems (CAS) can be incor-
porated with Synchro-IPABS.

3.3.6.3 Long—Range Projections

The introduction of the new digital electronics in aircraft commiunications
represents a quantum jump in potential capability for information transfer
compared to the present voice links. Large satellites weighing several tons
will be in geosynchronous orbit by the 1990’s. These satellites operating
in the 12-19 GH and 20-30 GH range will allow additional channel capacity to
be allocated to the airlines and the ATC system.

Other opportunities for conrnunication services include :

1. Onboard radio telephone service for public use.

2. Some instructions and replies between ground and air which will be
t transmitted by alphanumerics but received as an aural and/or visual
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message with resultant better comunication between recei ver and
sender.

3. Vocoders, which synthesize speech without attempting to preserve the
ori ginal voice waveform.

4. Computers that will respond to voice coninands , easing the workload
for pilots and the air traffic controllers .
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CHA PT ER 4

THE 1995-2000 AVIONICS SYSTEM

4.1 Introduction

In the earlier chapters , the goals of avionics were identified , two pos-
sible scenarios for the 1995-2000 environment were developed , and various
avionics technolog ies which will be available in this time frame were descri bed . -

In this chapter , an anticipated avionics system for the years 1995-2000 is
derived.

The proposed system takes account of the goals of avionics specified in
Chapter 1 , as well as the technologies discussed in Chapter 3. As detailed
in Chapter 1 , the principal goals of avionics technolog ies are safety ,
efficient transportation , environmentally acceptable transportation , and
productive transportation. Efficient and productive transportation can be
viewed as improving the economics and capacity constraints of the air transport
system. Each of the technologies described in Chapter 3 produces benefits in
one or more of these areas. Some, however , may have accompanying disbenefits.
In developing an integrated avionics system , attention must be paid to the
al ove factors as wel l as the overall environment for this time period . The
proposed system is predicated on the mainline scenario of Chapter 2. The
impact of the alternative scenario is also discussed.

The anticipated avionics system represents the Fel l ows ’ best guess as to
what will be operational in 1995-2000. It does not, therefore , present what
we might consider an “optimal” avionics system, but rather a view as to which
avionics technologies are most likely to be operational.

This chapter is divided into eight sections. The next five sections cover
the four technology areas developed in Chapter 3 as well as the air traffic
control system. Each section describes the technologies in those areas which

• will become operational and the reason for these selections. These reasons
vary from necessity to political expediency . Section 4.7 contains a descrip-
tion of how the avionics system would be affected if the alternative rather
than the mainline scenario came to pass. Finally, section 4.8 presents a
sumary of the anticipated avionics system for 1995-2000 assuming the mainline
scenario.

In developing the anticipated avionics system , an integrated viewpoint was
taken , noting that many of the avionics technologies impact each other as well
as the entire air transport system. A complete exposition of anticipated
avionics system impacts is detailed in the following chapter.
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4.2 Navigation and Guidance

As discussed in Chapter 3, the princi pal role of navigation and guidance
technologies is to aid pil ots and aircraft in traversing the airspace between
their point of origin and destination . While there are several types of avionics -

equipment participating in this process , the principal systems currently in use I

are VOR / DME for fli ght over the Continental United States (CONUS) and OMEGA and
INS for transoceanic flight. LORAN-A , which had also been used for transoceanic
flights , was recently phased out. Developments over the next fifteen years
wi ll include an upgrading of current systems and introduction of enhanced
technologies such as GPS and RNAV. Further navi gation improvements will be - 

-

possible with availability of onboard weather information.

One of the most ambitious navigation systems currently under development
is GPS. This system is being developed by the military and is currently planned
for its use only. While there are certain benefits to the civil aviation
community , principally in terms of accuracy and cost , the greatest question - 1 -
with regard to GPS is availability . Pressure to gain access to the system could 

-

come from both the aviation and shipping communities. However , the degree of
pressure that these communities exert is not great because of the availability
of reasonable alternative systems and reservations about relying on a mil itary 

-

controlled system. In particular , the airline industry is concerned about the
access to GPS during a national emergency and the cost of maintaining the
system -if the military should abandon it. Henc e, it seems reasonable to
expect the military to persist -in their demands for a restricted GPS system.
The military advocates have little to gain from civil ian access but could
lose much in terms of security . The military could also use the restricted
system as a trump card , agreeing to allow civilian access in exchange for
financing of a more advanced system in the future .

Domestic fli ghts currently have adequate navigation and guidance capa-
• bilities via VOR/DME. This will be further enhanced by not only more and

better VOR/DME transmitters but also RNAV . RNAV , currently available on top of
the line GA aircraft , will become standard on all commercial and most GA air-
craft. This is because of potential fuel savings from the inexpensive system.
Even if GPS were available to the civilian sector, VOR/DME would continue to
serve a large sector of the commercial and GA community as little retrofitting
would be expected. Some airplanes ,bui lt after civilian access is allowed for
GPS , would most likely utilize this technique as the onboard equipment required
is certainly cost competitive with existing navi gation systems.

The greatest potential benefit from GPS will accrue to transoceanic navi-
gation . Current systems available for this are OMEGA and INS. There is some
question concerning the future usefulness of OMEGA because of a problem wi th
shadowing. It appears that the airlines are using OMEGA as a replacement for
LORAN-A in older jets for which an INS system would not be cost effective. It
seems reasona b le , there fore , to expect that the OMEGA system will over the next
fifteen years be either elimi nated or severely limited .

LORAN-C, like OMEGA , is a radio based navi gation system. While it is
currently used for ship navigation , the system does have the potential for
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adoption in civil air navigation However, for such a system to be useful
for transoceanic navigation , the operational range of the LORAN C stations
will have to increase substantially beyond their current range of 1000 miles .
Present-day cost estimates for LORAN-C navigation equipment make it reason-
ably affordable for use by commercial and hi gher priced GA aircraft .

INS is currently the transoceanic navigation system preferred by most U.S.
- overseas carriers . The principa l detraction of INS is expense. Today ’s IN S
systems cost on the order of several hundred thousand dollars. Airlines

- accept this expense in order to have a self reliant , accurate , and reliable
onboard navigation system. While there are some drifting problems with INS -

requiring correction every several hours , this is not a significant detriment
to performance. Future developments of this system, such as the advent of
laser gyros, should further reduce the cost of INS and thereby increase its
relative attractiveness. Eventually, it is anticipated that automatic correc- 

-

tion of gyro drift can be accomplished through reference updates on a radio
system suc h as OME GA.

While weather information equipment is not properly a navigation system,
such data pl ays an important role in navi gation . Advances in onboard weather
radar systems as well as more accurate weather information via ground trans-
mission should enhance the navigation process. Improvements in weather
predicti on models as well as a broadening o-f the scope of current weather col-
lection should make real-time weather information accessible to the pilot by
1995-2000.

4.3 Integrated Flight Display

Fli ght deck instrumentation has evolved as a result of increased experi-
ence in manned flight processes and has been implemented in an “add-on ” manner
as the growing complexities of flight demanded that the pilot have more data
available at required times. The result of this “add-on ” approach is a cockpit
which is cluttered with electromechanical indicators , the majority of which
are dedicated to monitoring single system functions. In round numbers , it has
been estimated that the captain and co-pilot ’s panel in a contemporary large

• transport aircraft contain instrumentation that gives sixty bits of information
-in addition to sixty flags and annunciators .

Such an arrangement which requires the pilot to integrate various discrete
data is inefficient and adds to the workload and stress level of the crew.
This situation is likely to worsen in the near future . Additional modifications
to the airframe and to operation procedures necessitated by more demanding
noise regulations , the need to conserve fuel , and the need to fly under more
severe weather conditions will require even more complex data . Therefore, a
number of aviation experts have stressed the need for redesigning the tradi-
tional cockpit, making use of advanced avionics systems to provide integrated
da ta dis pla ys on fl i ght decks of future aircraft.
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Increasing knowl edge in the field of human factors research and dramatic
developments in electronics technology have combined to allow great advance-
ments in the man/machIne interface of the future cockpit. While an exact
blueprint for future fl i ght deck instrumentat ion cannot be given at the present
time , any cockpit reconfiguration for the time period of 1995-2000 will have to
satisfy certain basic needs . These include a reduction in pilot workload
through information integration , an increase in reliability through functional
redundancy , easier pilot interface with the aircraft and with ground control ,
and provision for system fl exibility .

The man/machine interface is crucial in the design of the future fl ight
decks. Crew station technology for the 1995-2000 period will maximize crew
effectiveness and minimize confusion and clutter which increase human error
in piloting functions. There will also be a reduction in the number of dedi- -

cated electromechanica l devices as well as the area required to display these
data. Some specific concepts which will be incorporated include an EADI , an
EMS!, a Navigation and Control Display Unit (NCDU), a Heads-tip Display (HUD),
a Systems Status/Alert Annunciator , a Weather/Terrain Image Display , a Systems
Management Displ ay ( SMO), and an Engine Management Display ( EMD). These devices
may be even further refined to include electronic map display with touch-
sensitive overl ay, multi-dimensional keyboards , and a voice feedback which will
verbally repeat keyboard entries. There is even some indication that a pair
of multipurpose flat panel displays can replace all primary instrumentation .

A fully reconfigured fli ght deck will place all controls and displ ays
within the reach and view of two pilots , thus eliminating the need for the
fl ight engineer. Despite strong opposition by the International Federation
of Airline Pilots , this two person crew configuration will become standard
in the cockpit of the 1995-2000 aviation environment.

There are a number of U.S. and foreign programs currently underway which
examine the potential of reconfigured cockpit display panels. The results of
these studies indicate that as many as seven and as few as two CR1 displays
will be incorporated in the large commercial air transport fl ight deck of the
future. These CRT ’s will display information on fl ight, engine , and systems
functions and management. Of these possible CR1 displays , the Electronic
Altitude Direction Indicator , the Electronic Horizontal Situation Indicator
and the Navi gation Control and Displ ay Unit are crucial for the future aviation
system since they provide the instrumentation capabilities necessary for the
sophisticated flight management required by 4-D navigation and MIS. Older
commercial aircraft which expect to fly into airports requiring 4-0 NAV and MLS

• will have to be retrofitted with compatible technical capabilities.

Cathode ray tubes have dominated flat surface cockpit display research
and implementation because they represent a mature technology with a long
history of commercial and industrial util ization . They are currently in
place on many Department of Defense ( DOD) aircraft and are being incorporated
into designs for future commercial air transports manufactured by major domestic
and foreign airframers. Certain negative characte ristics of CRT ’s have prompted
research in alternative modes of flat panel display . Feasible candidate tech-
nology in this area include liquid crystals , el ectro l um inescence , li ght emitting
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diodes , and plasma panels. However , of these four , only the last has actually
reached the stage of implementation . In addition , CR1 technology is being
refined and improved for cockpit use. Therefore , it is unlikely that by the
1995-2000 time frame CRT ’s will have been significan tly replaced by any of the
candidate technologies .

Much of the postulated flight deck instrumentation integration for 1995-
2000 is made possible by fairly recent electronics advancements. Di gital
avionics are increasingly applied in aviation systems ; and , if the present
trend continues , future aircraft will incorporate avionics which are almost
exclusively digital in nature . This , in conjunction with improved computer
architecture and improved software reliability , will enhance integration

- efforts. Increasing implementation of microcomputers , micr op rocessors , data- -

busses , and fiber optics will also aid in the design feasibility of the
reconfigured cockpit.

Integrated flight display capability has definite benefits for GA opera-
tions , especially in single pilot aircraft during instrument flight rules (IFR)
where the workload becomes heavy or in such high workload situations as crop
dusting. The single most important factor in equipping GA aircraft with
integrated flight data displays is affordability. Some relatively inexpensive
items are presently on the market , with more expected in the future . In 1995-
2000, it is believed that high cost GA aircraft will probably be equipped wi th
instrumentation in every way as sophisticated as the commercial air transport .
Less expensive GA aircraft , however, will still depend upon dedicated electro-
mechanical instrumentation for a substantial amount of their flight data.

4.4 Communication

Aviation communication entails the exchange of information between the
aircraft and its external environment. The environment includes not only
terrestrial communications but also inter—aircraft conuiiunications.

The predominant mode of communications has historically been VHF , UHF ,
and HF voice telecommunications . During the 1995-2000 time frame , howev er ,
advanced avionics technologies will rely on the integrated use of a vast amount
of aviation information . In order to make this information available , the
present communication system will have to undergo a transition from the current
voi ce-oriented system to that of an electronic system from which the desired
information may be selectively chosen. In order to exchange this information ,
the communication system will rely on a digital data link.

To exchange the required amount of data between the aircraft and the
ground , the Discrete Address Beacon System (DABS) wi ll be used . DABS provides
a digital data link between the aircraft and ATC capable of satisfying the
communication needs expressed above . Initially, the DABS data link can be
used as a parallel with voice communication to relieve frequency congestion and
reduce pilot and controller workload. Ultimately, the DABS data link wi l l
replace roost vo ice commun ication and increase the automation potential of the
ATC system . A gradual transition from a voice-oriented to a data-link-
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oriented information system would create no significant disadvantage to
aviation users , and yet, woul d prov ide man y advan tages.

DABS is currently under development by the FAA , which is pl anning to con-
vert the current Air Traffic Control Radar Beacon System (ATCRBS) to DABS.
Evolution from the present ATCRBS to DABS requires that present transponders
be replaced with DABS transponders at a cost acceptable to aircraft owners .
DABS offers substantial benefits through reducing the amount of voice communi-
cation between the controller and the pilo t. Obviously, voice communication
will still be necessary to provide information to aircraft not equipped to
take full advantage of these data link services.

The Automatic Communications Addressing and Reporting System (ACARS) is
intended for use in conjunction with existing airborne radio equipment to
enhance the effectiveness of operational contro l communications. The system
provides commercial aviation with a means of monitoring aircraft location and
perfo rmance . Although ACARS technology has been available for over a decade ,
few airl i nes adopted the system. The majority were unconvinced that the
savings derived from its use would be greater than the cost of implementing it.
However , further adoption can be expected in the future since it now appears
that users are deriving substantial benefits by monitoring their aircraft with
ACARS . DABS and ACARS will both be operational systems in 1995-2000. DABS is
used to provide ATC with information , whereas ACARS provides the airlines with -: 

-

data about their airplanes .

Communications with mobile terminals over wide areas represent a serv ice - 

-
-

that could be provided by satellites. Communications with aircraft have been - -

provided by HF radio. This , however , is narrow banded and subject to static
which results from thunderstorms and ionospheric disturbances. Satellite
communications offer a clear technical advantage that has been demonstrated
experimentally and operationally. At one time , aviation had available an
experimental satellite telecommunication system known as Aerosat. However,
this system was terminated because of high costs. While it is possible that the - 

-• cost of the system could be reduced if the Aerosat transponder were incorporated
into a large satellite in geostationary orbit , it does not appear that satellite
commun ica tions wi ll be use d in the 1995-2000 period.

4.5 Attitude and Thrust Control

The purpose of attitude and thrust control avionics technolog ies is to• aid the pilot both in maintaining the proper orientation of the aircraft with
respect to the earth and in adjusting engine throttle settings so as to
require minimum fuel usage. Since most of these functions have been cable
controlled in the past and are now becoming electronicaUy controlled , they are
referred to as the fly-by-wire capabilities of the aircraft .

Al though fly—by-wi re technology is currently available , its incorporation
in new designs has been limited because of lack of confidence by pilots.
Until the rel iability of the avionics is proven to be as good as or better
than the older cable system , pilots will be reluctant to accept a total
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fly-by-wi re aircraft. Even with these shortcomings , it is considered likely
that new commercial and higher priced GA aircraft will have a greatly increased
fly-by-wire capability because of the potential benefits in weight reduction

— and riultiple redundancy of contro l systems . As a result of the high cost of
such technologies , however , little fly-by-wire capability will be used by the
lower priced , smaller GA aircraft .

The complexity of operation for the larger 1995-2000 aircraft wil l be
substantially greater than that of today because of advancements of technolog ies
in the fields of navigation , guidance , commun ica tions , and control . To assist
in piloting such aircraft , a flight management and control computer will be
installed on virtually all new commercial airl ines aircraft as well as higher
priced GA aircraft . This type of computer will rely almost totally on digital
electronics , with particular emphasis on the digital data bus. Limi ted retro-
fitting of older commercial aircraft will also occur.

By 1995-2000, the “strapdown ” gyroscopic units used today to control roll ,
pitch , and yaw may be replaced by an inertial gyroscopic platform, particularly
for transoceanic fl ights. The problems of gyroscopic drift will be resolved
by technological improvements. Hence, the inertial gyroscopic platform will ~

- -

provide exceptional accuracy as well as the threshold required for an optima l
attitude confi guration. This will result in minimal drag and maximized
energy management. The instantaneous determination of heading will emanate
from the azimuthal gyroscope , a component of the inertial platform . To
maximize effectiveness, the inertial platform will be used in conjunction with
a suitable transoceanic radio system or the Global Positioning System , should
this technology become available to the civil sector. The cost of this type
of gyroscopic system will deter its use , particularly over land where VOR/OME
will be availabl e and compatible with today ’ s “strapdown ” units .

Active controls have the potential of improving aircraft performance and
reducing operating costs. These systems will , by necessity , be part of the
overall aircraft design . By 1995-2000 non flight-critical active controls ,
such as gust loa d a l lev iation , maneuver load alleviation , ride control , and
fatigue reduction will be most likely to appear on new commercial airlines
aircraft and large GA aircraft. Fl i ght-critical active controls , suc h as
those allowing a large reduction in static stability margin or fl utter mode
suppression below dive speed , will not be incorporated , except possibly on
military aircraft , because of catastrophic effects if system failure occurs .
As a resul t of the cost an d , in man y cases , lack of nee d , most active controls
will not appear on smaller , lower-priced GA aircraft .

The need to reduce fuel usage will be paramount in 1995-2000 . To assist
in this goal, automatic thrust control systems will be utilized on comercial
air transports as wel l as on the higher priced GA aircraft . This system will
electronically control aircraft speed and engine thrust by considering fl ight
para meters such as cru ise al titude , length of trip, and duration of climbout
and descent. The heart of the system controls will be a thrust management com-
puter , which will drastically reduce the role played by the pilot and insure
mi n imum fuel usa ge , thus reducing direct operating costs.
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Much of the above avionics dealing wi th attitude and thrust control wil l
be an integrated part of the aircraft , not just another add-on . In general ,
previously added on items will be either integrated into the system or dis-
carded.

4.6 Air Traffic Contro l

Integrated contro l capability provides a means by which aircraft can make
a transition from the airspace to the ground. There are several types of
avionics equipment currently available and proposed to aid in this function.
They all impact what is commonly known as the air traffic control (ATC) system.

The current ATC system can best be characterized as a sharing of responsi-
bility between the pilot and ground controller. It has evolved gradually over
the past forty years in response to technolog ical advances as well as increases
in airspace utilization. Its prima ry function is to maintain the safety of
the airspace , a feat at which it has excelled . The job , however , will become
increasingly more difficult as the airs pace becomes more crowded because of
future air traffic growth. Additional considerations , such as aircraft fuel
usa ge, will play an increasing role in determining ATC policies.

As a result of the above factors, ATC will become more heavily dependent
on electronic computers and automatic control systems. Some of the control
presently exercised by the pilot will be subsumed by the air traffic controller. -

In turn, the air traffic controller will come to rely more heavily upon com-
puter based al gorithms for sequencing and scheduling of aircraft .

The principal avionics components of today ’s ATC are ground based radar , 
-

ILS , electronic computers , and onboard transponders . Human interaction plays
a predominant role wi th information being exchanged between pilot and ground —

controller via voice communications. Collision avoidance is principally the
responsibility of the pilot. In certain designated areas known as terminal
control areas (TCA) and in terminal service radar areas (TSRA) during incle-
ment weather conditions , the ground control l er plays a more important role.

In TCA ’s, aircraft must be equipped with suitable avionics to enable the
ground controller to perfo rm this function. In Group I TCA ’ s , currently
numbering nine, aircraft must have a mode C transponder , two way radio , and
VOR ca pa bi l ity . In Grou p II  TCA ’s, currently numbering twel ve , similar
equipment is required ; however , the transponder does not have to have mode C
capability . Flight into a TSRA during IFR conditions requires the aircraft to
be equipped wi th the capability of following a radio beacon signal such as ILS.

The growth in air traffic will make it increasingly more difficult for ATC
to maintain the current safety environment. In order to insure an acceptable
level of safety, advances in tracking, landing systems , communications, and
computational equipment must be forthcoming. Systems currently under develop-
ment to meet these demands in 1995-2000 are MLS, 40 RNAV , Wa ke Vor tex Detection
an d Allevia ti on , DABS , and CAS. Additional work is also being undertaken to
develop the appropriate software required to fully utilize these systems .
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Current computer hardware capabilities should be adequate for such an advanced
air traffic control system; however , it is reasonable to expect substantially
more powerful computers will be available in the future .

Advances made in the field of radar during the past forty years are ex-
pected to continue. These advances should result in improved information
through more complete coverage, less interference, and better displ ay presenta-
tion. There are currently approximately 14 ,500 airports in the U.S. of which
1 ,537 have some form of radar service and 428 have FAA control towers.

The most advanced radar system currently in operation is ARTS III. This
system utilizes both secondary radar (ATCRBS) and a computer to supply air
traffic control not only with aircraft location but also with altitude for
those planes equipped with a mode C transponder. As air traffic at existing
airports continues to grow , it is reasonable to expect additional airports
to gain both prima ry and secondary radar capability and to see an enhancement
of current radar technology at many other airports. A substantially larger
percentage of GA aircraft will be equipped with transponders and other required
avionics systems to enable appropriate radar tracking.

In general , most aircraft landings rely on visual control by the pilot.
During times of poor visibility , such control is impossible and the pilot must
rely on radio electronics to supply him with a landing path . The prin cipal
system in the United States today for accompli shing this is ILS. The system
is currently in operation at approximately 660 runways in 400 airports . By
ICAO agreement , the United States is committed to maintaining the ILS system
until at least 1985.

