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FAA’s Plan To Improve The Air Traffic Control 
System: A Step In The Right Direction But 
Improvements And Better Cootination Are Needed 

The Federal Aviation Administration (FAA) has developed a 
modernization plan that describes specific improvements 
in facilities and equipment needed in the air traffic controt 
system by the end of the century. Savings over the next 20 
years are estimated at $25 bitlion. Total system costs are 
still being developed but FAA estimates that for the first 10 
years the cost will run between $8.7 billion and $9 billion 

GAO recommends that FAA divelop an integrated iong- 
range plan addressing all aspects of the National Airspace 
System including use of the Nation’s airspace and airports. 
Preliminary findings from ongoing airport and airspace 
reviews should be coordinated with equipment and facility 
decisions in the modernization plan. The modernization 
plan should be updated to identify priorities, subsystem 
costs, and interdependency of projects. 

Other GAO recommendations are aimed at reducing 
acquisition costs of the en route replacement computers 
and strengthening the management and development of 
automation and communications systems to alleviate 
problems identified and satisfy the increased management 
demands of the new system. 
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February l-6, 1983 

The Honorable Jack Brooks 
Chairman, Committee on Government 

Operations 
House of Representatives 

Dear Mr. Chairman: 

In accordance with your Committee's June 11, 1981, request 
(HI Rept, 97-137) and subsequent discussions with your office, we 

have completed a comprehensive review of the Federal Aviation Ad- 
ministration's (FAA's) planning, management, and acquisition of 
existing and future automated systems for air traffic control and 
management. 

We have already issued four reports on this subject: one to 
the Secretary of Transportation and three to your office. In our 
report to the Secretary of Transportation (AFMD-82-47, Feb. 18, 
1982) we advised that FAA should obtain a delegation of procure- 
ment authority for its planned acquisition of computers for air 
traffic control. At your request we provided you with our interim 
assessment of FAA's National Airspace System (NAS) plan (AFMD-82- 
66, Apr. 20, 1982). We then responded to the FAA Administrator's 
concerns about that report (GAO/AFMD-82-91, June 4, 1982). Fin- 
ally, we assessed FAA's planning, management, and acquisition for 
administrative computer systems (GAO/RCED-83-60, Nov. 24, 1982). 

In January 1982, FAA publicly announced its National Airspace 
System plan, with goals directly related to the concerns stated 
in your original request. That document identifies facility and 
equipment improvements that FAA believes must be made in the next 
20 years. According to FAA, implementation of the entire plan 
will result in savings of $25 billion over this 20-year period. 
Costs for the first 10 years are estimated by FAA to run between 
$8.7 billion and $9 billion. Total system costs are being devel- 
oped. In view of this significant investment and its stated ob- 
jectives, we made the NAS plan a major .gart of our review. 

This final composite report responds to your concerns about 
FAA's planning and management of exist.ing and future automated 
systems for air traffic control. The ncguisition of equipment is 
discussed where appropriate under each section. The objectives of 
our review were to 

--identify current and future automation issues concerning 
the planning and management of existing en route and ter- 
minal area air traffic control, 
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--determine whether FAA's l?AS modernization plan is well 
founded and will resolve issues and problens identified 
during our review, and 

--?eternine whether selected major near-tern communications 
projects have been properly planned, managed, and coordi- 
nated with future users. 

To gain insight into FAA's planning, management, and acquisi- 
tion of existing and future systems for air traffic control, we 
selected 7 of 20 en route centers and 10 of 186 terminal facili- 

1 

ties for review. We also reviewed the NAS plan, discussed it with 
FAA officials, and analyzed its supporting documentation. A dis- t 
cussion of the scope and methodology used as well as a more dc- 
tailed discussion of the technical issues is provided in appendixe: i 
II through VI. This letter summarizes our findings and conclusions. 

CONCERNS ABOUT PLANNING AND ACQUISITI01J 
EFFORTS FOR FUTURE SYSTEMS 1 

FAA's NAS plan is a step in the right direction toward mod- 
ernizing facilities and equipment as well as toward supporting 
needed engineering and research. However, FAA has nut yet develope 
a comprehensive overall agency long range plan. Also, we believe 
the 1JAS plan itself is incomplete because it does not address in 
an integrated manner the long range requirements of the National 
Airspace System. The System is made up of three major areas--air- 
space, airports, and the air traffic control system. The NAS plan 
considers only one of these --the air traffic control system facil- 
ities and equipment. FAA has begun studying the other two areas, 
and results will be known about 1985. 

Implementation actions should be coordinated 
with ongoing studies 

FAA recognizes that an integrated plan is desirable and 
believes that the results of the National Airspace Review, com- 

[ 

bined with the PJAS plan, will evolve into such a plan. we would 
agree with this view if both efforts were being developed simul- 
taneously or if implementation of the NAS plan were being timed to ' 
correspond with improvements developed through the National Air- d 
space Review. Xowever, this is not the case. The NAS plan is t 
being implemented today and the Jlational Airspace Review will not 
be completed until late 1385. Furthermore, we believe the airport 
plan should be considered in the development of an integrated plan. 

FAA is in the process of procuring much of the computer and 
communications equipment it believes will be needed to operate the 
air traffic control system into the mid-1990s. This is risky be- ' 
cause decisions about the amount of equipment needed, where to lo- 
cate it, and the capabilities it must provide should be based on 
the outcome of ongoing efforts for managing the Nation's airspace 2 
and airports. 

-2- 
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Conversely, these same equipment decisions nay c!onstrain the 
breadth and depth of the ongoing planning efforts. The invest,gcn? 
in new computer and communications equipment is apt to constrairl 
improvements in the use of airspace and airports. Under this con- 
straint, it is unlikely that relocation or reconfiguration of cen- 
ters and terminals would be recommended even if the ongoing review~i 
showed that to be the best use of the Uation's airspace and air- 
ports. 

We are not suggesting that FAA delay implementing the NAS 
plan until the other ongoing studies are completed. Our purpose 
is to point out that there is risk associated with FAA's approach 
and that it would be prudent for FAA to consider how the possible 
outcome of ongoing studies may affect projects in the PIAS plan, 
and vice versa. For example, at certain milestones FAA could dis- 
cuss and evaluate preliminary findings of the ongoing reviews and 
assess their impact on implementation of projects in the IJAS plan. 
By coordinating these two efforts, FAA soul.d better I?nsure that 
the right equipment is procured and installed at the right loca- 
tion, avoid incurring additional expenses, and achieve integrated 
development of the National Airspace System. (See p. 13.1 

NAS plan should be updated -- 

The plan also should assign priorities to projects and clarify 
their predicted impact on the system as a whole. This would in- 
crease the likelihood that the plan's major goals will be met. we 
are concerned that because of possible budgetary constraints or 
engineering problems, some projects may be eliminated or some 
schedules altered. For example, the Mode S Data Link System, de- 
signed to improve aircraft surveillance performance and provide a 
computer-to-cockpit message capability, was unable to meet the 
basic capacity performance requirement. Also, the Traffic Alert 
and Collision Avoidance System, designed to warn pilots of impend- 
ing collision, has not been proven effective in averting collisions 
and may need to be replaced by a system with significantly higher 
costs. 

Y'he HAS planners should assess alternatives and provide for 
contingencies in the event of project ,delays or cancellations. For 
example, FAA should plan to extend t5c existing computer system 
life if developnental delays or other problems are encountered with 
the computer replacement program. Also, officials of the Advanced 
Automation Office said they do not have plans for handling events 
that may occur during the demonstration phase such as late contrac- 
tor development, or overcost but unfinished development for the 
computer demonstration phase. While +he plan states grcss esti- 
mated savings of S25 billion over the next 20 years, costs beyond 
the first 10 years have not been developed. Further, the plan 
does not identify total subsystem costs. FAA needs to calculate 
and provide the detailed costs of these projects for future year 
budgeting purposes. 

-3- 
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Projects that are interdependent should be identified as such i 
in the plan so that development efforts can be coordinated and goal 
and objectives met. For example, the consolidation of en route ten 
ters and terminals is dependent on adequate communications (radar 
and telecommunications) t but this is not clearly shown in the plan. 
Changing from more than 200 en route centers and terminals to about 1 
40 consolidated facilities requires establishing and relocating 
equipment, buildings, and personnel. Day-to-day air traffic con- 1 
trol operations will need to be maintained during the changeover. 

' Consolidation could be delayed or benefits reduced because FAA has 
separated these interdependent efforts. A similar situation may 1 
occur between the Mode S Data Link and the terminal computers. 

Since major capital expenditures will start in 1984, we be- 
lieve it is essential that the NAS plan be updated to incorporate 
priorities, contingencies, subsys tern costs, and identification of 
interdependent projects. Periodic updating of the plan will in- 
crease FAA's flexibility and capability to meet future growth. 
(See pp+ 10 - 15.) 

Rejection of alternative was correct 

Prior to the issuance of the NAS plan, FAA was planning to 
replace its existing en route computers with a conceptually dif- 
ferent and fully automated air traffic control system. The com- 
puters were to be acquired by soliciting alternative concepts from 
industry. Development and demonstration of prototypes of the more 

1 

promising alternatives would precede the decision to build produc- 
tion systems. This strategy was criticized by several congress- 
ional committees. The criticism was based on FAA's (1) inability 
to show that existing en route computers had the necessary capa- 
city and reliability to last until this future system was installed, ' 
and (2) inadequate identification of its mission needs and system 
requirements. As a result, FAA was directed to develop alterna- ) 
tive strategies. 

One of the alternatives evaluated but rejected by FAA--upgrade 
of centers with the 9020A computers to 9020D computers--has been 
the subject of subsequent debate by several congressional commit- 
tees because it appears to be the lowest cost alternative, of low 
technical risk, and capable of providing the needed computer ca- 
pacity. F?e found that FAA's rejection was correct and that there 
were even more compelling reasons for not choosing this alterna- 
tive than those identified by FAA: (1) FAA used 1977 equipment 
prices to cost the alternative. Prices of 5 years ago do not re- 
liably indicate today's costs. (2) The original manufacturer of 
the computers does not consider restarting facilities to produce x 
such equipment as practical and cost-effective and would do so only 
in response to a national emergency. In congressional hearings, 
FAA proposed using this as a fallback position if the computer re- 
placement is delayed or if existing computer capacity is reached 



before expected. We believe FAA would do well to reconsider whether 
this is still a valid fallhack option and try to develop other 
contingency options. (See pp. 15 - 16.) 

Contract type for computer demonstration -_ 
should be reconsidered 

FAA's chosen computer modernization strategy calls for replace- 
ment of its en route center and terminal area equipment. Initially, 
by about 1388, the en route computers will be replaced. About 
1930, as other projects are completed, the terminal equipment will 
be replaced or its functions consolidated into the centers. FAA 
has determined that the new computers must be capable of process- 
ing the existing en route software. Before deciding on the en 
route computer replacement, FAA will conduct a demonstration "com- 
pute-off." On a cost-plus-a-fixed-fee !>asis, it will fund two 
competing contractors to modify the existing software and demon- 
strate that this software can be processed on off-the-shelf equip- 
ment proposed by each contractor. Each contractor could get about 
$34 million to do this. 

The guideline FAA is following for the computer demonstration 
presumes that newly developed and untried alternative concepts and 
solutions to agency mission needs must first be demonstrated. wow- 
ever, in its Request for Proposals, FAA is not soliciting alterna- 
tive concepts and solutions, but has restricted the architecture 
and size of the off-the-shelf replacement computers. This con- 
strains the purpose of the demonstration philosophy FAA is follow- 
ing. FAAshas justified its need to have competing demonstrations 
because of the risk involved in using the existing software. HOW - 
ever, FAA has also stated that there is a high probability that 
development-- using the existing software-- is feasible and has de- 
termined performance objectives and a schedule of completion. 