One alternative to the present day ILS system currently under development
is NLS. This system has been approved by ICAO as the eventual successor
technology to IIS. MLS has several operational advantages over ILS. For
example , Aspen , Co lora do , which is surrounded by mountains which make an ILS
system inoperational , is currently installing a MLS system. The ability to
make curved descents can result in some improvement in terminal noise pollution
and has the potential of increasing air traffic throughput over that available
using ILS. To exploit this latter potential , howev er , appropriate air traffic
control systems must also be developed . MLS also provides increased reliability
and capabilities over an u S  system.

While the advantages of MLS are substantial , it remains questionable
whether these benefits outwei gh the cost of the system . Adoption of an MIS
system not only requires new ground equipment but also new aircra ft equipment.
It seenis reasonable to expect ~1LS systems wi l l  be in operation at a number of
airports in the U.S. by 1 995-2000. These will principally be larger airports
for wh ich traffic densities warrant the investment as well as airports for
which MLS is the most prac ti ca l system because of terrain constraints. Because
MLS is recognized worldwide as the “American ” system , there may be some politi-
cal pressure favoring MLS. Some airports which currently do not have ILS may
adopt MLS systems because of this pressure . Al so, for this reason a small
number of airports currently equipped with ILS may convert to MLS. During the

• next twenty years , it is expected that additional ILS systems wil l also be

89

- - 

~~~~~~~~~~ ~~~~~ ~~~~~~~ t ~~~~~~~~~~~~~~~~~~~~~~~~~ 



- - - 
- - 

installed. ILS w i l l  remain the predominant system for instrument landing L
during this period because of the large current investment in such systems ,
both on aircraft and on the ground. It is anticipated that nearly all MIS
systems installed before 2000 will be ILS compatible.

4-0 navigation will most likely become operationally available in the
early 1990 ’s. This system will allow for increased throughput of planes in
the terminal area because of precise specification of both location and time .
The system will most likely require an onboard computer , air- to-ground data
link , and suitable cockpit display equipment. New systems al gorithms will be
necessary for the ATC to optimally sequence and schedule aircraft . Because
much of this development work must be carried out under government sponsorship,
the date of actual introduction of the system will be a function of govern-
mental priorities.

It seems likely that major airports will require 4-0 navigation in order
to meet the increased traffic demands. At these airports , some form of segre-
gation between general and con~nercial aviation will also probably be required.
This is principally because only a linii ted number of GA aircraft will initially
be equipped with this system. The segregation could range from a spatial
separation , dedicated runways , to a tempora l separation , reserved landing times,
or even to a complete ban on GA. The degree of segregation will depend on
traffic growth as well as political pressures. A complete ban on GA at major
airports in the 1995-2000 time frame is a remote possibility at best. It is
expected that an increase in landing fee costs will also serve to substantially
l imit the amount of GA traffic at these airports.

The extent of improvements in capacity available with 4-D RNAV will by
necessity be somewhat restricted in the 1995-2000 time frame. This will be
due to both a limited participation 0-f aircraft in the system as well as to
the limited development of optima l contro l algorithms for this system. While
MLS has the potential of increasing the throughput of a 4-D RNAV system , i t
is questionable whether the system can be designed to fully exploit this
potential within the stated tinie frame. Utilizing MIS with 4-0 RNAV will , how-
ever , provide a safer operating environment over that obtained through IIS.

4—D navigation ’s ability to increase traffic capacity is further enhanced
by wake vortex alleviation systems. These systems are currently in the experi-
mental stage, and it is unclear whether such a technology will be feasible
by 1995-2000. Essential to such a system is the ability to perform wake vortex

• detection . Detection alone would be of substantial benefit to the ATC system
in terms of increasing throughput capacity . It seems likely that some form of
elementary wake vortex detection will be available at major airports by
1995-2000 and will be integrated into the 4-D navigation system.

Additional gains in efficiency can be obtained through an effective
information exchange between ATC centers. Aircraft delayed while on the
ground rather than in fl ight due to terminal congestion result in decreased
fuel usage. An expansion of the current capabilities of the NADIN system will
enable such an info rmation exchange.
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Collision avoidance systems have been on the drawing boards for the past
forty years. The principal motivation for such systems is that of safety . The
major deterrent to the systems has been the issue of cost. Functionally,
coninerc ial aircraft safety has been superior to that of any other means of
travel . While the safety record for GA has not fared as well , it is still com-
parable to alternative transport technologies. As the amount of genera l
aviation traffic grows, it is expected that the overall safety record of air
travel will show a slight degradation . This may , in turn , result in some
additional polit ical pressures towards improved collision avoidance systems .

A number of different collision avoidance systems are currently under
development. These include Honeywell AVOIDS , MIT Intermittent Positive Control ,
McDonne ll Douglas EROS , RCA SECANT , and I i t c h f o r d  Semiactive BCAS . The pr inci-r pal difference between these systei~c is in the amount of supplemental informa-
tion required from a source external to the aircraft . The advent of DABS
should enable the effective transmission of this information , however obvious

F reliability problems will still remain. Cost plays a major ~- -le in system
evaluation. All systems will require substantial expenditu~ by the airline
companies and GA aircraft owners. Total system costs would approach $1 billion.

it is believed that unless there is a substantial increase in the number
of midair col lisions ,an onboard collision avoidance system will not be
operational by 1995-2000 . It does seem likely, however , that improvements in
collision avoidance capabilities will be obtained in the terminal area through
improvements in the ATC system .

Finally, it is believed that complete responsibility for the entire fli ght
will remain vested in the pilot. While he will rely on information supplied ,
either verbally or via data link from ATC , control of the aircraft will continue
to be in the pilot ’s domain. In no instance will ATC have any active airborne
control of civil aircraft .

4.7 The 1995-2000 Av ionics System Under the Al ternative Scenari o

This section discusses the anticipated avionics system for 1995-2000 under
the a lternative or no growth scenario. In this case , traffic demands wi l l
remain at today ’s level , thereby alleviating the need for increased system
capacity . Hence , avionics technolog ies which have as their principal benefit
the potential for an increase in system capacity will , in genera l , not become
operational by 1995-2000. Safety, economics , and environmental factors,
however , will continue to be the major goals of avionics.

It is anticipated that the alternative scenario will result in a slow-
down in the implementation of avionics as compared with that achievable under
the mainline scenario. This is because of a decrease in aircraft demand , as
planes will only be r~quired for replacement purposes in the U.S. market or to
satisfy international demand. The decrease in demand will be accompanied by
increased aircraft costs , thus slowing development of new aircraft . While
derivative aircraft will continue to be developed , the pace of such development ,
as well as the likelihood of new generation aircraft , will be reduced .
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Hence, avionics systems which are required to be integrated into the aircraft
design , rather than simply being add on in nature , will be less likely to be-
come available.

In navigation and guidance , the impact of almost all technolog ies is
prin cipally on the economics of air transport. Furthermore , these systems are
basically add on ’s in nature or can easily be incorporated into derivative
aircraft design. Hence , the avionics used for navi gation and guidance wi l l
generally be the same as that used under the mainline scenario .

The likelihood of GPS being made availabe to the civil aviation community
will be even less than that under the ma inline scenario. This is because the
accuracy provi ded by this system would not be required in order to increase
system capacity .

Integrated fli ght displays primarily impact on the economics of air trans-
port also. These, however , are not by nature add on devices , but rather usually
part of an overall cockpit design .

Under the alternative scenario , the degree of utilization of integrated
f light displays wi l l  be less than under the mainline scenario. Use of displays
wh ich aid in the terminal flight phase and those relating to active controls
will be reduced . The decreased development rate of new aircraft will also
resul t in a decrease in the amount of integrated flight display equipment on-
board the aircraft . Despite these factors , however , the amount of inte grated
display equipment and the util ization of CR1 type devices will still increase
substantially over today ’s levels. This will be due to decreased manufacturing
cos ts , easier maintainability , and improvements in aircraft operations afford-
able by such systems. The two person flight crew will also become standard
under the alternative scenario.

In the area of communicat ion, avi onics deve lopment under the alternative
scenario will parallel the mainline scenario . While DABS has si gnificant
benefits in increasing system capacity , it also has substantia~ safety as wellas econ omic benefits. It can be easily retrofitted onto existing aircraft.
These factors wi l l  insure the adoption of DABS. Economic benefits %-Iill serve
to motivate an increased use of ACARS .

Att itude and thrust controls affect the economics and comfort of fl i ght
and allow some environmental improvements. While some technologies in this
area lend themselves to retrofitting , many others must be integrated into the
aircraft design . Hence , a decrease in new aircra ft development will result in
a decreased use of integrated attitude and thrust control technologies .

Fly-by-wire , di gita l data bus , and fl ight critical active control tech-
nologies will be utilized to a lesser extent under the alternative scenario
due to the integrated nature of such equipment. Technologies such as auto-
niatic thrust control , the fli ght management computer , and inertial gyroscopic
platforms will probably be implemented to the same degree under both scenarios .
This is because of the ease o-f incorporating these features into derivative air-
craft design or adding them onto existing aircraft . The principa l impetus for
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the adopt ion of these techno logies wi l l  be economic considerations.

The al ternat ive scenario wi l l  result in a slower evolution of the air
traff ic contro l system than unde r the mainline scenario. As the number of
plane s in t ue air wi l l  remain vir tual ly unchanged from today ’ s leve ls , there
will be no need to accomodate an increase in systems capacity . Rather, the AIC
advances wi ll be geared toward increasing safety and making the system function
more economically.

The degree of adoption of MLS will be severely limited . Only ~ smal l
number of airports , principally those with terrain constraints or with heavy
traffic demands ,will utilize this system. Radar will continue to improve ,
however probab ly not to the extent under the mainline scenari o . Because of
safety concerns , the number of TCA ’ s as well as the number of airports utilizing
IIS will increase . This increase , however , wil l  not be as great as under the
ma inline scenario.

The deve lopment of 4-0 RNAV wi l l  be impeded and will most likely not be
available in this time frame. Rather , improvements in metering and spacing
techni ques will serve as a means of reducing unnecessary fuel consumption and
air pollution , and increasing safety . The air traffic control system will come
to rely heavil y on computer based algorithms , but these systems wi l l  not be as
sophisticated as those whic h would be developed under the mainline scenario.
Se gregat ion of genera l and commerc ia l aircraft  at a irports w il l probably ~ot
progress beyond today ’ s levels. Coll ision avoidance wil l  still be restricted
to the terminal area and will be a function of ATC. Again , the sophistication
of this system will be lower than that achieved under the ma inline scenario.

The above descript ion contains r~r best guess as to what avionics system
wou ld be most probab le under the alternative scenario. As can be seen from
the above , many of the avion ics technologies wil l  be in place regardless of
which scenar io comes to pass. The degree of adoption and acceptance wil l
depend upon the scenario which actual ly evolves.

4.8 Summary of the 1995-2000 Avionics System Under the Mainline Scenario

The following is a brief summa ry h i ghl i ghting the anticipated avionics
system for 1995-2000 under the assumptions stated for the mainline scenario.

4.8.1 Navigation and Guidance

1. There will be continued use of VOR/DME for domestic air transport
navigation .

2. There is a small likel i hood of GPS being made available for use by
the ci vil sector. If such a system were made available , its
utilization would not be widespread.
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3. New commercial aircraft will have CR1 type displays to supply highly
integrated flight i nformation to the pilot.

4. The amount of individualized displays on commercial aircraft will be
severely reduced as information is presented in a more integrated
fashion. These displays will rely primarily on digital electronics ,
with a small number being analo g in nature .

5. Two person crews will be standard on commercial air transports.

6. The degree of sophistication of the integrated flight display on
general aviation will primarily be a function of aircraft cost.
In general , individualized display will be the predominant means
of the pilot obtaining flight data .

4.8.2 INTEGRATED FLIGHT DISPLAY

1. All new commercial ai rcraft wi ll have CRT di splays required for MLS
4-D nav igation.

2. There will be a limited amount of commercial aircraft retrofitting
in order to provide them with the capability of flight into major
airports which required 4-D navigation and MLS . 7

3. New commercial aircraft will have CRT type displays to supply
highly integrated fl i ght information to the pilot.

4. The amount of individualized displays on commercial aircraft will be
severely reduced as i nformation is presented in a more integrated
fashion . These displays will rely primarily on digital electronics ,
with a small num ber being analo g in nature .

5. Two person crews will be standard on comercial air transports.

6. The degree of sophisticat ion of the i ntegrated fl ight di splay on
general aviation will primarily be a function of aircraft cost. In
general , indiv idualized display will be the predominant means of
the pilot obtain ing fli ght data.

4.8.3 Commun ications

1. All commercial aviation will be equipped with DABS.

2. Most new general aviation will be equipped with DABS and a sub-
stantial number of existing GA aircraft will be retrofitted to
accomodate the DABS.

3. The existing ARTS III system will be modified to incorporate enhanced
information availa ble through the DABS.
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4. ACARS~w i ll contInue to be adopted by coiiwnercial users .

S. Voice communication wil l continue to be an important mode of
coninunicating , espe cially for aircraft to aircraft .

4.8.4 Att itude and Thrust Control

1. A fli ght management and control computer will be installed on vir-
tua lly all new commercial airlines aircraft as well as on higher
priced GA aircraft.

2. The ‘strapdown ” gyroscopic units used today nay be replaced by an
inertial gyroscopic platform .

3. Non -flight critical active controls will be an integrated portion - -

of new conii~ercial airl i nes aircraft as well as large GA aircraft. . -

4. Automatic thrust control systems will be utilized on jet powered
aircraft.

4.8.5 Air Traffic Control 
‘

~~

1. There will be wider usage of better radar systems . The number of
primary and secondary radar installations will also increase.

2. u S  will remain the predominant system for ins~ru,iient landing. The
number of runways utilizing u S  will increase beyond today ’s level.

3. MLS will be used at major airports and those airports for which
terrain constraints dictate its usage .

4. 4-D RNAV will be required at some major airports during certain
times of the day or on certain runways.

5. There will be an increased use of both ILS and MLS at smaller
airports.

6. General aviation will increase its use of radio based landing
systems .

7. Spati al or tempora l segregation of general and coiiuiercial aviation
will be required at some major airports.

~~~. There will be elementary wake vortex detection systems at some
major airports.
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9. Ground controllers will become increasingly more rei jant on
computer based algorithms for optimally sequencing and scheduling
of aircraft.

10. There will be an increased ability for collision avoidance in areas
under ATC authority. This is because of better radar , computer
based track ing systems, DABS, and better onboard alerting systems
for pilots. Ai rcraft will not, however, be equipped with onboard .
collision avoidance systems.

11 . Aircraft control will remain in the pilot ’s domain.
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CHAPTER 5

IMPACTS

5.1 Introduction

Chapter 4 presented two predictions of the 1995-2000 avionics system based
upon the projected conditions of the mainline and alternative scenarios develop-
ed in Chapter 2. The present chapter investigates some of the i mpacts which
the avionics system of the post-1995 time period will have on five part i es of
interest. These are (1) Users (2) Personnel (3) Society (4) Industry , and
(5) Governmen t.

The impacts of an advanced avion i cs system on the user -- here defined
as the airline passenger -- are evaluated in terms of safety , cost, convenience ,
and comfort . The impacts of an advanced avionics system on personnel -- prin-
cipally the pilot and the air traffic controller -- are analyzed in terms of
the effects of increased automation on manpower assessments and human factors
issues. Societal impacts are examined with respect to effects on the environ-
ment , demographic behavior , and public attitudes and values . The i mpact of
implementation of an advanced avionics system on the aviation industry -- here
defined as airframers , aircraft component manufacturers (including computers
and avionics producers), and the airl ines -- are investigated with regard to
econom i c , legal , and regula tory considerations. Government cons id erati ons are
discussed with reference to the FAA ’s certifi cation procedures , the FAA regu-
latory function vested in the air traffic control system , and the environmental
policies of both the EPA and the FAA.

5.2 Users

5.2.1 Introduction

The average ai rl ine passenger i s relative ly ig noran t of the hardware i n
the aircraft on which he travels. His interests focus upon such things as safe

• arrival at his destination , cost of the ti cket, conven ience , and comfort . Wh i le
he can arti cula te hi s expectations of the air transport system, he is not likely,
unless consi dera ble consume r educat ion takes p lace , to demand that specific
hardware be employed. Airline passengers as users are highly impacted by
avionics implementation , but their input into major decisions concerning
av ionics implementation takes the indi rect form of reaction to changes in
safety, cost, conven ience , and comfort. Therefore, this section will address
those factors which can be expected to impact most directly upon these dimen-

• sions of public perception.
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5.2.2 Methodology

Exact quantative measures of avionics impacts as perceived by the air
transport passenger are difficult to produce . The methodology used in this
sect ion is to defi ne an ordi nal scale for eac h of the impac t areas and then to
est imate the level of impac t on these scales for eac h of four different cases
of avionics implementation and air traffic growth .

The scales used in the impact evalu ation are defined as follows :

SAFETY : Very Safe --the ratio of fatalities per revenue passen-
ger mile drops below that of the safest
year to date , and the statistical probabil-
ity of a fatal acc ident is extremely remote
(ref 1).

Safe --the ratio of fatalities per revenue passen-
ger mile is comparable to today ’s aviat ion
system; catastrophic airline disasters
occasionally occur and are given major
exposure in the medi a.

Unsafe --the ratio of fatalities per revenue passen- —

ger mile rises above that of the current
system , and is thus deemed unacceptable.

COST: Very Inexpensive --the price of air travel drops to the point
of mak ing it the mos t afforda ble from of
transportation available to the entire
populace.

Inexpensive --air travel is affordable for a larger por-
tion of the entire populace than is current-
ly the case.

• Affordable --air travel is affordable for the entire
middle class as defined in terms of dis-
posable personal i ncome.

Expensive --air travel is affordable for most of the
mi ddle class , but its cost is a major
consideration , caus ing it to be perceived
as a luxur y.

Very Expensive --air travel is not affordable for most of
the mi ddle class and is utilized only by
the business community and the tourist
el ite.
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CONV [NIENCE : Very Pleasing --the phases of the passenger ’s t l i ght ,
includ ing sCheduli nL; , routes , connecting
flights, l ayovers , and arriva l and
departure times , interface snx~othly wi th  no
problems .

Pleasi n~ —- the  phases of the passenger ’ s f l ight
interface in an expedient manner w ith o nly
minor hinderances.

Adequate — —the phases of the passonqo r ’ S f i i qht
interface , but there are occ asional major
problems such as dela~ ’d departures and
arr ivals , missed connections , long layovers ,
and the l ike.

~ildly Frustrating --the phases of the passenger ’ s t’light inter-
face , but difficulties in maintainin g fli ght
i t ineraries are likely to occur.

Very Frustrating --the phases of the passenger ’s fli ght do
not interface wi th  any degree of con sist t ” icv ,
and takeoff and landing times become an
appro ximation , ion q layovers are cou~wan
an~I schedules are adhered to with a 1 m u  ted
degree of predictabi l i ty .

COMFORT : Very Conufortabli’ --the individual passenger experiences no
significant discomfort in route. Seating
space is adequate even with high load
factors. The ride is smooth and there is
only minima l uneasiness during takeoff and
landing, oven in sovere weather cond it ions.

Comfortab le ——the individual passenger experiences only
inconsequential discomfort in route . He
arrives at his destination none-the-worse-
for-wear.

Acceptable --the ind ividual passenger experiences
discomfort during the flight because of
crowding , turbulence , abrupt aircraft
maneuvers , and the like. However, th is
wi l l  not be a deterent in his decision to
use the air transport system .

Uncomfortable --the individual passenger exper iences major
disco mfort during his flight and wi ll take
this into account when electing to use air
transportati on.
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Very Uncomfortable --the individual passenger experiences de-
grees of discomfort which approach his
level of tolerance. Crowding, air sick-
ness , and genera l stress fatigue are common
aspects of commercial air travel.

The middle term in each scale represents the mean value for that scale ;
that is, the terms preceding it define the range of positive impact within
that scale and the terms following it define the range of negative impact
within that scale.

In order to provide a basis of comparison for evaluating these areas of
impact , two states of avionics technology iniple inentat ion are hypothesized for
the year 1995. The first hypothesized situation posits that there is no
implementation of advanced avionics systems beyond the present-day , in-use
hardware . Piloting functions are accomplished in essentially the same manner
and with the same equipment as currently in place on domestically manufactured
airframes. In addition , air traffic contro l procedures and capabilities have
hypothetically rema i ned the same as present-day standards. The second hypothe-
sized situation assumes that the avioni cs systems discussed in Chapter 4 under
the mainline scenario have been brought on-line by the year 1995 and are func-
tional elements in the air transport system.

Placing both the “growth” and the “no growth” scenarios developed in
Chapter 2 under these two hypothetical states of avionics implementation pro-
duces four possible combinations: (a) the avionics system described in Chapter
4 and growth in aviation traffic, (b) no avionics beyond present day and growth
in aviation traffic , (c) the avionics system described in Chapter 4 and no
growth in aviation traffic , (d) no avion ics beyond present day and no growth
in aviation traffic (See Fig. 5—1). These four possibilities for the 1995
avionics/aviation environment can then be examined in order to generate impact
l evels for the four areas of assessment defined above .

5.2.3 Impact Assessments

5.2.3.1 Situation A

This section discusses the case of air traffic growth and the introduct ion
of advanced avionics.

5.2.3.1.1 Safety

Given the avionics capabilities discussed in Chapter 4, an increase in air
traffic of the magnitude projected by the mainline scenario for the year 1995
will produce an air transport system which is “safe” (See Fi g. 5-2).

The proposed MLS , 4-0 Nay system, fl i ght management computer , CRT integrated
displays , and DABS network will tend to improve the navi gati onal , coniiuunication ,
and control aspects of air safety, particu lary in the terminal area . However,
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the assumption that traffic growth will continue at an average annual rate in
the vicinity of 10 percent implies that many of today ’s larger airport facili - 

-

ties will be saturated. With the prospect of major new airport construction
being quite small and the expansion of most existing airports being almost
impossible , saturated airports will become more common . Spacing between air-
craft will be decreased in landing procedures in an effort to handle the
increased traffic. Stress and strain on air traffi c controllers will increase.
Fortunately, the probability of a mida ir collision will be no greater than
today , becauso these disadvantages of increased air traffic will be balanced
by the benefit- of advanced avionics.