We understand FAA's desire to modernize its existing en route 
centers with more capable and reliable computers. However, we be- 
lieve the end result desired-- proving that the replacement compu- 
ters will process the existing modified software--can be achieved 
by less costly contractual methods. For example, a 1981 FAA con- 
tractor study estimated that all the software used on the center's 
computers could be modified to run on newer instruction-conpatible 
computers for about $5.2 miilion (FAA is excluding the software 
modification for the display computers since they will not be re- 
placed at this time). This cost represents a major component in 
the work to be completed by each contractor. 

Principally, the Government enplnvc; two types of contracts, 
fixed-price and cost-reimbursement. In advertised procurements, 
some form of a firm fixed-price contract is used since the speci- 
fications are definite and competition is present. Firm fixed- 
price contracts place the greatest risk of performance on the con- 
tractor. FAA plans to use a firm fixed-price contract for acquir- 
ing the production replacement computers. At the other extreme, 
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negotiated cost-reimbursement contracts such as cost-plus-a-fixed- 
fee place the cost or maximum performance risk on the Government, 
with the contractor receiving a guaranteed fee plus reimbursement 
for all costs. Cost-plus-a-fixed-fee contracts provide the con- 
tractor with only a minimum incentive for effective management 
control of costs. FAA plans to use a cost-plus-a-fixed-fee con- 
tract for the computer demonstration. 

FAA has considered other procurement strategies but found 
them to be incompatible with its needs. We believe the infor- 
mation relative to defined specifications, commercial applica- 
bility, and FAA's own perception that the demonstration will be 
successful warrants reconsideration of the decision to use a cost- 
plus-a-fixed-fee contract. 

According to FAA contract officials, a firm fixed-price con- 
tract was rejected because the system's specifications could not 
be sufficiently defined. We have surveyed the Request for Propo- 
sals and believe it amply defines the system's specifications. 
These officials also stated that a cost sharing contract was 
considered but not fully analyzed. It was deemed inappropriate 
because of the lack of commercial application (commercial appli- 
cation was interpreted as only the U. S. market). We believe use 
of a cost sharing contract may be appropriate because research 
and development funds are being used for the computer development 
and demonstration and the final product may have commercial value 
(other than in the United States). Additionally, officials of the 
Advanced Automation Office have pointed out that the replacement 
computers would be off-the-shelf (commercially available) compu- 
ters and would not be modified. While they consider this ap- 
proach risky, they believe the probability that one of the con- 
tractors will fail during the demonstration phase is very low. 
Therefore, the decision to proceed with a cost-plus-a-fixed-fee 
contract was made without fully assessing the advantages and 
costs of the other alternatives. 

Before awarding the multimillion dollar demonstration con- 
tract, we believe FAA should fully analyze the appropriateness and 
cost/benefits of a firm fixed-price and cost-sharing contract. 
Since this could be done while contractors are preparing propo- 
sals, we believe it would cause little delay. The results of this 
analysis should be reported to the Department of Transportation 
Acquisition Executive for determination of most appropriate con- 
tract method before awarding the demonstration contract. We be- 
lieve this determination could result in lower total acquisition 
costs. (See pp* 16 - 20.) 

CONCERNS ABOUT MANAGEMENT 
OF AIR TRAFFIC CONTROL 
AUTOMATION AND COMMUNICATIONS 

During our review of current and proposed systems, we found 
that the management, planning, and acquisition of en route and 
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terminal air traffic control automation projects has not been ade- 
quate. In addition, our review of communications and navigation 
projects disclosed technical problems, uncoordinated implementa- 
tion schedules, and questionable user acceptance of these projects. 

Centralized guidance needed 
for automation projects 

FAA has about 200 computer systems which are located at the 
various centers, terminals, and support facilities. Vithout them, 
control of the Nation's air traffic would be severely affected. 
We found that the authority, accountability, and responsibility 
for these automation resources are unclear. FAA's organizational 
structure and management approach do not provide the needed inte- 
grated planning, control, and direction WC believe is necessary to 
ensure efficient use of air traffic control automation resources. 
For example, officials at the Seattle er, route center said that 
they and 75 percent of the other centers use a local software modi- 
fication that automatically produces hourly weather information. 
Each time FAA implements a new national software version for the 
centers (about every 6 months), each center using this local nodi- 
fication must insert and test it independently. These efforts use 
personnel and computer resources and could be minimized if the 
modification were incorporated into the national system. 

We found that offices responsible for managing individual 
programs are not able to ensure that agencywide needs are ade- 
quately coordinated because no central management function is 
accountable and responsible for overall integration and direction 
of project management activities. We believe recent FAA efforts 
to realign automation engineering functions and establish a cen- 
tral program office for the computer replacement project will help 
to improve management control. EIowever, some automation functions 
still need to be integrated. A fully integrated central management 
function would increase agencywide visibility of both current and 
new projects such as those in the :JAS plan. 

We found that FAA is experiencing delays and cost overruns 
in many systems and software development projects designed to in- 
plement safety and fuel efficiency improvements. For example, the 
feature that warns the controller when an aircraft is approaching 
a known obstruction, such as a mountain, is not operational at six 
centers that control airspace over mountainous terrain because this 
feature was not properly designed to neet the requirements of all 
centers. 

In addition, as recomnended by the Congressl, FAA should estab- 
lish a computer perfornance nanagement function. Such central man- 
agement would provide greater certitude in predicting when centers 
and terminal facilities will no longer be able to provide adequate 
and timely computer support to air traffic controllers. (See 
pp. 22 - 41.) 

-7 - 
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We found that the New York Terminal Radar Approach Control 
(TRACON) facility has computer problems that have delayed integra- 
tion of air traffic control in the Mew York metropolitan airspace. 
The TRACOfI may not have sufficient computer capacity to fully 
support the five airports FAA originally planned for it to handle 
and lacks sufficient computer capacity to meet the increased traf- 
fic volume expected in future years. Also, the TRACE39 does not 
have an operational conflict-alert feature, which automatically 
alerts controllers when two or more aircraft are on a collision 
course. (See pp. 42 - 47.) 

p7hen viewed in the aggregate we believe these problems demon- 
strate the need for overall integration and direction of agencywide 
resources. While not a cure-all for the delays and cost overruns 
experienced, a central management function could heighten project 
visibility and accountability and provide guidance for considering 
agencywide requirements. 