5. 2.3. 1.2 Cost

Given the avionics capabilities discussed in Chapter 4. au increase in air
traffic of the magnitude projected by the mainline scenario for the year 1995 -

will produce an air transport system which is “affordable ’ on the cost scale
~ee Fig. 5-2).

The cost of installation , operation , and mainten~unce of the 1995 proposedavionics will be hi gh , but this will be balanced by reduced operating costs
m ade possible by the fact that many of these avionics reduce fuel consumption.
For example , automatic thrust contro l , in conjunction with the MLS and 4-0 Nay 

-
-

system , will allow a thrust idle descent from cruise altitude to landing, and -

active controls , such as manuever load alleviation , gust load alleviation ,
flutter mode suppression , and reduced static stability , will allow reduced
structural weight for aircraft.

5.2.3.1.3 Convenience

Given the avionics capabilities discussed in Chapter 4, an increase in air
traffic of the magnitude projected by the m nain li ne scenario for the year 1995

• will produce an air transport system which is “pleasing ” (See Fig. 5-2).

The use of the MLS and 4-D Nay systems will help insure adherence to the
scheduled departure and arriva l times. Moreover , with all-weather operations
possible , airport operations will be suspended less frequently. In addition ,
more fli ghts between cities will be possible , thus allowing the user greater
flexibility in choice of fl i ght time . -

5.2.3.1.4 Comfort

Given the avionics capabilities discussed in Chapter 4, an increase in a ir
traffic of the magnitude projected by the mainline scenario for the year 1995
will produce an air transport system which is “comfortable ” (See Fig. 5-2).

The use of active control s such as gust load alleviation and ride control
will reduce and perhaps eliminate the occasional bumpy ride now felt by passen-
gers when flying through turbulence . The use of thrust contro l , in conjunction
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av ion i cs  S, ~~~~ ~~s - i- i a r 1 : t~s 1 in t t l i s  s ec t ion .  This ase is so :-ew hat m m - t 1  i c ia l
S n e Si I t ? )  i 1 ant r in i r raf f 1 C would be n m  11 ke 1 y w i t  ‘10 • i ‘iced

— a v i on i cs. ‘,e -. c •ie less , I i is m c i  uded to pro dma a na- - it o m e t e  r~ “• e I Or
anal~ :mn q I~~~~~1~ disio i n t and eshaust ivc cai~es.

5 .? .3 . 2 .l  Satetv

\ cont i nuat i on o~ toWi~ ‘ S dr ounu co n t ro~ ~- - ,s t on and a I - .i t •~ , I on i cs
coupled w i t h  an incre ase in a i r  t r a f f i c  ~i ’ t i l - - i~ ~n 1 t ~~~1 ’  ~~~~~ ~,d  :~ the
-ia inline growth scenar io or the veo r 10 1- , ~, ~] : - - ‘d~~ ma a c y s t  c - ’  m i 1  ich is
‘ u n s a f e ” (~ mae F ig .  5- ).
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i~~ ’0 , and t a ke — ci t m isP ’ps co~~p n i Se  d5 pe - e ’i t  ~~~ ? ) .  The t a  t o m -c ~~ nt r~~—
- o  tu is h i -n h a c cide nt ra te  in t ime ten ~~~~~~~ a r . Inn coo p] ic5l tCd ! ld f l t ’ U V C P

~~~~‘ dense no I t i c  omid i t  l o r i s  and h i h  pi 1 t u - ’  load - ~mi cm ’eised ‘ ‘‘Ic
•~ 

- the benef i t  o m ad \anc e .t OV cifl~~C S  an ni - ‘ wo rsen  t1ese ac~~~r s  , th ereby
- ‘ 1 , reas i r i m t he  i roba bi l  i t y  of O L C l d O f l t S  d im r i nq  0 m n .  P . l a n d i n t ,  and t a k e — c i ’  -

T~ie riS k 01 1 d m - m r  co Il is ion a] ~o ‘ i c e s  as a i r ’ t ra’ ‘ ic de - mi s i  t ’~ inc rease s i
ai r nm ’~ ic control ç y S ~~1 -- I  rel-lain S in its current s t a t e .

Note that the l a r i e m -  loads of wide -bod ied lets “makes the fatal ities oma n
col Ii sion i n c re as e  s~ b s t an ti ml 1~ . For e\lnpl , a col 1 s ion between two iii le—
bod i ed ai rc raft , e a c h  ,m rry inq ~OO passengers , could triple the number of
fatal it ies f rom” ,n idmi r  cciii isions for the last IF years  in just one acciuent
(re f 3).

~~~~~~~~~~~~~~~~~~~~ Cost

Cont inuat ion of co lby ’ s ground contro l ca pab i  ii t and current a i -m’ cm’a ft
avionics , coupled wi th  an increase in air t r i  ~f i  c ci t  the naomi I tude p ro jec ted
rly the mainline growth scenario for the year 1995 , w i l l  produce a commercial
a ir transport system which is “affo rdable (See Fig. 5- ’’~.
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Several factors enter into this judgment. The assumption is made that the I 

-
cost of manufacturing aircraft will rise , even though no new , sophisticated
avionics will be added by airframers . This rise , however, will not be dramatic
because all airframers will be working with established desi gns and any modifi-
cations of these derivative aircraft will not be major. Fuel is assumed to be
available , but at costs which will , on average , triple today ’s price per gallon.
Increased user demand and hi gher load factors per fli ght (because of larger
planes in service and fewer empty seats on the average flight) should offset
these cost increases. Deregulation will also allow airlines to drop unprofit-
able routes and to operate existing routes and schedules in a more cost-effec-
tive manner.

5.2.3.2.3 Convenience

Continuation of today ’s air traffic control system and current aircraft
avionics , coupled with an increase in air traffic of the magn itude projected
by the mainl ine scenario for the year 1995, will produce an air transport
system which is “very frustrating ” (See Fi gure 5—2).

It is expected that by 1984, twenty-one major hub airports will reach
operational saturation if air traffic grows at the projected rate and the air
traffic control system remains as it is at present (ref 4), and by the 1995-
2000 time period , arm even greater number of airports will have reached opera-
tional saturation. The consequence will be an extension to these airports of
the delays and other operational inefficiencies currently experienced at only
a few airports during peak traffic periods. That is , missed take—off and
landing times will have become endemic to the air transport system , as well as
the scheduling difficulties that result from this. Moreover , connecting
fli ghts will require more time between the fli ght segments , thereby possibly
decreasing the number of fl i ghts per day between some cities. These factors
will make the air transport system much less convenient than today .

5.2.3.2.4 Comfort

Continuation of today ’s air traffic control system and current aircra ft
avionics , coupled with an increase in air traffic of the magnitude projected
by the mainline scenario for the year 1995, will result in an air transport
system which is “uncomfortable ” (See Fi g. 5-2).

Airlines will focus on cost-cutting, so the system will be arranged to
move the maximum number of peopl e in a given space . It is possibl e that a
more cost-effective arrangement of seating will be devised , with l ow-yield
sectors--such as first class--being eliminated. Carry-on luggage will probably
be even more severely restricted than under today ’s procedures. With fewer
vacan t sea ts , passengers will find less room to spread out than on present—day
fli ghts, which operate at an average of 60 percent of capacity . Prolonged
holding patterns around saturated hubs will result in more air sickness and
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increased aggravation , should the passenger be aware that he is in a “no
progress ” phase of the flight. In-route conditions , especially service,wi ll
deter iorate as the emphas i s becomes more and more on “no frills. ” Ability
to avo id turbulence and to contro l thrust rates will be simi lar to that on
today ’s fl ights , and should not add to the discomfort of the passenger any
more than they do at the present time .

5.2.3.3 Situation C

The impacts of no air traffic growth and the introduction of advanced
avionics are evaluated in this section .

5.2.3.3.1 Safety

The introduction of the avionics capabilities discussed in Chapter 4,
coupled with no growth situation such as is projected by the alternative
scenario for the year 1995 , wi l l  produce an air transport syste m- mi which is “ very
safe.” (See Fig. 5-3).

The safety advantages of DABS , 4-D navigation , MLS and the like will not
be counterbalanced by increased air traffic , as was the case in Si tua t ion  A.
Consequently, airline safety will be at a hiqher level than today .

5.2.3 .3.2 Cost

Given the avionics capabilities discussed in Chapter 4 , a no growth
situation such as is projected by the alternative scenario for the yea)- 1’~9bwill produce an air transport system -mi which is affordable to the individual
ticket-holder.

Equipping a fleet of aircraft with advanced avion i cs mm -m ay require sub-
stantial capita l outlay for an airl i ne. This expenditure mi -must be covered by
the airline . Therefore , if no subsequent savings accrue from advanced avionics
and revenue from passenger volume does not rise, the cost of upg rading the
fleet n-may be passed along to the consumer and the price of a ticket m ay rise.

However , it is probable that the cost-cutting benefits of advanced avionics
to the operation of the airl ine will offset their initial expense. The huge
outlays for development --financed largely by government and industry --will
have been recovered by 1995. Furthermore , while possibly costly to install ,
advanced avionics will be competitive with alternative equipment , whi ch--if
ava il ableatall --w il l have risen in installation cost and will be n-more expensive
to maintain than a largely digita l , fly-by-wi re system. Also, as outlined in
the section on economics , the use of avionics can contribute a fuel savings cit

up to 18.5 percent compared to present 1979 practice. It is expected that the
added cost of avionics will not exceed the savings realized in improved fuel
economy, thus the price of an airl i ne ticket will be no more (or lessl afforda-
ble than it is today. In addition , there n-may be only one or two pi lot/f light
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managers on board , and there may be fewer f l i ght attendants and fewe r f r i l ls
in an effort to keep the cost of air travel from ris ing above the at - fordabl e
level .

5.2. 3 .3.3 Convenience

Introduction of the avionics capabilities discussed in Chapter 4. coupled
with a no growth situation such as is projected by the alternative scenario for
the year 190F , will produce an air transport system -mm which is “p leas i ng ” (See
Fi g. 5 -3).

Advanced avionics will make departure and arrival even mm-more dependable
than today, especially under the condition of no traffic growth. In add ition .
the all weather operations made possible by MLS will decrease the frequency
of airport closings. Therefore , miissed connections will be m inim mi ized , and
tight scheduling can be successfully achieved.

5.2.3. 3.4 Comfort

Introduction of the avionics capabilities discussed in Chapter 4, coupled
with a no qrowth situation such as is projected by the alternative scenario for
the year I’J~h , will produce an air transport system-mi which is “conifortable ” .
(See Fig. 5-3).

As was the case in Situation A , advanced avionics wil l  signif icantly in-
crease the smoothness and comfort of aircraft operation . Only uncertainty
about the need of airlines to cut infli qht “frills ” for cost reasons , perhaps
including seat space , prevents the comfort estim -m iation in this case from being
at a hig her level.

5.2.3.4 Situation 0

The impacts of no air traffi c growth and no advanced avionics are evaluated
in this section .

5.2.3.4.1 Safety

The present-day ground control capability and current aircraft avionics ,
coupled with a no growth condition such as is projected by the alternative
scenario for the year 1995, will produce an air transport system whi ch is “sale ”
(See Fig. 5-3).

Because of elevated fuel costs and the unwillingness of airlines to reduce
their market by passing this cost to the consumer , airlines will maxi m ize
efforts to increase aircraft load factors , which under the condition of no
increase in traffic growth will probably result in fewer flig hts. There will
continue to be a level of aircraft operation which can be safely nianaqed by
present day practices, and the number of accidents mi-may decline slightly. How-
ever, larger pl anes will be in service and there will be fewer empty seats on
the avera ge fl ight, thus Increasing the number of fatalities per accident and
causing the ratio of fatalities per revenue passenger mile to remain stable.
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5. 2 .3.4 .2 Cost

The present day ground control capability and current aircraft avionics ,
coupled with a no growth condition such as is projected by the alternative
scenario for the year 1995. will produce an air transport systemu which is
“expensive ” (See Fig. 5-3).

Escalating fuel prices and rising energy conservation taxes could increase
fares by as much as 50 percent by the year 2000 (ref 5, p. 170). Airlines will
employ cost cutting n-measures in order to retain as mi -much of the tourist trade
as possible , but without either advanced avionics or increased passenger volume
they will not be able to keep fares at the “affordable ” level .

5.2.3.4.3 Convenience

The present-day ground control capability and current aircra ft avionics ,
coupled with a no growth condition such as is projected by the alternative - 

‘ - 
- 

- -

scenario for the year 1995, will produce an air transport system which is - ‘
“mildly frustrating. ” (See Fig. 5—3).

The airlines ’ cost-cutting route and flight consolidations will mi-make
scheduling less convenient than at present , and take-off and landing delays
presently experi enced at a few major airports during peak operating periods
will continue . However, airlines will try to keep the system from plunging
below the passenger ’s level of tol erance because thi s wou ld lead the passen ger
to elect an alternative form-mi of transportation .

5.2.3.4.4 Comfort

The present-day ground control capability and current aircraft avionics ,
coup led with a no growth condition such as is projected by the alternative
scenario for the year 1995, will produce an air transport system which is
“uncomfortable. ” (See Fig. 5-3).

It has been assumned throughout this no growth port i on of the assessmiient
that the airl ines would still see the middle income tourist traveller as their
moajor market. The image of air trave l and the marketing techniques to exploit
it would increasingly rely on the “no fr i lls ” conce pt , hopi ng that var ious
advantages of air travel over other forms of transportation would offset the
disadvantage of deteriorating l evels of comfort.

5.2.4 Sunmnma ry

The i mpac t of av ion i cs on the airl i ne passen ger w i ll be felt i n the area
of user safety, cost, conven i ence , and comfort. Projecting toward the post-1995
time frame , the introduction of the advanced avionics system which is described
in Chapter 4 gives the passenger increased safety , affor dability,more conven-
ience , and more comfort than the continuation of present-day avionics under the
con di tions of both “growth” and “no growth” scenar i os .
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5.3 Personnel

5.3.1 Introduction

In this section two personnel issues that may be influenced by the
imp lemimentation of advanced avionics are discussed . These are the moanpower
impacts of avionics in the aviation industry and the human factors impacts of
avionics on the pilot and air traffic controller.

5.3.2 Manpower Assessment

5.3.2.1 Manpower Impacts

Occupational categories are necessary for personnel analysis because
members of these categories are not freely interchangab le either froni the
point of view of individuals making occupational choices or from the point
of view of those who supervise the production process. Two occupational
categories are used in the following analysis: these are pilot and air traf-
fi c controller.

In general , the impact of avionics on personnel under the conditions of
the mainline scenario and the anticipated avionics system results from in-
creased demand for and use of air transportation. Elementary ecom.jmic
princi p les s tate tha t as demand for a se rv ice i ncreases , the factors of
production , suc h as employees , must be increased in order to accomodate the
new demimand. If avionics technology were to re -mm -main constant , the demand for
personnel would increase in proportion to increased air traffic. However , if
avionics improve , labor demands will still increase as the demand for air
trans portat ion increases , but at a rate slower than in the case of unchanged
av i on i cs.

5.3.2.2 Consolidation of Work Functions

Avionics have been hera l ded as a mi-means of relieving pilot and air traffic
controller work loa ds. However , i nstea d of allow ing the workloa d of indi v id-
uals to decrease , employers will attempt to transfer and consolidate work
functions and then will dismiss unneeded employees. The mm et effect will be
that even though demand for air transportation will increase significantly,
the demand for personnel will increase at a much slower rate. That is, the
post—1995 advanced avionics system will be less labor intensive than the
present system. The remaining employees will press for higher wages , and
they will attempt to prevent job consolidation . H

The exact outcome for personnel levels wil l depend on the ex tent to whi ch
advanced avionics actually eliminates jobs. An important factor in this re-
gard is the Railway Labor Act. This Act applies to almost all commercial
av iation (ref 6). Under the provisions of the Act , it would be possible for
a union to prevent the adoption of new avionics technology . The aviation
un ions will probably react to job consolidation attempts by seeking to use
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featherbedding techniques. These are “make work” rules or practices designed
by unions to restrict personnel output by artificially increasing the amount
of labor or labor-time employed on a particular job. For example , the Tra in-
men ’s Union has demanded tI-at railroads elim inate the use of radio telephones
by crewmen and revert back to hand s i gnals and lanterns. Similarly, the
Rai l road Brotherhood was able for years to ma inta in a “f i reman ” on d iesel
locomoti ves whi ch ha ve no suc h requi rement.

One aspect of aviation job consolidation within the post-1995 avionics
system will be sure to come under attack from the unions - namely, the shift
from the three-man to two-man cockpit crew. During the 1979 anri~al meet ing
of the International Federation of Air Line Pilots ’ Ass oc iat ion , member
associations voted to boycott all two-man-cockpit versions of future aircraft,
including the Airbus Industries ’ A-3lO wide-body transport , the Fokker Sniper
F-28, and the Boeing 767. IFALPA delegates from 66 member associations repre-
senting 54,000 airline pilots voted in favor of retaining a three-man-crew ‘

cockpit configuration of current flight and navi gation instrumentation . The
assoc iation agreed to make known its stand against the two-man cockpit con-
figuration both to aircraft manufacturers and indiv idual airlines now buying
new aircraft. An IFAPA official said , “We w ill not acce pt any vers ion that
will be fl own by two men” (ref 7). He said most new a i rcraft woul d have
optional two-man or three-man cockpit confi gurations , and that the assoc iat i on
was opposed to the two-man option.

5.3.3 Human Factors Assessment

The post -1995 avionics system assumes an evolutionary deployment of new
aircraft avionics and the continuation of the current philosophy of ground-
based air traffic management with a high degree of tactical and strategic
control automat ion. Thi s sys tem w ill allow both the pi lot and a i r traff i c
controller to function as a manager rather than as a controller of minute-by-
minute air traffic events.

5.3.3.1 Impact of Avionics on the Pilot

The personnel group on which the avionics system proposed by this study
is likely to have a primary impact is pilots.

5.3.3.1.1 Elec tron ic Dis p lays

Electronic displ ays , as discussed in Section 3.3.5, represent a signifi-
cant increase in information display potential . These displ ays , in conjunc-
tion with the flight management computer , present a pi ctor ial image of the
current flight situation in a form consistent with the pilot ’s mental image of
the situation. These display formats permit the pilot to deal effectively
with more information than would be possible using conventional information
displ ays.
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Early in the Boeing SST development program , s imul ati on reveale d the
pilot ’s need for additional manual pitch information for more precise control .
Subsequent work produced a multifunction display which combined several gui-
dance functions with a computer-generated map. Later programs addressed
pilot displays as part of a complete navigation and guidance system operating
in an air traffic control environment. The fundamental lesson learned from
these experiments is that effectiveness is truly a system-mis problem. The man ,
the machine , and the operating environmnent n-must be considered together if
the resulting partnership is to be optimized (ref 8).

There will be a change from analog to di g ital aircraft control/display
symbology . This means that the pilot will have to rely on hi ghly synthesized
information. With the present control mechanism , for example , he is still
directly connected by cables to the control surfaces of his aircraft. In
the fly-by-wire mode , howev er, the contro l commands are made by electr ical
impulses. Thus, direct “touch” feedback is lost between man and machine . The
process of controlling the aircraft becomes less dynamic when working a key-
board than when rotating, pulling, or pushing conventional controls , and it
can be assumed that the pilot ’s perce ived operational environmnent will shrink
to that of the cockpit and , in particular , to that of the display and keyboard
interface.

It is anticipated that change from a conventional to an electronic cock-
pit will drastically affect pilo t and crew behavior. There may be a high
demand on specific mental and cognitive functions , depending upon the degree
of automation and sophistication. For exam p le , the pilot ’s memory may be
strained while coping with digita l readouts on some of the CRT ’s. Systemn
designers do not always antici pate the entire set of human factors problemus
involve d in the implementat ion of a concrete system . Occasionally, what
seems to be a technical , econom ical , or even an operational imnprovement
really decreases system effectiveness because of hun-man limitations. Moreover ,
what is easier for one pilot can make life more complicated for another.

5.3.3.1.2 Flight Management System

The pilot ’s ability to adapt and respond positively to unexpected situa-
tions exemplifies his fundamental involvement in aircraft safety and operating
efficiency. In many situations only the pilot has sufficient information and
understanding to exercise appropriate judgment. The flight management system
as discussed in Section 3.3.4 offers new ways of enhancing the pilot ’ s effec-
tivenes’; in this regard.

In determining what type of information will be most useful in augmenting
the pilot ’s adaptive ability , there must be exploration of the range of pos-
sible decision c ---umstances and the time likely to be associated with each .
Such circumstanc- - range from unplanned but frequently encountered to truly
unantic ipated situations. Time-critical information n-must be directly and
immediately accessible, and care must be exercised in the design phase to
assure tha t the post—1995 avionics system aids the pilot in such situations.
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To be an effective fli ght mana ger , the pilot must manage the airplane
safely and efficiently while retaining sufficient workload capacity to cope
with further anticipated or unanticipated events. As indicated in Section
3.3.4, the flight management system has the potential to provide several
different types and levels of ass i stance to t he pi lot that can increase
efficiency , reduce normal workload , or both.

First , the fl i ght management system provides data in a form best suited
for use. By not requiring the pilot to perform extensive mental processing
before informat ion can be used , fewer errors can be expec ted and less tra ini ng
required. The computer generated displays offer si gnficant advances in this
direction. The fli ght mana gement system w ill reduce the need for performance
charts and tab les during fl i ght. Instead , the performance data required for
the immediate task are directly presented. Where use of the information
warran ts , these data are converted into graphic or symbolic form for presenta-
tion within the context of the primna ry displays . In other cases , nume ri c
data are more suited to the application and will be presented as such . Even
in these cases , improvements in the pilot interface are achieved , because
only relevant data are presen ted. Data are grouped to gi ve all per ti nent
information to the pil ot at one time .

Second , the flight management system modifies traditional pilot workload
patterns. The specific techniques employed are to shift selected tasks out of
the high workload terminal areas, to reduce or eliminate time-critical actions ,
and to provide pilot-selectable automatic control assistance.

Many of the terminal area navigation and guidance tasks can be shifted in
time with the aid of the flight management system. Some of the shifted tasks
are accomplished during cruise , others during prefl i ght , and still others are
accomplished entirely by the fli ght management system.

Minimizing time-critical tasks involves establishing operating procedures
which permit all required pilot inputs to be made at one time for each task
and not requiring mode or function selections at particular points in space or
time. As w i th present day avion ics , use of the autopi lot for routine , repeti-
t ious , or h igh precision tasks is a key element in ensuring that the pilot has
sufficient time to manage the airplane effecitvely. The ultimate automatic
assistance is provided by preprogrammiing the entire fl i ght in the fl i ght
mana gement computer. The pi lot has the opt ion of us ing the fully automat ic
ca pabi lity or us ing lower levels of control ass i stance as may fit the
particular circumstances. Regardless of the method or level of control , the
fl ight management system provides pertinent information to the pilot. With
this extensive flexibility, the system is adaptive to the changing needs for
pilot involvement and allows the pilot to reduce or eliminate manual contro l
tasks .
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5.3.3.1.3 Changes in Pilot Selection

There are problems associated with the proposed avionics system which go
beyond those concerning engineering optimization . They start with the selec-
tion of pilots best suited to operate these systems, and this requires a
systems approach in which the pilot ’s needs are cons id ered . In the future ,
the pilot will have to monitor predominantly static instead of kinetic pro-
cesses or information , and he must be suited to meet the mental demands ,
particularly memory demands , imposed by such systems. He will need to be
equipped to remember and use comp lex codes , keyboards , and switching sequences
to initiate actions or respond to operational requirements , and he must be
capable of performing several of these tasks simultaneously and n-making the
right decisions based on computer logic and information . Consequently, mental
ability and theoretical inclination will be emphasized more in pilot selection
than at present (ref 9).

Attempts must be n-made to develop reliable tests of cognitive skills , such
as memory , information processing, tin-me-sharing, and decision making, and to
apply them to the selection of pilots qualified to cope with the requ i -emnents
of integrated dig ital avionics systems. Selection standards and test methods
must be established . Such selection tests and procedures n-may be so severe or
restrictive that not enough individuals will be found among the present class - -

of pilots who meet the requirements. A possible solution to this dilem -mui a mnay -

lie in the fact that the environment , equipment , and working conditions in an
advanced cockpit will allow an exchange of certain physical standards in favor
of specific perceptual or mental requirements. Thus , there mi-may be individuals
within the pool of applicants presently rejected as pilots because of defi-
c ienc i es i n color v i s ion , visual acuity , or s i mi lar perce ptual shortcomings
who meet the requi rements impose d by the new system.

If it actually turns out that the effects associated with the advanced
display/contro l systems should demand different or hi gher mnental functioning
and/or different temperament or personality of the pilots , the training
specialists are faced with several problems . One of these concerns the older
genera ti on of pi lots . There was a sim i lar s i tuat ion af ter Worl d War II when ,
f i rst the military, and later the a irl ine pi lots made the trans iti on from the
conventional aircraft to jet. A percentage of the older pilots could not be
trained to cope with the demands posed by jet aircraft , and either stayed wi th
propeller a irp lanes or chose to reti re.

5.3.3.1.4 Changes in Pilot Stress

Recently conducted experiments concerning pilot behavior as related to
the automation of aircra ft contro l processes reveal that in a fully automated
fli ght system , the pilot is in a more or less permanent dilemma since he is
entirely responsible for system and mission performance but has no direct
contro l input. In addition , there wil l  always be a probability of automatic
control failure , and the pilot consequently must be in a constant state of
alertness to take immediate action . This situation is not brought about by a
mental or perceptual overload , but ra ther i s cause d by underload i ng. Modern - 
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cock pi t layouts, improved aircra ft handl ing qualit i es , and rel iab le automatic
systems may induce a i rcrews , at times , to become bored , comp lacent , and
inattent i ve. Thus , the pilot finds himself in a permanent conflict situation ,
and the poss i bility of a sudden change from monotony to action may exceed his
psychological capabilities and result in panic. The possibility then exists
that the demands of the post-1995 avionics system will cause psychological
and mental stresses exceedir~j those associated with the demands imposed by thepresent system. Overwhelming demands and traumatic operational stresses, as
demonstrated in the military setting , can bring about various types of anxiety
which can manifest themselves in the form of psychosomatic disorders and
disfunctiona l behavior (ref 10).

5.3.3.1.5 Changes in Pilot Motivation and Morale 
—

There is concern about the problems of motivation and morale caused by
increased cockpit automation . Indeed , there is an inherent conflict between - 

-

the design engineer , whose aim is to fully automate the display and control
as pects of the a i rcraf t, and the pilot , whose professional self-image has been
built on the preservation of personal responsibility , judgment, and a i rmansh ip.
The pi lot does not want to lose h is ass ignment , job gratification , and the
associated glamour. He instinctively objects to pushbutton control of the
a i rcraf t. Hence , the problem is not only one of intell igence , sk ill , and
ability , but equally one of temperament, moti vation, and personality--the
importance and assessment of which are even less understood than the mental or
perceptual prerequis i tes .

Nevertheless , the advanced electronic integrated display/contro l systems
offer many advantages to the well-selected and wel l -trained flier. As dis-
cussed above , the ability of these systems to concentrate data acquisition ,
handling, and evaluation in the cockpit may actually increase the pilot’ s
responsibility , command status , power, and efficiency--quite a different impact
for these systems than that perce i ved by many pilots.

What can be done about these problems? First , more data are needed about
the actual demands and the effects of the new systems. This is a prerequisite
for a program of matching pilot profiles with the psychological functions
demanded by these new systems . Second, an appropriate “care of the fl ier ”
program can be initiated , wh i ch may incl ude repeated psycholo gical checkups and
rehabilitation in case of emotional or mental problems .

5.3.3.2 Impact of Avionics on the Air Traffic Controller

5.3.3.2.1 Changes in Air Traffic Control

Automation is the primary impact of future avionics on air traffic
control . This will establish , to a large degree , not only the skill mix , but
also the number of controllers required. Historically, the number of air
traffic controllers has grown more slowly than aviation . This has been possible
because of the introduction of computers and the use of interactive graphics on
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radarscopes. Controllers now handle as many as ten aircraft at one time where-
as four or five was considered a heavy load previously. The FAA plans to in-
crease automation during the forecast period as a way of coping with increased
deniand. Moreover , a more highly automated fourth generation ATC system is
considered likel y by the 1990’s. All of this suggests that the number of con-
trollers wi l l  continue to lag growth in air traff ic.  Total aircraft operations
at tower airports will grow at a 3.5 percent annual rate in the mainline V

scenario. With increasing automation , but continued manual procedures , the
expected growth rate for controllers will be considerably l ower. The rea l
question is whether son-me fully automated air traffic control system will be

V developed and implemented which mi ght eliminate the need for continuous
manual intervention. Obviously, this could dramatically reduce the required
number of controllers . The technology appears to be at hand--for example ,
4—D Navi gation , radar , DABS , and automatic landing systems . While it is
doubtful that such a system can be in place by 1995 , it seemims inevitable at
some future date. The most complicated part of the problem would appear to be
the development of software to handle large queues such as those envisioned
at future hub airports. Certainly this is not a greater problem than those
encountered in n-manag ing large air interceptor forces during full scale opera-
tions. Thus , the software and hardware seem to be state -of-the-art , although
very recent.

Deterrents to the implementation of fully automated air traff ic contro l
systems are likely to be societal acceptance , opposition by unions representing
affected groups and the inertia of the industry , and the regulatory environ-
ment. Revolutionary changes are always difficul t to implement , and at this
time full automation is in this category .

5 .3 .3 .2 .2  Psychological Impacts of Increased Automation

A fully automated ATC system may create an environment which is disbene-
ficial to the air traffic controller . A fully automated air traff ic control
system may result in controllers feeling less motivation and less job satis-
faction . When the controller becomes a pass i ve e l ement in the system , he n-may
no longer be able to directly relate his performance to his function. An
automated system may not provide the controller wi th a mechanism for achieving
individual visibility , credit , or i dentity. The controller ’s role may no
longer provide direct task-oriented feedback , suc h as that ~shich occurs when a
controller i s ab le to hand le an unusuall y lar ge number of a i rcraf t. Thus ,
there is a definite danger of a highly automated ATC creating a job which is
uninteresting and performed under conditions of low motivation . The greatest
danger of an automa ted system i s that the a i r tra ffic controller may lose
conf id ence i n hi s abi lity to ta ke control of an emergency si tua ti on. An
automate d system w ith a pass i ve controller may produce a degraded emergency
res ponse after a failure has occurre d (ref 11 ) .

Despite the apparent problems associated with an advanced ATC system ,
a fully automated system will actually result in many benefits and the al l evi —
ation of many problems . The controller will no longer have to be constantly
vi gilant since an automated system is configured in such a way that excessive
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vi g il once is not reV; U i red . Str es s  w i l l  com iseguen t 1 y be m’ educed . Moreover ,
the controller ’s unction is made less in t r i ca te  and ‘-m ore st -m -~i~mhtforward , mi ld
it requires ~iin inma1 manual activity in the  execu t ion  of procedures. Therefore ,
tne likelihood ot error— free operat ion increases. The jo~ will also become
less res t r i c t  ive in that i t w i l l  perrii t para llel ex ec ut i on  of other funct ions
tasks , or act i~- it ie~.

5.3. -i Sa- Ii a m v  - 
-

The discussion in this sect ion ind ic a t es  that the proposed av ion ics  s y s t e m
-
~ a ’ , reduce both the human rewards and the stress assoc ia ted w i th  a v ia t i o n .
However , t h i s  r e d u c t i o n  can be moderated h~ the introdu ction ot new control
funct i ons into av ia t ion  operations.

W here personnel have d i rect  au thor i t y  and respons ib i l i t y  f~ r sys t en
operat ions and are held accountable tar their act ions , they derive rewards in
terms of job sat is fact ion and motivation , but they also experienc e stress. The
position at iuth ori~ v and res ponsibi l i ty  requires a connensurdte degree of
technical expertise and a coi’vnensum -ate capability to apply the expertise.
Technical expertise results from extensive training and the mental ab i l i ty  to
structure spat ia l  relationships and log icall y assess the consequences of contro l
actions.

As planning and tacti ca l control functions become more au~omnated , the
reduction in ho-mi -man rewards and stress become s more pronounced. The automation
of ~‘1annin ~ functions removes i-much of the direct huma n interactions among
personnel and does not appear to in t roduce  new control functions that siqnifi-
c an tl v compensate for the loss of job satisfaction a-mid motivation. However ,
aut o-iation of p lanmiing functions does ,‘educe st ress.

;-:here a high degree of automation occurs , job satisfaction , motivat ion
rewards , and stress are largely removed. The job -mi-may he relegated to inputting V

and processin g miscellaneous data. Skills required for this system need not
he as high ly developed as those for predecc sso r system -mis . As a result , per-
sonnel may become less co mpetent to  handle failure situations and less l i kel ~-
to maintain awareness of the situation.

In sunina ry , the n-most promising of the future systems in tem’i:ms of compati-
bility between operational desi gn and human factors wi l l  enable personnel to V

apply their skills to review critically computer~~ed actions , and these system-mis
will therefore not severely lim n it the ability o ersonnel to exercise hi ghly
tra ined capabi l i t ies. A situation in which the pilot or air traffic controller
is almost ‘ ompletely “out of the loop ” but acts as overall system -mis manager would
be acceptable , given a change in both the type of person performing the job and
the t r a in i mg receiv2d . This , of course , assumes technolo gical comnponents of
such quality and redundancy that a person could safely be remnoved from the
control loop.

Because the system n-may reduce the employee ’s ability to apply his e\pe rt
s k i l l s ,  inconsistencies between hun-man expectations and rewards i-may result.
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Although the system requires as hi gh a leve l of skills as the present system ,
for such tas ks as recovery operat ions i n the ev ent of automa ti on fai lure ,
underutilization of these expert skills couild undermine the ability to respond
to fa i lures , regardless of training. In any event , the un ions will set for th
these arguments in order to restrict implementation of labor reducing avionics.

5.4 Society

5.4.1 Introduction

The decision to implement a new technology always involves social ,
political , and ethical issues , as well as technical ones (ref 12). These
non-~~chnica l issues mold society ’s attitudes about the new techo logy , and ,
therefore , they si gnificantly infl uence the implementation decision .

Paramount among the non-technical issues associa~ed with a new technologyare its societal impacts. These are difficult to project because many are
second and third order indirect impacts , but they are important because they
have long term and usually irreversible consequences. This section examines a
few of the potential societal impacts of the advanced avionics system which is
projected in Chapter 4. Since other sections of this chapter explore the
impacts of the advanced avionics system on those social groups which are
directly involved in the air transport industry , the analysis in this section
is restricted to the impacts of the system on society-at-large . Three societal
impact areas affected by the advanced avionics system are exam ined: the
env i ronment, demography , and public attitudes and values.

5.4.2 The Environment

The env i ronment has many dimens ions , all of which directly contribute to
the quality of life enjoyed by society. This section examines the impacts of
the 1995 avionics system on two aspects of the environment— —air quality and
community noise level .

5.4.2.1 Introduction

A i rcraf t engines emit both air pollution and noise pol l ution , and the
advanced avionics system which is projected for the 1995-2000 time period has
the potential to reduce both of these negative impacts. Prior to descr ib ing
the manner and magnitude of these reductions , the pollutants and their negative
impacts on the environment are briefly discussed .

The major types of air pollutants emitted by aircraft -engines are
particulates , carbon monox ide, nitrogen oxides , and hydrocarbons. Most of the
negative env i ronmental impacts of these emissions occur in the airport vicinity
and takes the form of smoke , photochemical smog, and di rect physiolo gical
effects such as the reduced oxygen intake causedby carbon monoxide. Al though
aircraft engine emissions represent a very small percent of total air pollution
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in the United States , they constitute a large fraction of the total air
pollution in the airport vicinit y .

Aircraft-generated nitrogen oxides have another environm imental immi pact
besides localized effects in the airport vicinity . Nitrogen oxides emitted
at higher elevations during fl i ght have the potential to alter the concentra-

V tionsof stratospheric ozone. However , this effect is not completely understood . —

Current practice is to treat this effect as neglig ible (ref 13-18).

A i rcra ft engine noise also produces mi -most of its negative environm uental
im impact in the airport vicinity . This negative imopact takes the form of psycho-
log ical stress ar-m d loss in property value . Noise levels which are high enough
to cause physiolog ical damage to ground observers occur only within the airport
boundaries , and usually only airline and airport personnel are exposed to it. - —

5.4.2.2 Air Quality

Quantitative mueasuremi ient of the air pollution produced by aircraft eng i nes
is mi-made in term -mi s of the Environmi iental Protection Agency Parammieter (EPAP)
(refs 19 , 20). The EPAP is not a ti-measure of total aircraft engine emimissions
over all phases of fli ght. Instead , the EPAP is a mi -measure of the fraction of
total emiiissions which are produced during a landing/takeoff (LTO) cycle. The
LTO cycle consists of 1) taxi out, 2) takeoff , 3) climnbout to an altitude of
3000 feet, 4) descent from-mi altitude of 3000 feet to the initiation of landing
approach , 5) landing approach , and 6) taxi . In the definition of EPAP which has
recen tly been proposed by the Environmiiental Protection Agency ([PAP), the
functional relationships among aircraft eng ine air pollution , n-mass of eng ine
emissions , an d amount of fuel consumed are stated as follows (ref 21):

[PAP = 
total mass of e~~i ne enm i ss i ons~per LT0 cycle

rate d engThe thrust

total ount l consumed per Lb çyç le
a constant specific to The eng f~e type - 

-

Therefore , a reduction in the amimount of fuel consumi med during the ITO cycle would
produce a proportionate decrease in aircraft eng ine air pollution as mi-measured
by the [PAP.

One of the benefits claimed for advanced avionics is their abil ity to
conserve fuel . These fuel sav ings are of two dif ferent types. First , the taxi
out segment of the LTO cycle includes the queuing time that occurs at crowded
airports during peak traffic periods. A potential benefit which is claim iied for
MLS and 4-D Nay is an increase in the efficiency of airport operations which
woul d si gnif ican tly reduce , if not eliminate , the queuing (ref 22). This would
reduce the amnount of fuel consumed over the LTO cycle. Second , automat i c
thrust con trol during descen t and approach and the we ight savings i nvolve d w it h
advanced avionics would result in fuel savings during the approach and landing
phases of the LTO cycle .
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Using LP A ’ s equations ta r ca lcu lat ion of the [PAt’ and data about the
em n is s ion cha racter i s t ics  of advanced high pressure ratio qas turbine e n t i m les
a ron qh a ppro x i mi-ma t ion can be made of the r,’duc t ion of the t rAP wh i ii wou 1 d
res u 1 t from a reduction in the queu i rig portion of the LTO cy c l e .  I or a sa mp Ii’ *
a 51) percent reduc t i on in queuing t i mi-me would produce approx i m,i tel y a ,) ut ’r ant
reduct ion  in the total - mi - mass of eng ine c-m i-missions dun n i  the LT0 cy c 1k ’ . bacon - -a
the hulk of the e m ni ss ions dun ng the LT() cycle cons i t .  of the imyd ro co rhons
and carbon monoxide (Ct) ) which are generated in the ground nodes-- a lmost 0()
per c ~s 

~ of the total — — a 50 percent reduction in queu i rm g t iwo won 1 d a 1 so pro tmi u i ’

a ppro xi nat ely a 50 percent reduct ion i n  ti-me was s of hydroca rbon and carbon
mono x ide cmiii ss in mi s over the L TO cycle. And in qemie ra 1 , a given percent do rca Se
i n queu ing time woo I d produce an equal percent decrease in a i rc ro V t  en i ne .1 r
pollution as measured in termiis of the [PAP.

Note. however • that the [PAP I s a per engine measure . iherefore , a ia -
crease in [PAP would not necessar ily result in decreased aim . poll Ut i m i  in the
a i ,‘port v i c i n i t y .  The - PAP could he sumnoed over al l  ape no I 1 Ofl S a t  a a i VCfl
- i i  rpor t  to g ive a fleas -m ire tar total per day a i rcri ft air poll u t  ion . Thi s  t o t a l
do l lution measure would be proportionate to the total amount of fuel consu med
1w all aircraft over the LTU cycle . am -m d under conditions of a constant iii i x
in a i rcra ft types , this would he proportionate to the total number 01 a i rior t
operations. In this case of constant. a i rcraf t  m i - m ix • a a i von per ce m - mt inc re,i se
in numiiber of a i rport opera t ions would produce an equal percent inc re use in
the t o ta l  a ircraft  pollution at ti -me airport.

Another benefit which is cia i-mi -med for the I9~5 advanced avionics system
is an increased numiiber of daily airport operatio ns. Given the above ana l y s i s .
ti-me potential reduction in total aircraft air pollution at on airport which
would result from a g i ven percent reduction in [PAP would be counte rbalanced
by an equal percent increase in numiiber of a i rport operations. Therefore , the
projected 1995 avionics system - mi w i l l  have a positive imi ipact on air qua l i t y  only
it the system -mi produces a percent decrease in queuing ti - mi - me which is i reate r  than
the percent increase in ,i i rport opera t ions which is enabled by t he svs t  em .
Unfortunately for this arma 1 ys is , the re la t ive  sizes of queuin g t i mu ’ decr ease
and airport operations increase under the 1995 avionics system -mi camin ot he lore-
cas t

5.4. ;’ .3 Commiun ity Noise Level

Quantitative measuremnent of the noise pollution produced by aircraft
eng ines is mi-made in terms of two indices , the effective perce i ved noise leve l in
decibels (EPNdB) and the noise exposure forecast (MEl) (rafs .‘3- ;’t-~). The
EPNdB is a mi-measure of the noise intensity which is experienced by ~-m ground
observer as the result of a single aircraft flyover. It is derived fromn the
noise intensity at the location of the observer with corrections for such
factors as the duration of the flyover and the differential humnan perception
of sound at different frequencies. ta r purposes of this analysis, the key
variable in the determination of the muagnitud e of the EPNdB is ti-me distance of
the ground observer fromim the aircraft. The difference in LPNdB wh ich results
from-mi different distances from -mi the a i rc ra f t  is given by
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.~ EPNdI3 = 21) log (d 1/d ,)

where d1 and d2 are the distance term-mis .

Ti-me NEF is a m-mie asure of ti-m e total noise experienced by a ground observer
as the result of total daily aircraft operations over the observer ’s location .
it is derived by suiiliiing the [PNdB for the individual aircraft with a correction
for the miii x of daytim iie versus ni ghttime operations. I or purposes of ti -m i s
analysis , the key variables in the determination of the mi -magnitude of the NLF
are (1) ti-me distance of the ground observer from the aircraft and (.‘) the
number of airc raft. The difference in NEF wh ich results fromim different
distamic es is given by an equation similar to that above for AEPNdI3 ,

\ NEF 20 log (d1 /d2).

where d 1 and d2 are ti-me distance termns . The difference in NEI which results

from a different numimber of aircraft operations is given by

-\ NEF = 10 log (n 1/n2 ),
where n1 amid mi~, are ti -me terms representing number of ai n’cra ft opera t ions

Noise control am - md abatement al ternat ives which do not involve engine or
aircraft design include

1. Source Abatement Alternatives - Operation al changes such as two-
segment landings

2. Path Abatem nent Alternatives

a. Rerouting of aircraft by means of - mi - modified f l ight paths

b. Construction of noise barriers along airport stag ing areas

3. Receiver Abatem nent Alternatives

a. Im provement of indoor sour-md insulation in buildings

b. Receiver relocation out of the proximity to the airport or
aircraft landing and takeoff flight path.

Advanced avionics deve lopmnents --specifical ly MLS and 4-D Nay--wou ld mi -make
possible the implementation of Al ternatives 1 and 2a. Therefore , these av i on i cs
have the potential to decrease aircraft-generated noise pollution .