DEVELOPMEMT PROBLEMS ASSOCIATED 
WITH COMMUNICATIONS PROJECTS 

The projects we reviewed were the Mode S Data Link System, 
the Traffic Alert and Collision Avoidance and Microwave Landing 
Systems, and the Flight Service Station Automation Project. tile 
found that technical problems associated with the first three in- 
dicate a need for further testing to make sure performance require- 1 
nents are satisfied. In recalculating the cost/benefits of the 
Flight Service Station Automation Project, we found it offers no 
cost advantage to the Government in comparison to existing systems 
and that additional benefits have not been quantified. 

Mode S 

FAA needs to resolve a number of Mode S problems to ensure 
effective and efficient implementation of air-ground digital com- 
munications. Prototype testing disclosed problems with supporting 
equipment that prevent achievement of capacity performance require- 
ments. Mode S acceptance by users and by the international stand- 
ards organization is questionable, but is needed to maximize the 
benefits from FAA expenditures. Another problem is that implemen- 
tation of Mode S is not timed to coincide with the installation 
of new air traffic control projects; this could limit planned im- 
provements. (See pp. 48 - 51.) 

Traffic Alert and Collision Avoidance System 

FAA is developing the Traffic Alert and Collision Avoidance 
System, which is intended to serve as a backup to air traffic con- 
trol. This system is aircraft-based and warns pilots of impending ' 
collision. Its effectiveness may be severely reduced by three fat- 
tors: (1) unwanted or unnecessary advisories given to pilots could 

f 

be disruptive, (2) pilot response to advisories may take too long, 3 
and (3) aircraft without transponders cannot be detected by the ) I 
system, 

- 8 - 
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FAA should demonstrate that the Traffic Alert and Collision Avoid- 
ance System can function effectively and should assess the degree 
of acceptance 0, F the system by users. It should also determine 
with better accuracy the possible benefits and expected user costs 
of the system. (See pp. 51 - 55.) 

Niccowave Landing System 

The Microwave Landing System is scheduled to replace both (1) 
the instrument landing system now used by civil and military air- 
craft, and (2) the ground controlled approach system used primarily 
by military aircraft. FAA needs to resolve outstanding technical 
problems associated with the reliability of Microwave Landing Sys- 
tem equipment, including its Precision Distance ??easuring Equipment. 
FAA has tested several prototypes of this equipment from two con- 
tractors. Although the test report recommended further testing to 
isolate the cause of a significant bias, FAA has not conducted such 
testing. In addition, to meet its primary objective of providing 
a standard civil and military method for precision approaches and 
landinqs, FAA needs to reach agreement with Defense. (See pp. 
55 - 57.) 

Flight Service Station Automation Project 

The Flight Service Station Automation Project is intended to 
provide automated weather pilot briefings and graphic weather dis- 
plays to flight service specialists via cathode ray tube terminals. 
Starting in 1384, FAA plans to introduce this automated assistance 
at a few locations. It plans to expand the service to more loca- 
tions in the future and eventually upgrade it to allow pilots to 
receive weather briefings and file fliqht plans without a flight 
service specialist. 

FAA needs to reevaluate the flight service station project to 
determine whether the aviation community will be willing and able 
to utilize automated services once they become available. FAA may 
need to retain flight specialists to directly interact with pilots 
who cannot use, or choose not to use, automated methods. Also, 
there are substantial uncertainties about the future demand for 
flight services. The fliqht service station project may not meet 
FAA's prime program objective, which is to reduce costs. It may, 
instead, actually increase costs. 

We believe previous cost/benefit analyses were deficient, in 
part because they did not use sensitivity analysis; that is, they 
did not consider a range of factors. In addition, our detailed 
analysis and subsequent recalculation of costs and benefits dis- 
closed some highly questionable adjust!nents without which the 
project would not have been justificc? by FAA's analysis. FAA 
needs to recompute its cost/benefit analysis to determine whether 
this program should be continued, delayed, or terminated. (See 
pp. 57 - 61.1 
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RECOMMENDATIONS 

We recommend that the Secretary of Transportation direct the 
FAA Administrator to: 

--Implement a comprehensive planning process for the National 
Airspace System (use of the Nation's airspace, airports, 
and the air traffic contra L system) that will result in a 
long range plan. This process should provide a mechanism 
to (1) define system requirements agencywide, (2) estab- 
lish objectives, strategies, and priorities for these re- 
quirements, (3) coordinate preliminary or final results of 
ongoing reviews with implementation of the NAS plan, and 
(4) update the NAS plan and identify project priorities, 
contingencies, total and subsystem costs, and interdepen- 
dencies. 

--Fully analyze and evaluate the appropriateness and cost/ 
benefits of a firm fixed-price, cost-sharing, and cost- 
plus-a-fixed-fee contract for the computer demonstration, 
and report the results of this analysis to the Department 
of Transportation Acquisition Executive, for determination 
of most appropriate contract method before awarding the 
demonstration contract. 

--Strengthen the management of automation resources by estab- 
lishing a central management function which would have the 
authority, responsibility, and accountability required to 
alleviate problems identified, and would satisfy the in- 
creased management demands of the major upgrade. 

--Assess and resolve promptly the identified critical com- 
munication issues. This should include: 

l 

l 

a 

l 

Enforcement of further testing to ensure that performance 
requirements are satisfied for Microwave Landing System, 
Mode S, and Traffic Alert and Collision Avoidance System 
before implementation proceeds. 

Assurance of user acceptance of Mode S, Traffic Alert and 
Collision Avoidance System, and Flight Service Station 
Automation Project before proceeding with full implemen- 
tation. 

Reevaluation of total costs and benefits of Traffic Alert 
and Collision Avoidance System before implementation. 

Reassessment of costs and benefits to Flight Service 
Station Automation Project users so that a decision can 
be made about implementing the program. 

We did not obtain agency comments on this report. Unless 
you release its contents earlier, we plan no further distribution 
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of the report until 30 days from its date. At that tine ve wili 

send copies to the Secretary of Transportation and the Administra- 
tor of the Federal Aviation Administration, and will make copies 
available to other interested parties. 

Sincerely yours, A 

Comptroller General 
of the United States 

- 11 - 
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NINETY- SEVENTH CONGRESS 

4Pk’ENl.J.L X 1 

#otW of Seprtimtatibbml 
GOVERNMENT ACTIVITIES AND TRANSPORTATION 

SUBCOMMITTEE 
OFTHE 

COMhlllTEE ON GOVERNMENT OPERATIONS 
RAYmURN HOkIWi CFFICE WJILOINQ. RmM csII0-LI 

WARHI?4eTow. D.C. 9-m 

September 29, 1981 

Mr. Milton J. Socolar 
Acting Comptroller General 
1). S. General Accounting Office 
441 G Street N.W. 
Washington, D.C. 20548 

Dear Mr. Socolar: 

The Government Operations Comnittee's Report on Air Traffic Control 
Computer Failures, House Report No. 97-137, June 11, 1981, directs that 
GAO review FAA's planning, management, and acquisition of automated infor- 
mation systems for air traffic control and FAA management purposes. The 
report, which is based on a study by this subcomnittee, also directed GAO 
to report its findings, conclusions, and reconnnendations no later than 
October 1982. 

Since the review will encompass areas of concern to both the full 
committee and this subcommittee, it has been agreed that issues concerning 
the National Air Space Control System will be reported separately to this 
subcommittee, and that those concerning automated information systems, infor- 
mation resource management and management information systems, will be reported 
to the full committee. 

Some of the proposed FAA systems of particular concern to the subcokttee 
are: 

Beacon Collision Avoidance System (BCAS), Flight Service Station '(FSS) 
Program, Discrete Address Beacon System (DABS); Microwave Landing System (MLS), 
Very High Frequency Omni-Range/Tactical Air Navigation System, Airport Sur- 
veillance Radar, Approach Landing System Improvements, Air Route Surveillance 
Radar, Low-Level Wind Shear Alerting System, Voice Switching and Control 
System, Electronic Tabular Display Sub-system (ETABS), the Air Traffic Control 
Computer Replacement Program, Air Traffic and Advisory Resolution Service 
(ATARS), En Route Minimum Safe Altitude Warning (EMSAW), En Route Metering 
(EMS), Conflict Free Clearances (CRC), Automated Flight Plann%ng (AFP), 
Integrated Flow Management System (IFMS), and Threat Alert and Collision 
Avoidance System (TCAS). 
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Because of the need to ensure the air safety of the traveling public 
and FAA's demonstrated inability to plan and manage even the simplest of 
projects, I request that this subcomnittee be briefed regularly so that 
problems needing immediate action can be called to FAA's attention and 
resolved or, if necessary, hearings held. 

The Administrator of FAA has said that his decisions and planning will 
be made on a national airspace system perspective rather than on a system-by- 

. system basis. I have heard these promises before from other administrators 
and FM civil servants. Consequently, I request that your work in the areas 
of planning, management and acquisition be a broad system type review, I also 
see that a high level composite report sunmarizing and including information 
from all the other reports will be needed by tnis subcommittee. 

We look forward to working with you and your staff on this critical review. 
With best wishes, 1 am, 

Sincerely, 

/ 
JOHN L. BURTON 
Chairman 

JLB:WOG;cm 
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BACKGROUND, OBJECTIVES, SCOPE, AND METHODOLOGY -- - .I- 

Federal Aviation Administration is responsible for en- 
suring the safe and efficient use of the Natian's airspace. It 
does this by 

--controlling the use of the navigable airspace of the 
United States and regulating both civil and military 
operations in such airspace in the interest of safety and 
efficiency, and 

--developing and operating a common system of air traffic 
control and navigation for both civil and military air- 
craft, 

This responsibility is the basis for developing the overall 
National Airspace System. The NAS is a complex network of air- 
ports, airways, terminal control areas, and en route air traffic 
control systems. The network includes surveillance systems, com- 
munications, avionics, weather information services, navigation 
aids, and computer systems, all of which help the FAA controllers 
coordinate air traffic. 

HOW THE NATIONAL AIRSPACE SYSTEM OPERATES 

Minute-by-minute control of aircraft in the NAS is the re- 
sponsibility of FAA's air traffic controllers. At the terminal 
facilities, controllers handle aircraft departing from and arriv- 
ing at airports. Once outside the area of the terminal, aircraft 
flying under instrument flight rules are the responsibility of 
controllers at en route centers. 

Aircraft flying under instrument flight rules include com- 
mercial, general aviation, and military aircraft. Upon request, 
FAA will also provide services to aircraft flying under visual 
flight rules. 

Radar is used to pinpoint the location, altitude, and direc- 
tion of aircraft. This radar data, along with flight plan infor- 
mation filed by pilots, is displayed on the controller's work 
station. 

Shortly after takeoff, control of an aircraft is "handed off" 
by the terminal controller to the en route center controller for 
tracking. As an aircraft moves across the country, the center 
computer updates the flight plan and transmits it directly to com- 
puters at other appropriate centers so that the aircraft can be 
tracked continuously. 

For aircraft moving from one controller's airspace to another 
within a center, or from center to center, the computer automati- 
cally generates flight data strips at the receivinq center con- 
troller's work station in preparation for handoff. The data block 
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will blink on the screen of the controller working the aircraft 
and also on the screen of the receiving controller. When the 
receiving controller accepts the handoff, the aircraft pilot is 
told to contact the next controller on an assigned radio frequency. 
As the aircraft enters the destination terminal control area, a 
handoff is made to the terminal controller for clearance and 
landing at the airport. 