Alternative Za involves routin g flig hts over areas which are not noise-
sensitive . Specific fi gures for the reduction in noise produced at a given
airport by mi -modified fli ght paths can be calculated only by means of a detailed

V miiodel of the operations at that airport. -lowever , estimation of the reduction
in noise produced by the two segment landings of Al ternative 1 does not depend
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on such a model .

-IIS n-makes possible many instrument approach paths besides the one ava il—
able under IIS. One such has the aircra ft following a two-segment approach
path (6 degree gl i de slope at the S mile mi-marker to the 1 mile marker , then
a 3 degree glide slope). The reduction in noise due to the increased altitude
of the ai rcraft on the IlLS two-segment approach path ranges from 5.1 dB at
the five mile marker to 3.5 dB at the two mile n-marker (See Fig. 5-4).

To put the size of this reduction into perspective , two equally noisy
planes make only 3 dB more noise over a given distance than just one of them.
Therefore even a doubling of airport operations would not counterbalance the
reduction in NEF which would be achieved through an MIS two-segment approach
path. A doubling in airport operations is an exceedingly optimistic expecta-
tion for the 1995 advanced avionics systems. Therefore, reduction of NEF along
the landing approach path would represent a signif icant contribution to a
decrease in coiii~unity no i se levels es pec ially since the turbofan jets on the
coninercial airfleet generate at least as much noise in landing as in takeoff,
and in many cases more (ref 27). These reductions in NEF would be large enough
that people along the track would experience si gnificant decreases in the
extent to which they perceived aircraft noise to be a problem.

5.4.2.4 The Cost of Society of Avionics and Related Improvements in the
Environment

Reductions in air and noise pollution which may result from the imple-
mentat ion of the 1995 advance d av i on i cs system are , in effect , “free goods .”
A reasonable goal with respect to the environment is to minimize the total cost
of pollut i on, where the total cost of pollution (CT) can be expressed as the
sum of the cost of pollut ion damage (CD) and the cost of pollution abatement

(C A ). Now, the reduct ions in a ir and noise pollut ion which resul t from
implementation of MIS represent a reduction in CD, and the point at issue is

whether or not this exceeds CA in th is case. At first glance , CA appears to

be primarily the cost of implementing IlLS. However, MIS is not being imple-
mented to reduce pollution , it is being implemented to make IFFport operations
more efficient and productive. The air transportation industry is bearing the
cost of MLS in order to gain direct operationa l cost benefits , and pollution
reduction is a side-effect. Therefore , the cost of implementing MLS should not
be included in CA . Reductions in pollution are secondary benefits of avionics

which are implemented primarily for reasons of direct cost benefits such as
reduced fuel consumption , decreased airport foul-weather closure , and so on.
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5.4.3 Demography 
-

5.4.3.1 Introduction

The mi -mainline scenario , coupled with census data and projections concern-
ing the geographic distribution and age profile of the 1995 U.S. population ,
has interesting implications. The purpose of this section is threefold:
first, to briefly present some of the more pertinent aspects of the census
data and forecasts ; secon d , to examine the expected interaction of variables
in the mainline scenario with those in the census forecast; and third , to
consider in a qualitative way the expected social impacts arising from this
i nterac t ion.

5.4 .3 .2 Projecte d Popula tion Character ist ics

The population of the southern and western regions of the U.S. wil l
increase at approx imatel y four t imes the rate of the north eas tern and north
central regions. The population of the Un ited States as a whole will increase
by approximately 25 percent between 1970 and 1995, as shown in Table 5-1 .

The population of many mm -mid size Standard Metropolitan Statistical Areas
(SMSA)--or what were midsi ze SMSA ’s 18 years ago--in the south and west have
increased d rama t ically during the pas t 18 years (See Table 5-2), and they are
ex pected to conti nue to increase dur i ng the forecas t per i od . By contras t, the
existing very large SMSA ’s are not expected to increase much during the fore-
cast period , although they may undergo some compaction.

The proportion of people between 35 and 50 in 1995 will be larger than is
currently the case and , i n general , the age profile of the nation will change
significantly during the next fifteen years (See Fi gure 5-5).

SMSA ’s will tend to become more compact because of the projected future
energy situation .

5.4.3.3 Variable Interrelation

Figure 5-6 displays the hypothesized linkage of variables which are
anal yzed in this section.

The introduction of advanced avionics will make possible the development
of the a i r trans portat ion system of 1995. The i nterac ti on of the a i r trans-
portat ion system wit h demogra phic var iab les wil l be comp lex and synerg is ti c.
The resultant of these synergistic interactions will produce socio-cultural
impacts. 

V

Thus , rather than analyzin g the specific socio-cultural impact of each
avionics technology , the analysis will be of the total effect of avionics as
transmitted collect ively through the projected air transportation system as it
interacts with the demographic variables.
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Table 5-2

Growth i n F i ve Selec ted SMSA ’s

(Millions of People)

SMSA 1970 Census 1976 Es timated

Atlanta 1.596 1.805

Dallas-Ft. Worth 2.378 2.611 —

Denver 1 .239 1.438

Houston 1.999 2.422
- 

-s -

Phoenix .969 1 .224 1 - - - - -

I
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The mi -mainline scenario projects growth rates in all sections of the air
transportation system which greatly exceed projected population growth rates
(See Table 5-1). Conjunction of this fact with the projected population
distribution changes forecast for 1995 provides a tentative explanation of how
this can occur. In addition , some of the major impacts of this situation can
be anticipated .

The population data present a picture of population shift toward a more
hoimiogenous regional density , with populations tending to increase in what are V

currently second level SMSA ’s and , perhaps , a compaction of SMSA ’s. Taken to-
gether , these factors should provide a dri ving force for creating demand in
all sectors of the air transportation system , as is illustrated in the
gravity model calculations presented in the Scenario chapter. The shift
toward a hi gher median age for the population together wi th the large propor-
tion of persons in the 35-50 age bracket in 1995 could also be a force tending
to generate demand in general aviation.

5.4.3.4 Socio—Cu ltural Imnpacts

Several si gnificant socio—cu ltural impacts can be hypothesized based on
the above data.

1. The expected population shifts together with compaction of SMSA ’s
can be expected to work to the benefit of more conservative political elements.
The local el i tes in both the south and west tend to be conservative in po liti-
cal orientation . The moveiiient of unorganized inini grants i nto these regi ons
will tend to bolster the power of local elites , providing they can retain
political control .

2. The expected population mi-movements together wi th increased energy
costs could have the effect of creating two relatively distinct social strata--
those who fly and those who do not . The flying group could tend toward
becoming a self—conscious elite group of cosmopolitan orientation , while
remnai m ing politically conservative.

3. Compaction of SMSA’s taken toge ther w ith higher energy cos ts coul d
have the effect of isolating the lower strata in discrete SMSA pockets. As a
conse quence , they can be expected to become more local in their orientation.

5.4.4 Public Attitudes and Va1u~s

5.4.4.1 Introduction

As demonstrated by the recent DC-lO incident in Chicago , the response of
the public can have important conse quences for the future via bi lity of any
technolo gical system. In thi s par ti cular case , the res ponse of the publi c was
such tha t it is now seen as highly unlikely, aga inst all prev ious ex pec tati ons ,
that the DC—b production run will ever reach the break-even point. The plan-
ners of a future innovation in the aviation system are thus wel l advised to
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examine possible impacts of such changes on public attitudes in order to take
into account any possible unplanned, negative effects.

Underlying public attitudes, which are directed to specific objects , is
a value system. The value system of the nation as a whole is iniportant in that
it tends to be more stable and enduring than specific attitudes. Impacts on
values thus tend to affect the social system at its very roots. Possible
impacts on the value hierarchy supported by contemnporary Americans will there-
fore also be examined in the following section .

When considering the va lue and attitude impacts of the introduction of
the projected 1995 avionics system , two separate dimensions must be considered.
First, attitudes might well be directly affected by the introduction of the
avionics. Attitudes would thus be affected solely by the nature of the
introduced hardware and attendant software. Second , and this is the more
important dimension , imp ac ts on at tit udes and values can be ex pec ted as a
result of what the avionics system-mi will make possible , that is , a large growth
in the air transportation system. These second order impacts will be the most
visible and enduring. The following analysis will examine both the direct
and indirect value and attitude impacts which m ight result from the iniplemnenta-
tion of the 1995 avionics system.

5 .4.4.2 Impacts on Public Attitudes

5 .4.4.2.1 Direct Impacts

Public attitudes , as n-mentioned above , will be impacted in two ways by
avionics . The first of these is the direct impact caused by the avionics
system. The mi-major areas of concern in this regard are research , the tech-
noloq ies involved, safety, and fuel conserva ti on .

5. 4. 4.2.1.1 Research

The attitudes of the public in relation to research will be of importance
prior to the implementation of the advanced avionics system . At issue is the
extent to which private enterprise can support the necessary research and the
extent to which government would have to support such research. It can be
expected that the public will not l end additional support beyond the present
level to aeronau tic s researc h . Statis ti cs show that government support of
aerospace research has been decreasing each year (ref 28). This is also re-
flected in the low value the public has assigned to space exploration (ref 29).
The public at the present time is more concerned with i m-miie diate environmental
problems relating to urbanism (ref 30). The major brunt of development costs
will probably have to be borne by the aircraft manufacturers . If this implies
even a short term rise in fare costs, the public can be ex pected to react
negatively.
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5 .4.4.2. 1.2 Technology

The current public att i tude towards technology is an ambivalent one. On
the one hand , the public is clearly aware of the benefits which it has derived
from technology , and on the other hand , the public is becoming more aware of
the possible dangers of technolog ical innovation (ref 31). At issue , then , is
to what extent the publ ic will perceive the benefits derived from avionics to
o twei gh the potential dangers .

Research has shown that if the perceived benefits appear to have a hi gh
degree of certainty , they will outweigh potent ial disbe nefits (ref 32). Bene-
fits are usually judged by the public in term -m is of direct consequences of the
technology ,but disbenefits a re judged in term-mis of indirectly caused consequences
of the imimplementation of the technology . It can therefore be expected that if
the public can be convinced that avionics technology will decrease travel cost ,
n-make the air transportation system m ore efficient and safe , am-m d so on, the
public will react positively to the addition of the new technology . If, in
addition , the public believes that avionics are intended to diminish harm ful
side effects of the current air transportation system such as pollution , it can
be expected to react very positively to the introduction of the technolog ies .
The danger here is that the public will react negatively to an increased
emphasis on automation because of a belief that its employment potentialities
are threatened. - 

-

5.4.4.2.1.3 Safety

The public is very aware of the safety dimension in aviation , if only
for the short period following a highly visible air transport disaster. One
of the mi-major selling points of avionics will be the potential for increasing
safety. Should this not occur , either because of problems in the avionics
themselves or because of the growth in the air transportation system -mi n-made
possible by the use of avionics , the public can be expected to react quite
negatively, thereby negating any monetary advantages derived through the use
of avionics. The mm -main danger as far as public reaction in this area is con-
cerned is the danger that the safety issue will not be addressed to avi-
onics per Se.

5.4.4.2.1.4 Fuel Conservation

It can be ex pected tha t fuel w i ll become an i ncreas i ngly imnportant issue
for the public. Savings in fuel resulting from avionics , even i f they are a
min ima l part of the overall fuel usage in the U.S., can be expected to engender
positive reaction .
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5.4.4.2.? Indirect Impacts

5.4.4.2.2.1 No i se and Air Pol lution

The public , especially thos~ members living in the vicin i ty of airports ,
can be expected to be impacted negatively by growth made possible through the
introduction of advanced avionics (re f 33).  First , the inhabi ta nts  dwel l ing
near aim -p orts fear for the value of their homes and for the demographic mm - makeup
of their nei ghborhood. Public attitudes can be expected to be i mpacted neqa-
tively by the protests raised by those i ntuediately affected by a large increase
in air t ra f f ic .  Second , air pollution created by increased traffic has a nega-
tive effect on the genera l public.

Avionics will dir ec tly tend tow am -J preserving the environment , but as a~secondary effect wil l  permit expansion of the air traffic systemim , which will
tend to increase pollution . An interesting additional factom- in ti -m is regard
is that most people are somewhat unwilling to invest money for the iniprovenment
of environ irment al conditions (ref 34). The paradoxical result is that systemims
such as MLS are potential noise and air pollution reducers , but the eventual
impact on the public nay actually be a perceived increase in pollution.

5.4.4.2.2.2 Airports

Growth in the air traffic system will require ei ther expansion of
operations at current airport facilities or the construction of new airports.
Public reaction can be expected to be negative to both. The addition of traffic
to present sites can he expected to increase the already substantial public
opposition to airports in their neighborhoods. Construction of new facilities
can be expected to encounter n-more opposition than in the past (ref 35). One
countervail ing considerati or in this rega rd is that the public, relevant to
this consideration , is narrowly defined as those people l ivi n Q in the vicinity
of an airport.

i.4.A .2.2.3 Recreation

The public can be expected to be favorably impacted by the  growth in the
air transportatior V ”stemli with regard to recreational possibilities. A pri m ary
consideration i’ -n-mining the public ’s attitudes are its beliefs wi th respect
to the derived pt~t ~~~~ - 1 benefits. With growth in the system , these can be
expected to increase. Further discussion of this issue can be found in
Section 5.2.

5.4.4.2.2.4 Urbanismu

Growth in the air transportation system li could result in either decreased
or increased urbanismn. If the proposed avionics system leads to increased
concentration of traffic in n-major airports, then the public will be negatively
impactei. Over one-fourth of the current city dwellers want to leave the city .
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This proportion increases ammmong people under 30 (ref 36). Thus , having to l ive
in urban areas because industry is concentrated there will result in a negative
public attitude . On the other hand, if immp l em iment ation of the avionics system
mm- means p r i mar i ly  d i ve rs i f i ca t i on  in the system im and an increased emphasis on
business related GA travel , then the public will react positively. It is likely
that so-mime com bination of the above two condit ions wi l l  occur. Thus , the
public ’s attitude in this regard si -mould remmmain fairly stable and ambivalent.

5.4.4.2.2.5 Emmiploymnent

The public will probably view growth in the air transportation system as
increasing possibilities of emmmp l oymm m ent. This factor is one of the p rimmma ry
dimnensions of the public ’s favoring a new technology . Therefore , public
att i tudes can be expected to favor system - mm growth in termu s of ti -m i s dimension .

5.4.4 .3  lmm pacts on Value Hierarchies

5.4.4.3.1 Introduction

Values , unlike attitudes , tend to be quite enduring. They are slow to
react to changes in society and therefore transcend the temporary fluctuations
of events. Yet they are susceptible to change on a long term basis. They are
thus an excellent guide to studying long-range impacts on society . By the
same token , if it is estimated ti-mat si gnificant value structure cl-manges will
occur as a resul t of a technological innovation , then the question of values
becommmes an immmportant determm minant in assessing such an innovation.

5.4.4.3.2 Current Studies

The recen t advances in the emmmpirica l study of values have been mm - made pos-
sible by the recognition that the appropriate mm -means for their study is not
an esti m ation in an absolute sense , but rather ti-me construction of an hier—
archi al arm-angemn ent. Shifts in the hierarchy can then be observed over
timne (ref 37), although a study undertaken in ti-me years 1968-1971 by M. Rokeach
demmionstrated that little alteration of the public ’s value hierarchies occurs
in the relatively short span of three years (ref 38).

Two recent studies are relevant to the analysis in ti -m is section because
they directly address some of the chief concerns of the American public.

The first study , undertaken by Oillm iian and others in 1974, established
a rank ordering of public values. In order of decreasing com-minitmuent , the
public ’s value priorities are (ref 39):

1. Law and order
2. Pollution control
3. Protection of nature
4. Public education
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5. Emnploynlent opportunities
6. Personal health and security
7. Urban proble m-mis
8. College youth concerns
9. National defense
10. Assistance to agriculture
11 . Aid to foreign countries
12. Space exploration

The second study , undertaken by Christenson and others in l-)7b , mtt em npt ed
to distinguish between values on the basis of whether they were societall y or
self directed. It can be expected that negative cl-manges in imuporta nt personal
values will be perceived as detrimental by the individual concerned . ror the
purposes of this analysis , howev er , it is the societal dim imen sion which is of
primnary importance. The results of tim e study are as follows (re f 40):

Rank Order Type o I Val ue

1 . Moral integrity Soci al
2. Personal freedomm i Personal
3. Patriotism - mi Social
4. Job Personal
5. Practicality Personal
6. Political democracy Social
7. Humm ian itarianism im Soci a l
8. Getting ahead Pem -con al
9. National progress Socia l
10. Material comi fort Personal
11 . Leisure Personal
12. Racial equality Soc ia l
13. Individualismi m Personal
14. Sexual equality Social

5.4.4.3.3 Value Changes

An important issue is the extent to which it can be expected that
changes in the above hierarchies will occur as a direct or indir ect ,-esult of
the introduction of a technologically advanced av ion ics  sy ’.t”m.

5.4.4.3.3.1 Personal Values

The personal values in Christenson ’s hierarchy describe qualit ie s of the
individual and , hence , would tend to be resistant to t m - chn o lo q i ca l l y  indu ced.
change . Nevertheless, given the specific nature of these values and their
places in the hierarchy, it would seem that the growth in the air transporta-
t ion system would actually be quite supportive of the current value structure .
Personal freedom, the ability to work , and being practical and efficient can
all be ex pected to rece i ve s trong su ppor t . The values of mater ia l comfort and
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leisure can expect to receive further upgrading.

5.4.4 .3 .3 .2  Social Values

More pronounced im-m ipacts can be expected for social values. A look at
— Di l lm n an ’s scal e of pub lic valu es i s i nstructive . Ranke d numbers two and three

on his scale are pollution control and the protection of nature , respectively.
It is clear that if the air transportation system grows without a concomitant
emi -mphasis on the preservation of these values , negative public reaction can be
anticipated . Emimployment opportunities and urban problems should remain at
about the sari-me level of importance unless avionics has its primary impact on
commanercial traffic, in which case concern with these problems could be intensi-
fied as a result of increased urbanization . This would result from-mi increased
industry concentration around the major hubs .

National defense , aid to forei gn countries , and space exploration could
become mm-more important concerns. National defense would comm-me immore to the
forefront because the world dynamics becom e global in nature and thus the
U.S. could feel more immediately threatened.

It can be seen that mi-most nationalistic values are not very hi ghly placed
on either of the valu e scales. Therefore , deterioration in this regard mui ght
not be very pronounced. Aid to foreign countries can be expected to becomne mnore t

important, again because of the growing integration of the world. Space
ex p lora ti on woul d recei ve i ncrease d emphas i s due to the technolo gi cal fall out
from avionics developments . This would be, parenthetically, an interesting
reversal of past developments in the space industry .

5.4.5 Summiary

Implemimentation of the 1995 avionics system would result in si gnificant
impacts on the env i ronment , demography , and public attitudes and values.

Advanced avionics could significantly increase air quality in the airport
vicinity , but only under conditions of little or no increase in the numi ber of
airport operations. However, advanced avionics could si gnificantly reduce
community noise levels even under conditions of a relatively large increase in
the number of airport operations.

Demogra phi c var iab les and the advance d av ion i cs system w i ll i nterac t
synergistically, with the demographic factors reinforcing the tendency of
advanced avionics to support growth of air traffic.

The impacts of the avionics system on the public ’s attitudes wi ll be
mixed. This is only to be expected. As one study shows : “This com-miplexity
of response [to technology] suggests that attitudes toward technology are
multi di mens ional rather than unitary .” (ref 41). The attitudes will be
influenced largely in terms of benefits derived from the system. On the whole,
public perception in this regard can be expected to be positive . The mi-major
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potential perceived disbenefit is the indirect one of additional pollution as
a resul t of growth. However , if avionics actually retards increases in
pollution and the public perceives this , therm public attitudes will be favor-
ably impacted as a result of the introduc t ion of advanced avionics.

— 

5.5 Industry

5.5.1 Introduction

Airlines and aircraft equipment manufacturers are the parties of interest
which comprise the aircraft industry . Manufacturers include producers of air-
frames and producers of avionics subsystem -mis such as computers and equipment
for navigation , gu idance , comminunication , and control. While anticipated impacts
on these parties are expected to be pri m arily economnic, legal i mpac ts must also
be considered.

5.5.2 Airlines and Manufacturers

5.5.2.1 Introduction

Advanced avionics will have primarily an economic impact on airlines and
aircraft equipment manufacturers . Airlines will pay the cost of airborne
av ionics while the federal government will pay the major cos ts of new a i r
traffic control technology. Ai rborne avionics include attitude and thrust
control , the fli ght mana gement sys tem, active controls , the integrated fli ght
data display , and commun i ca ti ons . None of the presen t U.S. p roduce d a i rcr aft
incor porate dig ital avion ic s on an ex tensive bas i s . Most systems are analog in
nature. A current jet transport incorporates twel ve or more systems that

— serve as computers (ref 42). Digital systems improve precision , capacity ,
and reliability. For a given function they mi-may cost about half as much to con-
struct and deliver as the analog systems which they replace . Their maintenance
cost can be as little as half that of a nonintegrated analog system (ref 43).
By providing a reduction in weight , digital avionics contribute to fuel
conservat ion.

5.5.2.2 Direct Operating Cost

One cr i ter ion used by airlines for assess ing the poss ib le bene fits of
advanced avionics technology is its effects on aircraft annual direct operating
cost (DOC). The major components of direct operating costs which can be
affected directly by the application of advanced avionics are first cost, fuel
cost , labor cost , and ma intenance cost .

1. First cost is the amount of money required to purchase the equipment,
whether it is an entire aircraft or a major component. The first cost is
depreciated over the life of the aircraft . The typical cost today of a new
airplane ranges from $17,000 for a small general av iation tra iner to
$40,000,000 for a fully equipped jumbo jet (ref 44).
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2. Fuel costs are becoming an increasingly important factor in operating
per formance . In May 1979, the 11 major domestic trunk carriers used 551 million
gallons of fuel at a total cost of $274 million. This represented a 304 percent
in crease i n fuel costs over July 1973. The i ncrease woul d have been even
greater had not United Airlines been on strike during this period. Fuel costs
in 1978 accounted for 20.3 percent of direct operating costs for the U.S.
trunk carr iers versus only 11. 7 percen t in 1973.

3. Labor costs for the cockpit crew and fli ght attendants comprise about
14 percent of airl i ne direct operating costs.

4. Maintenance costs contribute about 16 percent to direct operating
costs. These costs include test equipment, repl aceme nt parts , and the labor
necessary for these activities.

Advances in avionics technology which can reduce aircraft direct operating
costs will be highly beneficial to airline economic prospects. A combination
of a 30 percent reduction in fuel cost and a 20 percent reduction in maintenance

— cost would result in a 15 percent reduction in direct operating costs. As air-
craft complexity increases , av ion ics sys tem cos ts increas e. However , the rate
of cost i ncrease i s less for advance d systems than it has been for current
systems .

Dig ital techniques applied to near-term derivative aircraft can reduce the
number of line replaceable units by 50 percent and the number of different parts
by 50 percent (ref 45). Also , the mean tin-me between failures (MTBF) would be
expected to rise from 350 hours to mnore than 800 hours . This will produce
si gnificant reductions in the weight , size,power dissipation , fa i lure rates ,
and the cost of avionics equipment. Better reliability and maintainability
w i ll reduce the time the a i rcraft i s out of serv ice for overhauls , thereby
i ncreas i ng a i rcraft ut ili za tion

Advanced avionics technology may eliminate the need for the third flight
crew member. Reduc ing the crew from three to two reduces flight crew cos ts
about 15 percent to 20 percent , thereby reducing the direct operating cost.
Fli ght crew ’s pay increases with increasing flight length and maximum takeoff
gross weight (ref 46). Therefore, technology wh i ch reduces max imum a i rcraf t
wei ght while accomplishing the same or a better mission objective provides
some additional hope of reducing fl i ght-crew costs.

Var ious advanced avionics technolo gi es do not alwa ys combi ne so as to
yield their full potential when they are applied to a single aircraft . There-
fore , the potential economic gains and fuel savings provided by individual
av ionics technolo gie s are not d irectly addit ive. Econom i c impacts will be
evaluated for the ai rborne avionics technolog ies of attitude and thrust control ,
flight management , active controls , integrated flight data displ ays, and
comunications , and for satellite and groundbased avionics used for navigation
and guidance~and a ir traff i c control .
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5.5.2.3 Airborne Avionics Technolog ies

— 5.5.2.3.1 Attitude and Thrust Control

The major benefit to the airlines of aircraft attitude and thrust con-
trol will be im proved fuel efficiency . Fuel consumption may be reduced between
4 percent and 5 percent. Avionics for attitude and thrust control will increase
the complexity and cost of the aircraft. The cost increment will be only a
s-mr -mall fraction of the price of a commnercial airliner or a sophisticated general
av i ati on p lane. However , the additional cost will probably make avionics for
attitude and thrust contro l prohibitive for s-mi -mall general aviation aircraft.
Improved att i tude and thrus t contro l w i ll require increase d research and
develo pment (R & 0) effo rt and ex pense. Thi s cos t w i ll be passe d on to the
purc haser of the aircraf t, although some R & 0 may be funded by the federal
government.

5.5.2.3.2 Flight Management and Onboard Con puter Contro l

Fuel savings are estima ted to be about 1 to 2 percent over fuel consuimip-
tion wit hout flight m anagement and onboar d computer control (ref 47) . The
major disbenefit will be the cost of R & 0 which ~.hould be sn-mall compared to
the benefits derived. The airlines will benefit through fuel efficiency,
smoother fl i ght characteristics , and possible reduction of delays and loiteri-ng
at destination airports . The major disbenefits include the cost of the equip-
ment, the increased personnel training required , and the increased n-maintenance
comp lex ity. Avionics manufacturers w il l benefit through sales of added
equipment. On the other hand , aircraft n-manufacturers will have to modify
their engineering designs to accomodate the new fli ght mi-management and onboard
computer technologies . The pilot ’s job will be aided through automat i ng some
calculations and operations which he cannot perform efficiently. The -mi -main-
tenance of the onboard computer may be simpler than the maintenance for
present manuall y opera ted mechan i cal and hyd raul i c con tro l s .

5.5.2.3.3 Active Controls

Active controls technology (ACT) has the greatest prospect for offering
near term, low cost , effective relief to the airline economic dilem m a. Active
controls offer the opportunity to make an aircraft mi-more adaptable to its
operating e,mvironment and thereby avoid weight and drag penalties.

The extent to which the efficiency of a commercial transport can be
improved by applying active controls has been the subject of several studies
(ref 48-50). For new coniimercial transports the gains in efficiency that can be
expected are about 5 percent for an all-out reduced static stability system
and about 7 percent for the combination of gust load allev iation , maneuver
load allev iation , and flutter suppression systems (ref 51). Resulting improved
fuel efficiency from 5 percent to 10 percent has been estimated for transports ,
for example, In the NASA Aircraft Energy Efficiency (ACEE) Program , whic h woul d
be equiva lent to an annual fuel savings of 400 million to 800 mim ill on gallons
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for the current U.S . fleet (ref 52).

The es timate d quant i f i ca ti on of the gains and the ef fects of each ACT
concept for DC-b technology are noted below (ref 53):

Percent Reduction Relative to DC-b Technology

Concept DOC Fuel Burned

High-Aspect-Ratio-Supercritical Wing 4.5 9.0
Hi gh-Aspect Ratio (1.0) (4.0)
Supercritical Wing (3.5) (5.0)
Advance d H i gh—Lift System 1.9 1.5
Augumented Stability 0.5 1.7

The imnprovements in both DOC and fuel usage for each concept are substantial.

Application of active controls technology , coupled with wing tip modifi-
cations , can result in fuel cost savings , based on February 1978 fuel prices ,
in the order of $100,000 to $200,000 per year per airplane for typical Boeing
747 operations (ref 54). Use of active controls for wing load alleviation and
for stability augmentation would result in a combined fuel savings of 6-7
percent for the L-lOl l (ref 55). The overall potential fuel savings from
active controls and advanced guidance systems are sumnnarized in Table 5-3.
In tern-ms of the fuel used by the U.S. scheduled airlines , the sav ings woul d
be 18.5 percent of the total fuel consumption of 1.85 billi on gallons per
year at a cost savings approaching $740 million (See Table 5-3). Active
controls and advance d guid ance technolo gi es w ill most likely result in
increased n-maintenance costs. This is a result of the critica l imimportance of
such technolo gi es .

5.5.2.3.4 Integrated Fli ght Data Display

Integrated flight data displays will cost less to install and maintain
than the ind iv id ual mec han ical di s p lays wh i ch they w i ll rep lace . Benefits to
the airlines of using integrated digital data displays include :

1 . Fewer par ts , spares and interfaces
2. Simplified installation
3. Improved ma intenance a ids , fault identification and flagging
4. Multifunc tion standard modules
5. Improved reliability of parts and system

The followin g table taken from (4) quantifies the impact on performance
improvement and cost reduction.
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Table 5-3

Potential Increases in Efficiency Due to Airborne Electronics

Gallons/Yr. $/Yr.

Reduced Static Stability System 5 500 M 200 M

Maneuver , Gust Load Al lev iati on ,
Flu tter-Suppression System 7 700 M 280 M

Vert ical , Horizontal Guidance 5~ 550 M 220 M

4-0, (X, Y , T, Z) Guidance 1 100 M 40 M
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Area Effect

Weight 1/5 to 1/10 reduced

Ma intenance Cost 1/2 or less reduce d

In itia l Cost Equal or less

System Flexibility Si gnificantly improved

5.5.2.3.5 Communi cations Technology

Improved communications would improve the prof it margin of a irl i ne corn-
panies. Aircraft equipment manufacturers would certainly benefit from the
increased sale of new communications equipment along with increased profits
from researc h and testing of the equipment. Benef i ts to a irl ines because of
improved communications would be higher crew productiv ity. Disbenefits might
be a barge initial investment in the installation and testing of new com-minuni- - -

cations equipment.

5.5.2.4 Navigation and Guidance

Fuel economy w ill be improved by a number of nav i gation and guidance
systems . For examp le, GPS and RNAV , which will enable aircraft to fly direct
routes point ot point with improved weather information , shoul d produce about
a 1 percent saving in fuel usage. It is believed that an additional 1 percent
sav ing in fuel consumption can be realized by reducing the time spent in
holding patterns. This improvement may result from 4-D RNAV which will enable
an aircraft to meet its expected time of arrival with greater accuracy. - -

5.5.2.5 Air Traffic Contro l

As a resul t of improved air traffic control , airl ines may experience
,1,~oroved utilization o-f aircraft , better in-fl i ght commun i ca ti ons , reduced
fu~ l usage, no i ncrease in fli ght times over those of today, and better on-
times performance. The introduction of MLS will enable more fuel efficient
lan ding patterns to be implemented. It is estimated that a 5 percent reduction
in fli~,ih t times due to air traffic control improvements will result in a 3.1
percent decrease in direct operating costs. However, airlines may have to pay
higher landing fees and increased avionics costs for airborne equipment
needed to interface with ground based air traffic control . Today ’s flight
safe ty standards w ill be maintaine d .

As a consequence of increased air traffic , general aviation may have its
access to major airports reduced and restrictions on its airspace increased .
To nav i gate in more highly restricted air space , new , ex pens ive , onboard
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avionics equipment may be needed. General aviation aircraft may anticipate
more fuel-efficient landings , a safer flying environment at s-mi -mall airports ,
and higher landing fees.

5.5.3.1 Product Liability

Product liabi lity law can be traced back to the nineteenth -century
English case of Winterbottom v. Wri ght. Since the defendant in this case was
not the manufacturer of the product in question , he was judged not liable for
its defects. In other words , under this interpretation a direct contractual
relationship between the consumer and the manufacturer had to exist before the
user could be awarded damages bacause of the product ’s malfunctioning. The
requirement that there be “privity of contract” between the injured party and
the perpetrator/n-manufacturer was commonly accepted until 1916 when the Court
of Appeals of New York handed down a ruling which began the modern trend of
product liability law. In the case of MacPherson v . Buick Motor Co., the
court ruled that the manufacturer was liable for his finished product and its
component parts even though privity of contract did not exist between him and
the individua l consumer.

The next milestone decision in product liability law occurred in the case
of Henningson v. Bloomfield Motors (1960). The New Jersey Supremne Court ruled
that not only the -mi-manufacturer but also the vendor were responsible for a
product’s mal func ti on . Recourse under the law was extended to any person
whose use of the product might reasonably be anticipated. In addition , this
decision clearly established the concept of negligence in product liability
law by declaring that the manufacturer had a definite duty to insure that his
final product was not defective by providin~ for inspection and quality control .A 1963 case heard in California extended the concept of negli gence to a hi gher
lega l standard , “strict liability .” Under this ruling a manufacturer of a
dangerous it em i s liab le for all injur ies suf fered , whether or not the injury
was the resul t of negligence or an unforeseen event.

In summary, the evolution of product liability law has moved from a
position n-more favorable to the manufacturer to a position more favorable to
the consumer. As curren tly interpreted , the law holds that by placing an
art icle on the marke t, the manufacture r has certified that the product will
safely do the job for which it was built. The intent of product liability 1
today is to see that the costs of injuries resulting from defective products
are borne by the manufacturer who put the item on the market and not by thc~user who is powerless to protect himself.

Recent court cases involvin g aviation and product liability law h~ ve
resul ted in the following interpretations. First , that a product liability
case can be brought in one or a combination of three ways; (1) neglige4’-ice ,
(2) breech of am impl i ed or expressed warranty , and (3) Strict liability .
Second, that the airframer and not his subcontractors is liable for the safety
of the aircraft and its component parts. Th i rd, that in designing aircraft ,
the airframer must take into account safety and survivability for the crash
mode, since he is strictly liable for all modes of operation and the total
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env i ronment in wh i ch the product is use d . Fourth , claiming that the product —

conforms to “state of the art” technolo gy is--in general--no defense in a suit
involv i ng an unreasona bly dangerous product.

This legal environment has direct ramifications for advanced avionics
implementation. Product liability cases against airframers and operators
have increased over the past years--even though the U.S. aviation safety record
(based upon number of fatal crashes) has improved. In 1975, for example, there
were one million aviation product liabili ty suits in the U.S. Boeing alone
was sued 400 times for product liability in the period from 1971 through
1976 (ref 56). While the safe operation of aircraft has always been a primary
goal of the industry , the severity of judgments in aviation product liability
cases in recent years has force d a i rframers to adopt an extremel y cau ti ous
app roac h. There i s even some indi cat ion that manufacturers may be reluctant
to introduce product improvements for fear that this would be interpreted as
poor initial design. Thus , intimidation of airframers by product liability
litigation will probably be a constraining factor in the implementation of
advanced avionics on future aircraft and is responsible for the “evolutionary”
rather than “revolut ionary ” attitude toward change in design which dominates
the industry today.
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5.6.1 Introduction

:~ The implementation of the 1995 avionics system will have important impacts
on government agencies and their regulatory policies. This section considers
the impacts of advanced avionics on two government agencies , the Federal
Aviat ion Administration ( FAA ) and the Environmental Pro tec ti on Agency (EPA).
The FAA is examined with respect to certification , international regulation , air
traffic control , organization , and noise control policy . The air quality
standards of the EPA are also treated .

5.6.2 Federal Aviation Administration

5.6.2.1 Changes in FAA Certification Considerations

Di gital equipment has been FAA certified for some time . As long as these
i tems were limited to a relatively discrete function and as bong as the soft-
ware was treated in the same way as hardware , no special certification problems :~.
were encountered. However , because neither of these conditions apply to ad-
vance d av ion i cs , and since strict product liability has now become a guiding
lega l principle , the whole concept of certification must be rethought.

Among other things , the FAA currently requires that avionics n-manufacturers
provide:

1. A clearly specified validation procedure with documentation to show
that this validation procedure has been carried out .

2. Documentation that “state of the art” tools were employed in the
validation procedure .

The FAA will require in the future, especially where a considerable number
of func ti ons are i ntegrated , additional and far more stringent criteria. These
wil l inclu de, but will not be limited to: hardware desi gn , software specifica-
tions , a total systems description , and a total systems demonstration .

The FAA will require hardware desi gn to include provision for a hi gh degree
of redundancy , sensor and actuator interface , self testing , failure detection ,
failure annunciation , and failure i solation. p

Software specification will include at least: validation and
of the total functioning system to insure that no unintended function appe~ir;code analysis to insure that the code employed correctly implements softw~iredesign ; and an integration analysis and text procedure to insure that the hard-
ware modules interface with the software. Specifications mi -must also be incor-
porated to insure that any software modifications are subjected to the above
procedures and that the incor porat ion of the modif ica tion i s thorou gh ly docu-
mented. The manufacturers will certainly be called on to provide a complete
“total systems description ” and system demonstration .
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Although we have barely scratched the surface here , it is clear that the

certification problems generated by an attem pt to im ple m ent new avionics systems
may be formidable. It is possible that the U.S. may, in a sense, fall behind
the leaders because of bureaucratic protectionism in a consumer advocacy
environment. The situation can be understood by analogy to the relation of
the Federal Drug Adminis tration (FDA) to new drugs. Typically, these drugs
are tested on European populations while the FDA waits and sees. Whether or
not this procedure is in the public interest is debatable. What is not
debatable is that such “conservative ’ practices are in the interest of those
who administer the agency.

5.6.2.2 International Regulatory Aspects 
- 

-

The FAA changes its rules and regulations in response to iniprovenients made
by manufacturers of avionics equipment. The FAA gener~. i~~ does not change its
rules to encourage change in avionics , but m erely reacts to safety problems and
res ponds to proposals of avionics mimanufacturers. When the FAA changes regu- —

lations to al low the implementation of new avionics in the U.S . ,  this has an
impact on the international regulatory environment.

Adoption of new techology on the international scale is subject to
si gnificantly different pressures than is adoption of technology by the FAA
within the U.S. Introduction of new technology in the field of international
civil aviation is likely to have a direct impact on the formulation of what
are called “International Standards and Recomnnmended Practices ” (SARPS).

The International Civil Aviation Organization (ICAO) formimulates such
SARPS through a delicate process of persuasion and consensus -building (refs
57 ,58). Introduction of advanced avionics is likel y to increase the demands on
the ICAO to formulate a number of international standards and practices relating ii -
to specific avionics technologies. Experience with the MLS standard formulation
by the ICAO has shown that it takes a long time to formulate SARPS--almost nine
years for this specific technology (ref 59).

This lengthy decision- m aking by the ICAO was due to the complex politico-
technical considerations associated with the decision. The ICAO bodies are
staffed by technical experts who generally evaluate aviation technology from
the viewpoint of its technolog ical efficiency . But on the other hand , when
competing national technologies are evaluated by the experts , political con-
siderations do enter into the decision process. When one nation ’ s bid for a
specific technology wins against the other nations , the winner derives immense
politico -economic benefits by marketing the technical product. An example of
this m~y be seen in the decision by the All Weather Operations Committee of the
ICAO about the choice of the MIS system in Apri l 1978 (refs 60,61).

Introduction of advanced avionics like GPS is likely to demand even m ore
from the ICAO ’s decision-making structure . Although the process of formulating
stan dards for advance d av ionics by the ICAO seems cumbersome , its lack of
authority to ensure compliance with such standards by contracting states is
still weaker.
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Underdeveloped nations may oppose ICAO adoption of advanced av ionics due
to the costs associated with changes in the air transport system. Underdeveloped
countries realize that an indication of their level of development is the degree
to which they have adopted available technology . Consequently , if they d-o not
have funds availabl e for updating their current avionics systems , they would
probably oppose an updating proposal in order to reduce the perceived sti gma o~ -

being behind the time s in the field of avionics. Therefore , the federa l govern-
rnent mi ght have to consider providing financial assistance to underdeveloped
countries in order to assure ICAO adoption of improved avionics.

In addition , since the FAA issues its rules and regulations pursuant to
international agreements as well as congressional mandate , it will have to
bear in mind that it is constrained by the international agreements entered into
with the ICAO . Therefore, the internal political pressures of the ICAO bea r
upon the adoption of new avionics.

5.6.2.3 Air Traffic Control

5.6.2.3.1 Introduction

Air traffic control (ATC) is one of the most important aspects of the
civil air transportation system. While the typical civil aircraft spends only
18 percent of its operational time in the immediate terminal area , this phase
of fli ght accounts for 79 percent of all accidents. Even more dramatic evidence
is available from looking at the final approach and landing phases of flig ht.
These phases account for 4 percent of fl i ght exposure , but 44 percent of all
accidents. Thus , from a safety standpoint , air traffic control in the terminal
area is of critical importance .

From an economi c standpoint , the role of air traffic control is also
significant. Planes delayed -in fl i ght because of landing and takeoff difficul-
ties cost money . Fuel is needlessly burned by planes while waiting for takeoff
clearance or circling airports because of landing congestion. Additional ly,
passengers are delayed and plant utilization deteriorates. This results in
still further passenger delays downstream , causing a substantial loss in
productivity for all parties involved. In response to this situation , airlines
have lengthened route travel times in order to adjust for expected terminal
delays . Despite this , the sche duled arr i val performance by a irl ines has been
disappointing. An analysis of airlines serving the top 200 U.S. markets in
March of 1979 indicated that only 68 percent of fli ghts arr ived on time. Here~~*on time is interpreted as an arrival within 15 minutes of the stated schedule .

5.6.2 .3.2 Present ATC Environme nt

The present day ATC environment can be best characterized as a sha— ing of
responsibility between pilot and ground control . The system is either radar or
v i sually based with a modest degree of computer interface and a strong reliance
on h~mmnan monitoring. There are, for example , currentl y no operational computer
based algorithms to aid in systems control.
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Current ly , there are approx im -m ate ly 14,500 airports in the U.S. with roughly
4~-’~ havi n9 FAA contro l towers . Of these , approxi m ately 63 have so-mi -me com -m mputer
fac i l it it’s (ARTS I I I ) and t.he ,-e are 1ddi t I ona 1 ly 20 eimroute dom imesti c flight
centers wh i ch al SO have com upu te r ba sed sys te mmis

The FAA budget is currently on the order of $‘.B billion (1978). This is
(‘\p(~C ted to grow to betwe -’n $5.7 and $6.2 billion in FY l9~7. Another doubling
of the budget could reaso nably be expected by 1995-2000. There are currently - 

-
about 50,000 FAA em-mmpboyees with 26,200 actively involved in air traffic control .

Approximately 10 percent of the FAA budget is devoted to facilities and
equ i pmimeri t . In 1979 , this au-mount was divided as follows :

[nro mite ATC - $33 mi l l ion ILS and VOR/ DME Opcrat inq Costs - $67 m i l l i o n

Terminal ATC — $~3 mm - mill ion ILS and VOR/ 1)ME Fac i l i t ies  Cost — $15 mm - m i l l ion

I 1 ight Service - $16 mm - mi l l  ion Aircraft Related Equipment - $7 mmmi 11 ion

~.6..’ . 3 .3 Planned Imnprov e-mmients

Future nc m-ea s es in air tra ffic wi l l  mimak o the a ir er -m v i ronmmient potent j ab by
ilK re dangerous. The FAA , which expects air traff ic to - mm - more than double by the
end of the century , is coii~iii tted to i mm iproving the current ATC envi ronimment to
mm - ma i nta in and perhaps exceed today ’s st ,mndard of safety . The FAA is currently
planning muajor iniprovemnents in the enroute ATC system im in the nil d 1980 ’ s. This
system n w i l l  cost on t he order of $1 bill ion . Current m-es ea rch is also being
underta ken on the Ut i Ii i1-mt ion of com -miputer based al gori thmus for optima l by
schedul ing and tracking fi ights in the ter - m im inal area . The FAA wi l l  also probably
take a muore act ive role in the development of ATC system - mis which emimphas i ze fuel
e l f  iciency.