Level of automation in terminal areas 

The four major types of systems currently installed in ter- 
minal areas are the TPX-42, the ARTS II, the ARTS III, and the 
ARTS IIIA. 

The TPX-42 is a semiautomatic, nonprogrammable system that 
displays radar data. If an aircraft is equipped with an altitude 
encoding transponder, the altitude is also displayed. Thirty- 
five TPX-42 systems are in use at low activity facilities and two 
at support activities. The TPX-42 does not interface with other 
terminal or center computers. 

The ARTS (Automated Radar Terminal System) II computer is 
programmable and performs limited automated tasks. Unlike the 
TPX-42, the ARTS II is capable of converting radar information 
into flight identification for display on the controller's work 
station. ARTS II computers are used at 89 facilities of low to 
medium activity. At some terminals, ARTS II computers can be in- 
terfaced with en route center computers for automatic exchange of 
information. 

The highest level of automation is used at the 62 operational 
facilities equipped with the ARTS IEI/IIIA computers. FAA desig- 
nates these facilities as Terminal Radar Approach Controls. In 
addition to performing the functions of an ARTS II, these computers 
predict the position of an aircraft and display the data on the 
controiler's work station. 

FAA has upgraded, or is now upgrading, the hardware and soft- 
ware capabilities of all ARTS III systems. The upgrade, including 
partial automation for the New York TRACON, will cost about $89 mil- 
lion. Over the next 5 years, the TPX-42 will be replaced by 37 
new systems and the ARTS II will be upgraded to IIA at 89 sites. 
The estimated cost of this replacement and upgrade is $50 million. 
(See p. 29.) 

Safety features and controller aids vary with equipment 
capabilities. The ARTS III and IIIA have a "minimum safe altitude 
warning" feature which automatically alerts controllers when air- 
craft altitude becomes low relative to the ground or to tall 
buildings or mountains. These computers also have a "conflict 
alert" feature which warns controllers when two aircraft are fly- 
ing on a collision course. However, this feature is not opera- 
tional at the New York TRACON or Tampa/Sarasota facility. The 
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T'PX-42 and ARTS II currently have none of these features. FAA 
intends to develop and implement these feiitures for the ARTS II 
and TPX-42 by 1985 and 1987, respectively. 

With the exception of the TPX-4 2 (which is nonprogrammable), 
each of the terminal systems uses basic software that has been 
adapted to fit the individual needs of the terminals. The soft- 
ware programs for these terminal facilities are developed at the 
Atlantic City, New Jersey, Technical Center. 

Level of automation in the en route centers -- 

Four different computers forming three different hardware 
configurations are used in the en route centers for processing 
data. The IBM (International Rusiness Machines Corporation) 9020A 
and 902OD computers are used for processing flight plan and radar 
data" while the Model 9020E and the Raytheon 730 computers are 
used for processing display information. 

The 9020A computer has less computer processing capacity than 
the 9020D. During the building of the NAS, FAA replaced many of 
the 902OAs with the larger 9020Ds because the 9020As could not 
handle the workload. 

Some of the components in the 9020A and D can be switched in 
and out to provide backup in the event of a partial failure or to 
increase processing capacity during busy periods. Also, there is 
an independent backup system called direct access radar channel 
(DARC) which is used in the event of a total failure of the 9020s. 
This backup system does not duplicate all 9020 capabilities nor 
was it planned to. DARC is being upgraded with additional features 
at a cost of over $34 million. 

Having three different hardware configurations necessitates 
using three variants of the basic NAS software. These variants 
are further expanded at each en route center because of local air- 
space characteristics and unique, locally developed software. The 
basic software programs for these en route computers and the DARC 
system are developed at the Atlantic City Technical Center. 

Safety features and controller aids vary with equipment ca- 
pabilities and center needs. All centers have common safety fea- 
tures built into the software such as the conflict alert. !Jot 
all centers activate the safety features for a number of reasons, 
for example: the centers decide they don't need the features, 
computer capacity is inadequate, and/or staff needed to adapt the 
features is not available. The en route minimum safe altitude 
system is not used at six centers because the program would have 
to be modified at these centers. An improved version of the en 
route metering (EPA II), developed to promote fuel efficiency, will 
not be used at any center because the program is too large to fit 
onto the computer. (See pp. 31 - 32.1 
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The en route computers are also used to train air traffic 
controllers; to test and debug new versions of the software pro- 
grams and develop locally unique software; to develop, test, and 
implement new major programs for use at the various centers; to 
automatically record system events and controller actions; to 
process maintenance reporting data; and for miscellaneous adnin- 
istrative data processing support required by local officials. 

By 1988, at an estimated cost of about $300 million, FAA 
plans to replace all the 9020A and 9020D computers. The 902OE and 
Ratheon 730 will continue to be operational until about 1930, at 
which time they will be replaced or eliminated. 

OBJECTIVES. SCOPE, AND METHODOLOGY 

House Government Operations Committee Report No. 97-137, 
June 11, 1981, requested that we review FAA's planning, manage- 
ment, and acquisition of automated systems for air traffic control 
and management purposes (administrative systems). In response to 
this request, we initiated comprehensive evaluations of FAA's 
automated information systems that are used to meet mission and 
administrative needs. In a separate report we evaluated FAA's 
automated systems for administrative purposes. This report deals 
with automated systems and communications used for air traffic 
control. 

Our objectives were to 

--identify current and future automation issues concerning 
the planning and management of en route and terminal area 
air traffic control, 

--determine whether FAA's NAS modernization plan is well 
founded and will resolve issues and problems identified 
during our review, and 

--determine whether selected major near-term communications 
projects have been properly planned, managed, and coordi- 
nated with future users. 

To look at current air traffic control automation, we reviewed 
en route center and terminal area software and hardware develop- 2 
ment projects, and current practices and operations. PJe examined 
these projects and practices to identify any systemwide (not iso- 
lated) weaknesses that might exist. 