5 .6. 2. 3 .4 New Techno log ies

Imimproved air traffic contro l has ‘he potent ia l  for dramatically reducing
fuel consum uption in the terminal flight phase. [nmprovemm ients in the AIC systemims .
and development of systems such as 4-I) RNAV , MIS , and wake vortex detection
will result in reduced terminal flight de l ays, more fuel efficient landing
profi les , and increased throughput ca pac i ty . The NASA Term i-minal Configured
Vehicle (TCV) has demonstrated advanced electronic system-mis cwm patib le with
future ATC demands and the increased need to fly fuel-efficient profiles .
Early flight testing by Boeing of the NASA B-/37 airplane equipped with a
precision 4-0 navigation system -mm demimonstrated timm ie errors (deviation from
preselected schedules) of about 2 seconds on final approach. This performance
value is comupared to current outer mm - marker del ivery precis ion of 15 to 20
seconds which is achieved by controllers mm -m anually spacing unequipped aircraft
for f ina l approach. With other constraints remnoved , this increased accuracy
can double the runway ac -eptance rate. Boeing estimates that 4-0 RNAV alone
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has the potential for annual benefits on the order of $500 n- m il l ion just in
terms of airl ine direct operating costs , airport landing fees , and airl ine
revenues in 1995.

The -mm -microwave landing syst em-m i (MLS) -mm -may brin g scheduled service to existing
airports where u S  cannot be economically installed . According to an FM study
(ref 62), the resulting ii-mmpr ovenment of air transport facilities mm -may provide a
$450,000,000 benefit in terms of increased economic activity . Additional air-
port capacity i-nay be provided by segregation of traffic through the use of the
flexible course and glide slope capabilities of MLS . Increased airport capacity
nay provide direct and indirect long terni economic benefits of $150, 000 ,000
annually (ref 63) .

5.6.2.3.5 Economi c Imiipact of Improved Air Traf f ic  Control

The major economi c impact of improved air traffic control capability on
the federal government will be increased spending by the FAA on computer based
systems. The number of FAA personnel engaged in air tra ffic control should
remmiain constant. An increase in FAA controlled airspace is anticipated ,
requiring additional equipment and greater coverage at mm-more airports. The
gover nmment may att empt to charge c iv i l  aviation , the users of airports , for
services rendered by the FAA. The effect on airports of immiproved air traffic
control mm-may be increased avionics costs , increased landing fees, and additional
pressures from-mi local commmn munities regarding noise , pollution, and congestion .

5.6.2.4 Effect of Avionics on FAA Organization

In a discussion held with FAA officials in Washington , it was stated that
due to a lack of mi-manpower and expertise the FAA was unable to perform -mm a leader-
ship role in the field of avionics. The FAA has limited -mm -manpower available
to cover such diverse areas as control of the airspace , the aircra ft industry ,
and air traffic nmanagement. The FAA is also responsible for periodic inspec-
tion of all aircraft, for regulating airline -mi -maintenance procedures , and
for certifying new aircraft .

These complex tasks in regulating advanced avionics and the air transport
system utilizing them may become so great that the FAA is no longer able to
accomplish them singlehandedly. Reorganization of the FAA nay therefore be
proposed . The most probable reorganization would authorize the FAA to perform
the sole function of a safety agency . The Federal Aviation Act currently
delegates to the FAA a dual m ission . On the one hand, it is supposed to insure
the “highest possible degree of safety ” (Section 601 , 49 U.S.C. 1421). On the
other hand , it is supposed to “encourage and foster the development of civil
aeronau ti cs ” (Section 305, 49 U.S.C. 1346). The two goals appear to conflict.
Reorganization n-may alleviate the problem. Undoubtedly proposals will be made
to create two agencies. The FAA would continue to be responsible for safety ,
and the new agency would be responsible for encourag ing and fostering the
development of civi l aeronautics.
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5.6. 3 Federal Env i ronmental Pol i cy

5.6.3.1 Air Quality Standards

The Clean A ir Amendments (1970) gi ve the Env i ronmental Protect ion Agency
(EPA) exclus ive regulatory authority over particulate and gaseous emissions
from aircraft eng ines (ref 64). The EPAP , which was discussed in Section
5.4.2.2, i s not only a measure of the a ir pollut ion em i tted by a i rcra ft engi nes.
The EPA also uses it to define air pollution emission standards for both newly
manufactured and newly certified aircraft eng ines.

In order to assi gn the EPAP a value that can serve as an emission standard ,
the EPA first defines a standardized ITO cycle which is intended to reflect
the time actually spent in each of the LTO cycle modes by aircraft at major
airports during peak traffic periods , and secon d , defines a standard engine
power setting for eac h mode of the ITO cycle whi ch reflec ts ac tual operat ional
procedures in that mode. The standardized power setting determines the
emission rate for each pollutant in the various modes , and the standardized
LTO cycle determines the time at each emission rate , thereby allowing Vcalculation of a specific ceiling value for the EPAP (ref 65).

As shown in Section 5.4.2.2, if future avionics do in fact conserve fuel ,
they will do so either by shortening the actual LTO cycle of aircraft or by
otherw i se al ter ing the amount of fuel consumed in mode. These ac tual chan ges
in aircraft operations would a l low aircraft to si gnificantly best the current
ce ili ng value for the EPAP .

Allowa b le poll uti on levels generall y tend to be a func ti on of the st ate
of the art in pollut i on control , and new standards establishing lowe r a llow-
ab le pollution levels are fo rmula ted when these lower levels become technicall y
and econom icall y feas ib le . Moreover , the Clean Air Amendments (1970)
specifically direct the EPA to set aircraft eng ine emi ss ion standards wh i ch
are consistent with technical feasibility and to set the timetable for compl i-

• ance with these standards only after considering technical feasibility and
cost. Presumably this wording of the law implies revision of the standards
whenever tec hni cal ad vances make lower standards poss ib le.

Thus , when the implementation of a gi ven av ion i cs technolo gy or system
causes a de facto reduction in the LTO cycle of aircraft or power setting of
aircraft engines in the various modes of the ITO cycle , the EPA w ill most
likely adopt a lower EPAP, s i nce thi s downwa rd rev i s ion of the EPAP w ill
amount to nothing more than making the standard coincide with actual practice.
Moreover , because the potent ial of new av i on ics technolo gi es and systems to
reduce a i rcra ft fuel consumpt ion i s favore d jus ti fica tion by the a ir trans port
industry for the capital investment required for implementation of these
avion i cs , each successive generation of avionics can be expected to produce a
further reduction in a i rcraft fuel consumpt ion, which in turn w ill cause a
further reduction in aircraft engine emissions , and this in turn will most
l ikely initiate a further downward revision of engine emission standards .
Therefo re, the effect by avionics implementation on aircraft eng ine emission
standards will be a progress i ve reduction in the regulated ce iling value for the
EPAP.
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Unfortunately there are two factors which keep a reduction in the EPAP
ceiling value from-mi being identica l with a reduction in aircraft produced aim -
pollution . First, the EPAP normalizes the total mass of emiiissions over the
ITO cycle with the rated th rust of the eng ine . This means that air quality
standards which are stated in terms of the EPAP cannot atop an escalation of
air pollution by aircraft eng ines , since the EPAP licenses , in effect , an
increase in engine emissions provided that it is accompanied by an increase
in thrus t . However , this seems inconsistent with the goal which the EPAP
supposedly serves--namely, the reductio r ~ aircraft-generated air po llution
to some minimum level which guarantees ~eral1 environmenta l quality . Second ,
the EPAP applies to sing le engines, and 1 - is exacerbates the inability of EPAP-
basei standards to assure air quality . Increased t ra f f ic  at an airport would
produce a proportionate increase in air pollution in the airport vicinity .
but if each engine met the current EPAP , the EPAP -based standard would not be
able to stop this decrease in air quali ty .

Therefore, the implementation of advanced .i’.’3n ics  could lead to stricter
ceiling va l ues for the EPAP . However , this increa ed strictness in governmental
air quality standards will actually improve air qua ’ity only under conditions
of stat ic  eng ine size and l i t t le or no growth in a ir- oct operations.

5.6.3.2 Noise Control and Abaterm -ment Procedures

The Amendment of the Federa l Aviation Act (1968) adds the control and
abatement of noise to the FAA ’s responsibilities. The Noise Control Act
(1972) further a-mm -mends the Federal Aviation Act to include “public health
and wel fare” among the criteria for regulatory action s and defines a joint
responsibility for the FAA and EPA in the contro l and abatemmient of aircraft
noise. Under this joint responsibili ty, the FAA is required to issue Federal
Air Regulations (FAR’s) to l imit aircraft-generated noise to a level consistent
with public health and welfare , but only after consulting with the EPA , and the
EPA is required to periodically submit to the FAA proposed noise regulations
(ref 66).

Within the regulatory fraim-mework established by these laws , the FAA has
issued FAR ’s of two different types. FAR Part 36 establishes noise c-mm -mission
standards for aircraft . The standards are stated in tern-ms of EPNdB (See
Section 5.4.2.3), and they specify the ceiling EPNdB that can be generated
by an aircraft at the measuring points (takeoff, sideline, approach), where
this ceiling va l ue is scaled according to the aircraft ’s we i ght. FAR Part 91
establishes noise abatement operational procedures for aircraft and air traffic
control . Rather than setting limit s on emitted noise , these procedures are
desi gned to lower existing noise levels , especially in the vicinity of airports.
The noise reduction impacts of avionic s which are discussed in Section 5.4.2.3
lie entirely in the domain of FAR Part 91.

As is the case for aircraft air pollution emission standards , the fact that
the implementation of advanced avion ics will pe rmi t the institution of certain
noise abatement procedures will prompt the FAA to make these procedures manda-
tory. That is, future avionics will support FAR Part 91 operational procedures
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that will greatly reduce aircraft-generated noise poll ution , and the FAA will
consequently adopt these.

5.6.4 Sun~ary

The proposed 1995 avionics system will have pronounced impacts on the
Federal Aviation Administratio n. These range from possible changes in certi-
fication procedures to a possibl e reorganization of the FAA . Implementation
of the avionics system will also result in the EPA ’s adoption of more strict
air quality standards and an expanded set of noise abatement procedures.
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CHAPTER 6

SUMMATION AND RECOMMENDATIONS

6.1 Introduction

This study has emphasized a systems view of the place of avionics in
the future air transportation system. As such it has considered not only
av ioni cs hardware , but al so the relationships among the vari ous technologies , —

the relationships between the technologies and those persons directly involved
in the air transportation system, and the rel ationships between the technologies
and society. A broad spectrum of vari ables has thus been considered .

The concluding portion of the study seeks to draw together the insights
previously gained. The process by which the design team formulated its con-
clusions is graphically illustrated in Fi gure 6-1. The fi rst part of the
assessment consists of a suminmation of the major conclusions implicit in previous
sections of the report. The second part briefly deals with some questions which
planner or layman alike would seek to have answered about a proposed techno-
logical system. Finally, the design tea-mn offers a series of recommendations to
parties of interest involved in the process of making decisions regarding the
future of advanced avionics.

The conclus ions and recommendations demonstrate that the future of avionics ,
in the current fuel and environment conscious society is a bri ght one . They
also point to some surmountable difficulties connected with the introduction of
advanced avionics . While the parties of interest will decide on the future
utilization of the technologies, this report has pointed out some of the bene-
fits and pitfalls associated with various options.

6.2 Conc luding Summary

In this section the major conclusions which have emerged from the team ’s
study of avionics are presented. Although they are listed by chapter , it
shoul d be clear that many of the conclus ions are the result of an interactive
and itera ti ve process.

Since only the major conclus i ons are briefly listed , the reader is urged
to acquaint himself with the entire text of the report in order to gain insight
into the compl exity of the issues surrounding avionics developments. In addi-
tion , the summation should be read in conjunct ion with the NASA concerns dis-
cussed in the next section .
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6.2 .1. Goals

The design tea mm i , after being introduced to the range of avionics
technologies , forimmulated the following goals for avionics through a DELPHI!
PATTERN process:

1. Of all object ives for avionics , safe transportation should be
paramount in avionics R & D, installation , and operation.

2. Other immiportant object ives for avionics developmmment should be fuel
efficiency , reduction of air and noise pollution , concern for the
man -mm -machine interface , energy efficiency , and reduction ‘~f costsassociated with air t raf f ic .

6.2 .2. Scenarios

Study of the future aviat ion environn ment resulted in the fo l lowing
conclusions:

1. FAA forecasts define the future aviation environnment in ter~s ofecono mi mic act ivi ty . Projections for 1995 include mm moderate q rowth
in gross national product , declining unienip l oymmient, and slowl~’
declining inflation .

2. The FAA expects that aviat ion growth w i l l  exceed the growth of the
U.S. GNP.

3. The design team -mm concluded that future aviat ion g rowth w i l l  be deter-
mined by a comm iplex mmii x of societal and technological conditions not
simply econonmic activity . Alternative technologies , demographics ,
changing values , and alterations in the world power structure are
factors which should be considered in looking at the future of air
transpo rtation .

4. It is at least a possibil ity that air traffi c denmand wi l l  stabi l ize
or after a n-modest increase return to current levels.

6.2 .3 Techmmolog ies

The scope of avionics technologies in use today , those which are practical
now but not yet con~mion l y emmmp loyed , and those which are only in the planning
stages, is enormous. Review of these techno logies resulted in the fol lowing
conclusions:

1. Technologies being developed show a trend toward increased autommmation
of flight function and a consequent dim mi inishi ng role for the pilot .

2. A major driving force behind avionics developments is the genera l
trend in electron ics to make use of digital technology .
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avion i us .

10. Currentl y held personal va 1 ut’s w i l l  I-me s uppo i’t ed [my the hut roduct ion
ol advanced avi on lis , whi l e  puhi Ic va I ut’s nay be s ev e r ’  ly ct ri’s cod
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11. The imm ipact of avionics introduction on tim e airc raft industry will be
primm ma ri t y econommiic. They will i immprov e fuel econonmy , capacity,
re l iabi lity , and reduce the nummmbe m - of pa m -ts to be rep l aced .

1~ . Immdu stry will have to devote additional funds to R S. P.

13. Product liability prob lemmis will have to be m’esolved before advanced
avionics ca - mm be introduced on the ba sis of the h emm et i ts  alone. The
FAA w i l l  require mm~ re stringent des iq im val I ~at ion .

14 . Landing fees fo r  a i rc raft mm mi qht have to he in cm-eas ed as a result of
irmcre ased autommmation of ground operations.

lb . New international agreemmments will have to be tormm m u la ted thro uqh the
I CAO .

16. The FAA wi l l mmma nd ate l ower level s of noise and ,mir p o l l u t i o n  dS a
result of the introduction of av ionics.

17. Ai r-plane t imroughputs in terminal areas w i l l  be increased as a result
of the introduction of avionics.

18. It can be expected that while the introduction of advanced avionics
wi l l  produce a nummmber of immit medi ate benefits , it can also produce a
backlash effect because it wi l l  al low a large increase of a Im ’ tra ffic.

6.3 NASA Concerns

As indicated i - mm section 1.3 of this report , project research and discussio im
was initiated through a set of ei ght questions posed by the des i qmm teamm i ’ s NASA
hosts. These questions provided much of the focus for time team -mm ’s subsequent
grappling with the issues pertinent to a study ot the future of advanced
avionics. Although the project desi gn was not structured around the questions ,
a nuniber of them are answere d in some detail in this report .

Because these questions influenced so umany of time te ammm ’ s deliberations
they deserve so-mi-me independent discussion . This section there fore briefly
explicates the teanm ’s answers to the questions and references the reader to
pert inent parts of the report .

1. How can avionics be used to nmi n imimize the envim-on umenta l i mm ip act of the air’
transportation ?

In genera l, the less time aircraft engines mimust be operating, the less
adverse impact the air transportation system -mm will Imave on tim e qua lity of the
environm-mtent. As discussed in sections 4.6 and 5.6.3, MLS and 4-fl navi gatio mm
have the potential of reducing both noise and air pollu tion . They will re duce
wa rm-up, taxi ing and flying time through better ti - mi - me control and mmm ore fuel
efficien t departures and landings. MLS will allow landings over non-noise
sensi t ive areas. Auto matic thrust contro l wi l l  reduce powe r settings in
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environmentally critical areas (3.3 .3.1 ) .

• It should be recognized , however , that advanced avionics wil l also make
possible an increase in traffic which wi l l  largely offset the gains made by
individual aircraft . As shown in section 2 .6.5 , public perception might thus
be that the use of avionics is responsible for a degradation of the environment.
A public education program might be necessary to inform the population of the
inherent benefits of avionics in reducing pollution .

2. How can avionics be used to make aircraft n-more fuel efficient?

In light of the recent energy crises and subsequent rise in the price of
jet  fue l , an important selling point for any technology has become its ability
to conserve fuel. A number of advanced avionics technologies are explicit ly
intended to achieve this aim.

— 4-D navigation wil l  allow direct flight routes and improve throughput
in the terminal area (3.3.2 .2)  (5. 2).

-Automatic thust and throttle controls will reduce fuel usage during the
cruise and landing phases of flight (3.3.3.1) (5. 4).

-MLS wil l allow better timed and more fuel efficient landing profi les
(3.3.2.1) (5.4).

-The data bus and other onboard avio nics wi l l  reduce aircraft weight (5.5. 1).

-Flight m3nagement computers and active controls wil l reduce drag penalties
o’m :t-~ aircraft (5.5.2).

3. What wi l l  be the role of the pi lot in the future highly automated
aircraft?

The pilot of the future will be a systems manager , his direct role as a
controller of the airplane wil l  be diminished. (3.1 .2) . A number of advanced
avionics functions , such as automatic thrust controls and active controls will
not require his input. (3.3.3) DABS and appropriate controls on the aircraft
will make totally automatic flight possible (3.3.6). There wil l  be less voice
communication (4.4) and some shift of function from the pilot to the controller
(4.6).

The positive aspect of automation is that it wil l  decrease the pilot ’ s
workload and allow him to concentrate on f l i g h t  critical tasks (3.3.4). He
will monitor and manage the flight systems (3.3.5).

It is not foreseen that the pilot will be removed from his active role as
commander of the airplane ; however , crew size on commercial airlines could
be reluced, given the introduction of advanced avionics (4.3).

The danger inherent in the pilot ’ s new role is that there wil l  be too much
underloading of the pi l ot, that he will not be able to react to emergency
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situations. Systems mmmust be des igned into the advanced cock pit to preserve
alertness and perhaps new pilot election and training procedures will have
to be instituted (5.3).

4. What role wi l l  avionics play in i m proving flight safety?

Avionics ’ role in flight safety wi l l  be mm - most noticeable in the general
area of navi gation and guidance , particularly in the regions near airports.
MLS will create a safer ter imminal operating environment (4.6). In addition ,
avionics involved in integrated flight data display , automated digital
conmmmmunications , and integrated control capability wi l l  lessen the pilot ’ s
workload , thus allowing greater attention to safety considerations during take-
offs and landings , the tim imes when -mm - most accidents occur.

Collision avoidance systems is the other mm-major area with potential for
increasing safety (3.3.2). A nutmmber of different CAS have been proposed , but
none has been universally accepted. The team felt that no onboard coll ision
avoidance system would be im-nplemented. This restri cts the effective range of
any systenm to the terminal area (4.6). An increase in m im id -air collisions could ,
however , infl uence developments in the area of col l ision avoidance .

5. In which areas of technological develop imment should the governmmment
(NASA ) concentrate its research and development efforts?

As reconinended in section 6. 4 .1, resea rch and development with respect to
avionics should be directed toward increasing safety , reducing costs , nmini nm i-
zing fuel consumption , and reducing adverse environmental impacts. Research in
the areas of performance , stability , control , reliability and range should
be pursued only if it contributes substantially to the above goals. Guiding
research should be the assumption that safe transportation is paramount in
the minds of the public.

Other imuportant areas for research recommended by the team -mm are the mm- man -
machine interface and an increased emphasis on digital applications (5.3) (3.2).

6. Wil l  the application of avionics enhance the U.S . position in the world
aircraft mm-market?

While this question is not directly addressed in the report , it was the
subject of n-much discussion among nmenmbers of the team . The consensus was that
avionics wi l l  indeed help improve the U.S. competitive position in the world
market. Much of the current crop of avionics is being produced in the U.S.,
although foreign fi rms are providing definite competition in such areas as
integrated display technology. It is in fact necessary that the U.S. expend
more research and development dollars on avionics to renmain ahead of the
competition . The success of the airbus on the international n-markets demonstrates
that U.S. manufacturers must make use of the best and miost economical technology
available.

Two cautionary notes must be appended to this view as discussed in section
5.6.2. First , gi ven the consumer advocacy environmmment in the U.S., certification
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problems n-might arise if requirements for system demonstration become too
stringent. Second , a growing portion of the aviation market will be the
developing nations which will have difficulties employ ing or affording the
advanced avionics.

7. Will the cost of the application of the new technol ogy be justified
by benefits to the systenm?

Given mi-man ’ s limited ability to foresee the future , this is an extrenmely
difficult question to answer. The costs of research and development , instal-
lation , operation , and maintenance , reduction of replacable parts , and increased
mean time before failure , would all be tangible benefits derived from advanced
avionics (5.5.1). In addition , environmental and fue l benefi ts could be
achieved as indicated in previous answers .

Benefits are not mi-measured in tangible terms only. Such intangibles
as time saved , convenience , and comfort of ride nmust also be considered. Social
costs must then be added to the dollar cost of implementation . A preliminary
assessmm ment can only consider the proxi m ate inmpacts. On the basis of these ,
as indicated in section 4.7, it would seem-mi that many of the proposed avionics
technolog ies will be a sound inve s tment ev en if the size of the air traffic
system remains static. However , it should be recognized that some of the
proposed avionics will not be cost-effective in smaller GA aircraft (3.3). -;

8. What are the societal imimpacts of an advanced civil aircraft ?

As fully discussed in Chapter 5, societal impacts of advanced avion ics
in civi l aircraft are nummmerous . Society will be immmpacted indi rectly through
the growth in the air transportation system which the introduction of advanced
avionics will permit. Di rect impacts are noise and air pollution reduction
efforts, improved safety , and increased comfort and convenience of the airplane
trip.

A summation of the important societal impacts can be found in section 6. 3.5.

6.4 Recommendations

Based on its intensive study of the role of avionics in the future air
transportation system, the design team considered it appropriate to offer a
set of reconimendation s for assessment by various decision makers . Suggestions
were solicited from all members of the team. A process of consolidation and
consensus building was then initiated in order to arrive at those recommenda-
tions which the team considered of primary importance. While the resulting
recommendations do not all directly concern avionics , each of them is relevant
to the study of avionics within a wider societal context.