For our analysis of en route computer reliability, we obtained 
computer tapes of FAA's Maintenance Automated Reporting System 
(MARS) data base, calendar years 1979, 1980, and 1381, for the se- 
lected en route centers. The MARS is a data collection, accunula- 
tion, and retrieval system designed to process facility system, 
subsystem, and equipment maintenance information for local, re- 
gional, and national use. MARS contains three major data bases 
that identify facilities, equipment, and periodic maintenance tasks. 
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The records in the MARS data base may consist of multiple 
records (primary and secondary) which pertain to the same action/ 
incident. To create our data base we included only the primary 
records for the central computer and the display computer systems 
and selected only specific components of those two systems. Selec- 
ted were: 

--computer elements 

--storage element 

--input/output control element 

--disk control unit 

--integrated control unit 

--peripheral adapter module 

--storage control unit 

--system console 

--tape control unit 

--central processor 

--input/output control 

--buffer memory 

--high speed filter 

Because there were a great many records and codinq variations 
between centers, we used a-binary search 
lect components and converted the coding 
lowing table is a summary of the records 
the seven en route centers. 

Center 

Atlanta 199,564 2,997 58 
Boston 136,381 1,698 58 
Chicago 164,044 1,922 58 
Houston 112,102 1,431 57 
New York 197,665 1,975 513 
San Francisco 149,110 2,500 5% 
Seattle 192,395 1.916 58 

Total 

Universe 
size 

1,151,261 

technique to find and se- 
to FAA standards. The fol- 
that were processed for 

Selected 
records 

14,439 

Sample 
size 

405 
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The selected component records were then sampled using a dis- 
covery sample technique with a 95-percent confidence level for each 
of the seven centers. The objective of the discovery sample tech- 
nique is to select, with a given probability, an unrestricted ran- 
dom sample which contains at least one of the characteristic 
(error) items being sought, based on the expectation that the pro- 
jection contains a given percentage of characteristic items. Dis- 
covery sampling is a disclosure method--not an estimation method. 
We then printed the sample and distributed it to our field offices 
for manual verification against the center's official maintenance 
records. 

To look at future automation, we reviewed 10 out of 31 projects 
for en route centers and terminal areas. We selected the 10 be- 
cause they were significant in terms of cost, potential, or near 
term benefits, or were intended to provide the basis for future 
air traffic control. We examined these projects to identify cost, 
procurement methodology, and systemic weaknesses. 

To accomplish our objective relating to modernization of 
communications, we selected 4 out of 100 communications and re- 
lated projects. We selected the four because they were signifi- 
cant in terms of cost or potential benefits, and required coor- 
dination with national and international future user bodies. FAA 
estimates these four projects will cost more than $2 billion. Me 
examined them to identify potential performance limitations, the 
level of acceptance by domestic and foreign users, and the full 
costs and benefits that might accrue by implementing, delaying, 
or canceling these projects. 

We relied on our earlier reviews of FAA to help us identify 
potential deficiencies in automation and communication for further 
evaluation. These reviews included: 

--"Status of the Federal Aviation Administration's Microwave 
Landing System," PSAD-78-143, October 10, 1978. 

--"FAA's Program to Automate Flight Service Stations: Status 
and Needs," PSAD-80-1, October 31, 1979. 

--"FAA Has Not Gone Far Enough With Improvements to its Plan- 
ning and Acquisition Processes," PSAD-80-42, June 4, 1980. 

--"How to Improve the Federal Aviation Administration's Abil- 
ity to Deal With Safety Hazards," CED-30-66, February 29, 
1980. 

--"Computer Outages at Air Terminal Facilities and Their Cor- 
relation to Near Mid-Air Collisions," AFMD-82-43, Febru- 
ary 16, 1982. 

--"Applicability of Public Law 89-306 to FAA's Procurement 
of Computers for the Air Traffic Control System,” AFMD-82- 
47, February 18, 1302. 
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--Examination of the Federal Aviation Administration's Plan 
for the Plational Airspace System - Interim Report," AFMD- 
82-66, April 211, 1382. 

--"Review of the Federal Aviation Administration's Response 
to Chairman Jack Prooks' Letter on the National Airspace 
System Plan,' CAO/AFllD-82-31, June 4, 1982. 

--"Greater Emphasis on Information Resource Management is 
Needed at the Federal Aviation Administration," GAO/RCED- 
83-6@, November 24, 1982. 

!Je interviewed (1) officials in the Office of the Secretary 
of Transportation and in FAA who were involved in planning for the 
proposed computer replacement and communications projects and (2) 
FAA staff who were operating and maintaining the NAS. \Je also 
reviewed contracts, records, reports, and related information per- 
taining to FAA's planning, management, and operation of the NAS. 
We discussed budgeting, procurement, and technical issues with 
staff and officials of the FJhite House Science Council; the Senate 
and House Appropriations Committees; the House Committee on Science 
and Technology; the General Services Administration; the Gffice of 
Technology Assessment; the National Transportation Safety Board; 
the Air Transport Association; the International Business Machines 
Corporation; Sanders and Associates; the Raytheon Corporation; and 
the Sperry Univac Corporation. As requested by Congressman Bob 
Whittaker, we briefed his staff on autonation issues related to 
delays in implementing the computerized air traffic control system 
at the New York Terminal Radar Control facility. Also, at his re- 
quest, we briefed Congressman Elliott Levitas' staff on FAA's com- 
puter modernization plans. 

Our work was conducted at the Department of Transportation 
and FAA headquarters in Washington, D.C.; the FAA Technical Center 
in Atlantic City; the Mike Monroney Aeronautical Center in Oklahoma 
City; 8 of 10 FAA regional offices; 7 of 20 en route centers: and 
10 of over 180 terminal facilities. 