Recommendations are addressed to the following decision making parties :
NASA, the FAA , the aircraft industry , and public policy makers .
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6. 4. 1 NASA

The following recommendations are offered for consideration by NASA :

1. Research in propulsion systems that reduce fuel consun mption as wel l
- - as research in non-petroleum based fuels should be continued in order

to reduce this country ’ s dependence on energy imports and to reduce
the di rect operating costs of the airlines.

2. Research and development in those areas of avionics which are designed
to improve safety, reduce costs, and lessen the adverse impacts of
the aeronautics industry on the environment should be especially
emphasized in the future .

3. The pilot ’s role in advanced aircraft should be reevaluated. After
determining the factors mmiotivatin g a pi lot as wel l as those placing
him under stress and strain , a program to analyze the mi-man-n-machine
interaction should be initiated which considers the pilot as one
‘component ” of the overall avionics system , rather than as a seperate
system.

4. Future studies designed to encourage the use of advanced avionics
should be undertaken . Where possible cost-benefit analyses should
be conducted and made available to aircraft manufacturers , airlines ,
and the public.

5. The avionics system resulting in the safest possible aircraft
operations should be outlined , regardless of the costs of the system,
in order to serve as a guideline for future activities . Research
and development in those areas whi ch are most critical for safety ,
while at the same t ime conserv ing  costs , fuel , and the environment ,
should be encouraged. 

- 

-

6. Environmental impact studies of increased air traffic on air qualit y
in the vicinity of airports should be conducted. These studies should
be conducted prior to the advocation of advanced avionics which allow
increased traffic.

7. More considerat i on with respect to costs , benefits , and i mpacts should
be gi ven to the integration of new avionics technologies into existing
avionics systems in order to help eliminate consequences not acceptable
to the public or not economically justifiable.

8. Technically qualified humanities and social science professionals
should periodically evaluate the societal inmplications of proposed —

technological advances in order to insure pub lic acceptance of such
advances .
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9. The multiplier effect of advanced avionics use should be studied by
technically qualified economists and social scientists. Impacts on
job creation and reduction , economic gains and losses , as well as
environmental changes should be conside red before public advocation
of such systems.

6.4.2 FAA

The following recommendation s are offered for consideration by the FAA :

1. The role of aviation promoter should be dropped and taken over by NASA ,
so that the FAA can devote its full energy to safety and certif ication .
If this step is taken , greater public acceptance of the FM wil l  result.

2. The FAA should no longer certify aircraft or aircraft conmponents
as fl i ghtworthy on the basis of testing by the nianufacturer. It
should consider utilizing military or NASA faci l i t ies for cert i f ication
procedures.

3. The FAA should take the lead in improving and insuring operations
safety by constantly upgrading standards as the state-of-the-art of
technology improves and the cost of avionics installation becomites
practical.

4. Voice communication between pilot and air traffic controller should
be reduced in order to reduce mm -misunderstandings -one identifiable
cause of accidents -in the future environment of increased air traffic.

5. A changing role of the air traffic controller should be encouraged
as the state-of-the-art of technology improves and costs allow .
Increased computer usage should allow the controller to become more
of a manager of automated systems, with consequent modification of
selection and training procedures for personnel being required.

6. The FAA should work more closely with NASA on the research and develop-
ment phase of avionics in order to insure that optimally safe tech-
nologies become operational.

6.4.3 Industry

The following reconmnmendations are offered for consideration by airplane
manufacturers and airlines :

1. The aircraft industry , in conjunction with the FAA , should establish
a program whereby any employee may, without fear of retribution ,
indicate to his employer and to the FAA , potential design , construc-
tion , and/or operation errors in aircraft or their conmponents. To
encourage participation in this safety program cash awards should be
offere d by industry in its own best interests.
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2. Two man fl ight c rews should be used in commercial aircraft in conjunc-
tion with redesigned cockpits utilizing advanced avionics . Advanced
avionics would actually reduce the number of tasks to be performmmed
by the crew, and the pilots would bette r be able to perform their
roles as mm-managers .

3. Potential convmercia l pilots should be selected and trained as
overall systems mi-managers as well as aircraft control lers , given the
introduction of advanced avionics.

4. As a safety and emergency feature, systems for total ground to air
control of commercial aircraft should be incorporated in future designs .

5. Pilot information progranms should be undertaken to convince pilots
of the advantages of new advanced avionics technolog ies such as fly -
by-wire.

6. Aircraft industry coordination of research and development should
continue and be encouraged on a national and international basis
as long as company sensitive information renmains secu re .

7. U.S. airlines should continue to expand their existing joint
arrangements with other domestic and foreign airlines for sharing
facilities , crews, and other types of services .

8. The aircraft industry should try to meet the needs of general aviation
by producing inexpensive advanced avionics compatible with those on
commercial aircraft .

6.4 .4 Public Policy Makers

The following recommendations are offered for consideration by local
and national U.S. public policy makers :

1. Total airpOrt system capacity, including ground access terminal
facilities, and airplanes , should be expanded to n-meet expected in-
creased traffic demands. Highly and moderately utilized airports
should either be expanded to full capacity or new airports should be
planned.

2. Increased use of satellite airports as feeders for major hubs should
be seriously considered , with the goal of relieving traffic congestion .

3. The Global Positioning System should be made available to civil
users or, alternatively, a satellite navigation and communication
system for the exclusive use of the civil sector should be developed.

4. In the immediate future the Microwave Landing System should be
installed at all major airports in Terminal Controlled Areas and at as
many moderately used facilities outside TCA ’s as is economically feasible.
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5. Congress should establish laws which , although strict , limit the
liability of the aircraft industry . Airlines and aircraft manufac-
turers and subcontractors are hesitant to take full advantage of
advanced avion i cs technolog ies in the current lega l cli m ate.

6. A global awareness program -mi for political l eaders and for the U.S.
public regarding the direct benefits of advanced avionics should be
initiated. Concerns about future automation of the air traff ic
systenm could thus be al leviated and potential negative public reaction
avoided.

7. A conimmittee consisting of representatives from -mi the public , the air-
craft industry , and government should be established and charged
with the responsibility of advising the U.S. political leadership on
the planning and coordination of the introduction of advanced
avionics.

8. The Environ -mi -mental Protection Agency standard s for mi -measuring air and
noise pollution caused by aircraft should be updated to include
total emissions from airports, so that potential health hazards may
be minimized.

9. The Departmnent of Transportation should continually update its
comprehensive plan to take account of technological advance., in the
field of aviation , as well as their political , social , and economic
inmpacts.

10. The classif icat ion of coi-m~mmercia l and general aviation aircraft —

should be standard ized. All revenue producing flight should be
classified as commi-miercial flights in order to aid in a proper assess-
ment of airport utilization .

11. The U.S. government should analyze the needs of developing nations
when advocating the introduction of advanced avionics. Much of this
technology will have to be used uniformly throughout the worl d and
potential problems could thus be avoided.

12. The U.S. governnment should consider a technical and financial
assistance program to the developing nations to enable theni to
acquire the avionics necessary to participate in the future air ‘-1

traffic systeni.

13. International consorti ummms for avionics production should be encouraged
by the U.S. government in order to promote international cooperation .
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APPENDIX A

SUMt’IARY OF ASSIGNMENTS

Initially, the desi gn team was organized into task groups so that each
team member contributed to each of the three dimensions crucial to production
of the final report. These dimensions were technology, impacts , and thematic
chapters. Later in the project two additional teams were formed ; a presentation
team which set forth a verbal synopsis , and a team which summarized and organized
the design team’s reconimmendations. The following is a surminary of assi gnments .
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~~ C Communication : Ai rcraft/Ground
Dozier C J N ~ 0 Integrated Control Capabilit y
Eastman 0 G 0 ‘

~~ E Aircraft Attitude & Thrust Contro l
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______

Hargrove A G N F Environmmmer m t
Keaton C H L ~, G Economics/Ener gy
Koay B F K ~ H Society
Krobock E J K P .~ I Users

Lueg C I N P 3 Personnel
Luegenbiehl A H L S 

______

Mohapatra 0 G 0 S K Goals
Pasternack 0 G N ~ L Scenario
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Penrod D 3 L -~~ N Technolog ies

Rakow E F L P ~ N Al ternatives
Rain A G L S 0 Impact and Evaluation of Al ternatives
Robertson E F 0 P
Sachs A I o Auxiliary

Sheskin B F 0 P Presenta t ion

Trehan B G M S Sumary and Conclusions
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2. A mi-major driving force behind avionics develop imments is the general
trend in elect ron ics to i - make use of digital technology .
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APPENDIX C
SPEAKERS

Date Speaker/Affiliation/Topic

June 4 Mr. Bill Mace
NASA /Langley Research Center
“ASEE Program Introduction ”

June 6 Dr. Thomas Walsh
NASA /Langley Research Center
“Overv iew of the TCV Program Term inal Area
Operation ”

June 7 Mr. Jack Hatfield
NASA /Langley Resea rch Center
“Cockpit Display/Crew Station/Human Factors ”

June 8 Mr. Wi l l iam E. Howel l
NASA/ Langley Resea rch Center
“Flight Management Technology ” 

- -

June 12 Mr. Amos Spady
NASA /Langley Research Center
“Oculometers ”

June 13 Mr. Jerry Elliott
NASA/ Langley Research Center
“Guidance & Control ”

June 14 Mr. Harry Verstynen 
- 

-

NASA/Langl ey Research Center - 
-~~

“1995 ATC Scenario ”

June 18 Dr. John Warfield
Univers i ty of Virginia, Charl ottesv i lle , Virginia
“Soc ietal Systems ”

June 22 Mr. Kohn Hitchcock
Aviation Consumer Action Program
“Aviation Safety, Public Policy & Other Considerations ”

June 26 Mr. Russ Lawton
A i rcraft Owner ’s and Pi lots Assoc iat ion
“Contem porary General Aviation : An Overview ”
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June 26 Mr. Dennis Wright
AOPA
“Contemimpora ry General Aviation : An Overview ”

Jun e 27 Mr. Earl Mi grmeault
NASA/Lang ley Resea rch Center
“Fl ight Tolerant Computers”

June 28 Mr. Bernard Hainline
Boeing Conimmercial Ai rplane Company
“Coniimercial Ai rplane Technology ”

June 29 Mr. Homer Morgan
Acoust ics & Noise Reduction
“Aircraft Noise ”

June 29 Dr. John P. Raney
ANRO-Noise Technological Branch
“Aircraft Noise ”

July 9 Mr. Robert Steinberg
NASA/Langley Research Center
“Meteorological Predictions ”

July 10 Mr. Roger Schaufele
McDonnell Doug las Cor p.
“Future Comnmercia l Aircraft Trends ” —

July 13 Mr. Rick Clinmi e
AR INC
“Role of ARINC in Civil Air Transportation System ”

Jul y 13 Mr. Bernard Sindermann
Lockhee d
“Future Aircraft Technology ”

July 19 Mr. J. Thoma s Ratchfor d
AAS
“Soc ial Control of Researc h”
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Hampton, VA

FDCD —Act ive Contro l Project Office Mr. R. V. Hood
NASA /Langley Research Center
Hampton , VA

Fli ght Mechanics Branch Dr. Charles Knox
NASA/Langley Researc h Center Mr. Sanmuel Mar iello
Hammmpton , VA

FED-A ircraft Electronics Systems Branch Mr. J. Larry Spencer
NASA/Lang ley Researc h Center
Hampton, VA

Office of Technology Assessment Mr. Lee Dickenson
NASA /Lang ley Rese arc h Center Mr . Jerry Wa rd
Hampton , VA

NASA , Experinmental Combustion Section Mr. Larry Di ehl
Lew i s Researc h Center Mr. Robert Jones
Clev eland , OH

NASA Ames Research Center and Mr. Roger Dea r
Cal ifornia State University
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Mr. Thomas E. Pinelli
Mr. Bill Sal yer
Mr. Wayne Wi l l ianms

Tra i ni ng and Educat ion Serv i ces Branch Ms . Paula Lan d
Ms . Sue Land
Mr. Jim -mm Ricks

Director of Public Relations , Alle gheny Ai rlines Mr. Dave Shipley

Peat, Marw i ck, Mitchell & Co, Dr. Stephen L .M. Hockaday
San Franc isco International Ai rport

Project Officer Mr. Howard Segal
Concorde Emissions Mon i toring
FAA

Program Manager Mr. Ray H. Fowler
Offi ce of Systems Engineering Management
FAA

Chief, Systemmis Concepts Mr. Lynn E. Jac kson —

FAA
Facility Chief Mr. Everett J. Sinon
FAA
JFK Internati onal Tower
Jama i ca , NY
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APPENDIX E

ACRONYMS AND ABBREVIATION S

The following are definitions and explanations of acronyms and abbrevi-
ations which appear in this document.

ACEE - Aircraft Energy Efficient Program
ACT - Active Controls Technology
ADC - Analog to Digital Computer
ADI - Attitude Di rectional Indicator
AGARO - Advisory Group for Aerospace Research and Developnment
AM - Amplitude Modulation
A/P - Auto Pilot
ARIN C - Aerona uti cal Radi o Incor porated
ARTS - Automatic Rada r Terminal System -mm

(Console consisting of conmputer cathode ray tube scope of radar system-mm
and other minor comimponents )

ARTS III - Autom imated Rada r Tra ffic System
(A system that displays alphanumeric as well as radar and beacon
video on a cathode ray tube in the Air Traffi c Contro l Center in
the ai rport . Info rimiation to ARTS III commmes fronm other Air Traffic
Contro l centers , Air Traffi c Control Beam Interrogator , Ai rport
Surve illance Radars subsystemns and from locally , electronically
stored flight pl ans)

AS - Augmented Stabil i ty
A/T  - Autothrottle
ATARS - Automatic Traffi c Advisory and Resolution Service

(A system that assists and reinforces voice communication between
pilot and ground control )

ATC - Air Traffi c Control
ATCAC - Air Traffic Control Advisory Commmmittee
ATCRBS - A i r Tra ff i c Control Radar Beacon System
ATIS - Automated Termi nal Information Serv ices
AVOIDS - Av ion i c Observa ti on of Intruder Danger System

(A collision avoidance systemmi developed by the Honeywell Co.)
AVP - Offi ce of Aviat ion Policy

(A subdivision of the Federal Aviation Ad -mm -ministration )
BCAS - Beacon Collision Avo i dance System
BEA - Brit ish European A i rways
Bit - Binary Digit

(A single occurrence of a character in a language that enmpl oys exactly
two distinct kinds of character - i.e. 1 or 0)

BOAC - British Overseas Ai rways Corporation
CAPS — Civ i l Aviat ion Purchas i ng Service
CAS - Collision Avoidance System-mm
CATS - C i vil Air Trans portat ion System
CLB - Climbout
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CMO BUG - Command Bug
(Desired speed reference point on display panel)

Codec - Coder-decoder
CONT - Conti nuous
CPU - Central Process i ng Uni t

( Computing portion of the digital computer)
CR1 - Cathode Ray Tube
CRZ - Cruise
CTOL - Conventional Take-off and Land
DABS - Discrete Address Beacon Systemmi
DAMA - Demand Assignmm ient Multiple Access

(Assignm nent of frequency channel on demand of user)
DAVSS - Doppler Acoustic Vortex Sensing Subsyste mm m
DELPHI - (A syste mmiatic n-methodology for obtaining and refining group opinion by

iteration and controlled feedback)
DLH - Deutsche Lufthansa

(A i rl i ne~DME — Distance Measuring Equipmmment
DOD - Department of Defense
DOT - Department of Transportation
DUM 69 - (A dummy variable that has va lue of zero after 1969)
EADI - Electronic Attitude Di rector Indicator
EARB - European Air Research Bureau
EHS I - Electronic Hori zontal Situation Indicator
EMD - Eng ine Management Display
EPA - Environmental Protection Agency
EPAP - Environmental Protection Agency Parameter

(Maxim -miuni level of engine em issions)
EPR - Eng ine Pressure Ratio
EROS - El imi nate Range Zero System
FAA - Federal Aviation Administra tion
FAD - Fuel A dv i sory Departure
FBW - Fly-By-Wire

(A system in which all connections between aircraft cockpit and aircra ft
control surfaces are ele ctrical )

F/ D - Fl ight Di rector
— FDN - Frequency Oivisi tn Multi plexing

(Div i s ion of radio frequency ranges i nto narrower bands)
FDMA - Frequency Di vis ion Mul tip le Access

(Alloca tion of frequency channels amm ong various broadcast users)
FIT - Faul t Isola ti on Tes t
FMC - Flutter Mode Control

(Fl utter speed enhancenment)
FR - Fatigue Reduction
4-0 - Four Dimens ional
GA - General Avia ti on
G/A - Gl i de/Approach
GCA - Ground Control Apptoach
GLA — Gust Loa d Allev iat i on
GNP - Gross National Product
GPS - Glo bal Pos iti oning System
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~~SS - Ground Wind Sensing Subsystem
HF - High Frequency

(Electromagnetic waves in the 3 to 30 mil l ion hertz range )
HUD - Head-up Display —

lAS/Mach - Indicated Air Speed in Mach Number
ICAO - International Civi l  Aviat ion Organization
IFR — Instrument Fl ight Rules
INS - Inertial Navi gation System-mi
!PC - Intermittent Positive Control

(A system on board aircraft that receives i nform-nation from-n ground
control and presents one of four warnings on a cockpi t displ ay )

KIM - Roya l Dutch Airlines
— 

LC  - Liquid Crystal
LDVSS - Laser Doppler Vortex Sensing Subsystem -mm
LED - Light Emitting Diode
LaRC - Langley Resea rch Center
LSI - Large Scale Integration

(A monolithic device with 100 to 1000 transistors )
LTO - Landing and Take-off
M/AS I - Mach / Air Speed Indicator

(Ai r speed indicated in Mach numbers )
MLA - Maneuver Load Alleviation
MLS - Mi c rowave Landi ng System
MNPS - Minimum Navig ati on Performance Standar d
MSAW - Minimunm Safe Altitude Warning
MTB F - Mean Time Between Failures
NADIN - National Air Data Interchange Network
NAS A - National Aeronautics and Space Administration
NAV - Navigation
NCDU - Navi gation Computer Display Unit
N 1 - Eng i ne Speed ( RPM)
N Mi - Nautical Miles
NRUT - Unemployment Rate in Present Terms
OBERS - Off ice of Bus iness , Economi c , and Agricul tural Research Service
OVERS - (Numh’-’r of Ai rcraft Handled Minus Twice the Number of IFR Ai rcraft

Departures
PAR - Pre ci s i on A pp roac h Radar
PATTERN - Planning Assistance Through Technical Evaluation of R~i evance Numbers

(A method of identifying and providing a quantitative comparison of
al ternatives)

PAYSS - Pulse d Acous ti c Vor tex Sens i ng Subsys tem
PCA - Positive Contro l Airspace
PCM - Pul se Code Modula ti on

(Radio pulse train is altered by spacing between pulse according to a
code)

PIREPS - Pi lot Reports
PP - Pr i ce Index of Private Trans portation

(1972 = 100)
PPM - Pulse Pos i t ion Modula tion

(Width/duration øf pulses in a train of pulses is varied.)
PRF - Pulse Repetition Frequency
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PROM - Programmabl e Read Onl y Memory
(A storage device in which data can be read in only, eithe r directl y or
by program)

PWI - Proxim imity Warning Indicator
RAM - Random Access Menmory

(Stored data that can be retrieved or replaced at w i l l )
RC - Ride Control

(A system that improves ride contro l and provides a smmmoother ride)
RCA - Radio Corporation of America

(An electronic device manufacturing company)
RCA SECANT - Separation and Control of Ai rcraft Using Nonsynchronous Techniques
RCVR - Radio Receiver
RF - Radio Frequency

(Broadcast waves in the .01 to 100,000 tm-megahertz range)
RNAV - Area Navigation System
ROM - Read Onl y Memory

(Stored data that is fi xed and cannot be changed)
SARPS - International Standards and Reco m mmmmmended Practices
SAS - Scandinavian Airways System -mi
sc~o~ - Suppressed Clock Pulse Duration Modulation

(Clock info rmation in pulse train is suppressed)
SECANT - Separation and Contro l of Aircra ft Using Non Synchronous Techni ques

(A special collision avoidance system-n developed by RCA - Radio
Corpora tion of Ame rica)

SMS A - Standa rd Metropolitan Statistical Area
SST - Supersonic Transport
STR - Dumrnmy Variable for Stri kes and Labor Management Disputes
STOL - Short Take-off and Landing
SYNCRO-DABS - Synchronized Discrete Address Beacon System -mm
TA - Technical Assistance
TAP - Trans port Aereos Portugueses
TCA - Term inal Contro l Area
TCV - Terminal Configured Vehicle
1DM - Time Division Multiplexing

(Time slots in broadcasting at regular intervals are allocated to
various separate channels)

TDMA - Time Division Multiplexing Access
(Time slo ts for a given broadcast channel are al located by a control
or reserva tion nmech anisn i)

TF - Trus t Fund
TLA - Thrust Level Adjustment
TMC - Thrust Management Computer

(A system that computes thrust limits and imonitors and stores faul t data)
TRACON - Terminal Rada r Control
TRSB - Time Referenced Scanning Beam
UDL - Uni versal Data L i nk
UHF - Ultra High Frequency
ULSI - Ul tra Large Scale Integration

(A monol i thic device with more than 10,000 transistors )
UNDP - Un i ted Nations Development Program
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VAS - Vortex Advisory System
VFR - Visual Flight Rules
VOR - Very-High-Frequency Omnidirectional Radio Range
V /STOL - Vertical or Short Take-off and Land
VLSI - Very Large Scale Integration

(A mnono lithic device with 1000 to 10,000 transistors or simular devices)
Vocoder - A speech synthesizer that does not preserve the ori gi nal vo i ce

wave form
V/P - Vertical Path
VIOL - Vertical Take-off and Land
WVAS - Wake Vortex Avoidance System
XMT R - Radio Transmitter
YPD - Disposable Personal Income in 1972 Dollars
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