Our review was performed in accordance with generally accepted 
government audit standards except that we did not obtain agency 
comments on our findings, conclusions, and recommendations. 
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CONCERNS ABOUT PLANNING AND WQUISIT-ION EFFORTS 

FOX FUTURE SYSTEMS _I--- 

FAA's NAS plan deals with facilities and equipment as well 
as l,?ith supporting research and development. We believe the pl?n 
is a step in the right direction toward overhauling the air traffic 
control system. However, it should not !->e viewed as a comprehen- 
sive plan which addresses the three major areas of the National 
Airspace System--airspace, airports, and the air traffic control 
system-- in an integrated manner. FAA recognizes this and has ad- 
ditional planning efforts underway which are expected to be com- 
pleted by late 1385. Secause certain actions in the plan such as 
en route computer replacement must go forward at this time, FAA 
cannot be expected to wait for the results of the other studies 
before proceeding with implementation of the NAS plan. However, 
we believe FAA could minimize some of the risks associated with 
this approach b7 discussing and coordinating, at specified mile- 
stones, the preliminary findings of the ongoing reviews and assess 
their impact on implementation of projects in the NAS plan. Also, 
we believe the plan should: 

that 

--Assign priorities to the projects and clarify their pre- 
dicted impact on the system as a whole. 

--Assess alternatives and provide contingencies in the event 
of project delays. 

--Identify total subsystem costs for future year budgeting 
purposes. 

--Allow for inclusion of improvements identified by ongoing 
reviews of the National Airspace System and airports. 

--Xdentify the interdependencies of all NAS plan projects to 
include those projects that are not in the plan but that 
interface with the plan's projects. 

Some congressional committees and others have been concerned 
FAA rejected a less costly alternative for its en route com- 

puter replacement program. We believe this alternative should have 
been rejected and found even more compelling reasons for rejection 
than those identified by FAq. 

With reqard to FAA's proposed demonstration of the replace- 
ment computers, we believe-other alternatives 
be considered by FAA to validate that the new 
existing software. 

OVERVIEW OF THE NATIONAL AIRSPACE SYSTEM PLAN ---__I- 

exist that should 
computer can process 

On January 28, 1982, the FAA released its National Airspace 
System plan, This document spel‘ls out the improvements in facil- 
ities and equipment that FAA believes mlust be made in the next 

10 
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20 years to meet the projected needs and demands of aviation 
safety. Costs for the first 10 years are estimated by FAA to be 
about $3.7 billion to $3 billion. 

As part of its planning for the Kational Airspace System, FAA 
made certain decisions. These include 

--continuation of a fundamentally ground-based air traffic 
control system, 

-a implementation of an independent airborne traffic alert and 
collision avoidance system, 

--implementation of the highest level of air traffic control 
automation, 

--continuation of previously funded near term automation en- 
hancement to terminal and en route areas, and 

--eventual replacement of the Instrument Landing System by 
the Microwave Landing System. 

With implementation of the plan, FAA intends to consolidate 
facilities, starting with the closing of en route traffic control 
centers in the mid-eighties. According to FAA, the newer technology 
will permit even greater future consolidation, from today's more 
than 200 air traffic control facilities to approximately 60 or even 
40 by the year 2000. 

Among the 97 individual projects described in the NAS plan, 
the most significant acquisitions include 

--near term replacement of the present air traffic control 
computers, 

--automation of the flight service stations to permit direct 
pilot access to more timely weather information, and 

--development of new radar, communications, and landing sys- 
tems. 

THE NAS PLAN NEEDS TO IDENTIFY SYSTEM 
PRIORITIES, ALTERNATIVES, AND SUBSYSFEM COSTS 

The plan identifies 37 facilities and equipment projects to 
be completed over the next 20 years. By 1934, FAA hopes to have 
completed its air traffic control computer modernization program. 
More than 30 tine-sensitive and interdependent projects must be 
successfully developed and implemented if this goal is to be met. 
P7e believe such an ambitious schedule requires identification of 
project priorities, careful planning of alternatives (including 
contingencies), clearly defined project interdependencies, and 
description of planned activities. 

11 
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We are concerned that the plan does not identify priorities 
for projects necessary to achieve the nlan's yoa1.s. If, 5ec3usz 
of possible budgetary constraints or engineering problems, a proj- 
ect is eliminated or schedules altered, the plan should make it 
clear what impact this would have on the system BS a whole. Also, 
the plan should specify how or which projects could be eliminated 
or rescheduled so that major goals are achieved. For example, the 
plan gives developmental flow diagrams for each level of the sys- 
tem. We believe the diagrams should include critical paths; their 
relationship to the goals of safety, capacity, and productivity; 
and critical project interdependencies. 

An example of the need to plan for contingencies is FAA's 
Advanced Automation Program. This program involves two major 
procurements: (1) the replacement computers and (2) new software 
and controller sector suites. YAA's acquisition strategy is to 
select two competitors for each of these procurements. Thus, for 
just this one program, FAA must manage four contractors (possibly 
Some subcontractors as well), coordinating work and development 
and keeping on schedule. FAA should develop a contingency strategy 
for extending the existing computers' system life if delays are 
encountered during these two major procurements. 

Total costs to implement the Nabs c plan have not been fully de- 
termined by FAA. Costs for the first 13 years are estimated by FAA 
to run between $3.7 billion and $9 billion. Congressional approval , 
has been requested to start implementation of the NAS plan; however, 1 
subsystem costs are yet to be identified. The 9ouse Committee on 
Appropriations has voiced its concern about the lack of cost jus- 
tification in the 1983 Department of Transportation and Related 
Agencies Appropriations Bill (4.R. 97-783). The Committee indi- 1 
cated it was not committed to fundinq the entire NAS r>lan. Fur- 
ther, the Committee said it expected FAA to provide detailed 
justification in future years' budgets for replacing terminal 
services computers, the sector suite program, and other programs 
in the NAS plan. ! 

/ 
NAS PLAN SHOULD BE UPDATED 

Since major expenditures will soon be occurring, FAA needs 
to assure itself that acquisition decisions are adequately coor- 
dinated with other air traffic control activities and projects 
so that user and operational needs are not unnecessarily con- 
strained. We believe that coordinating the plan's projects, as- 
signing priorities to projects, assessing alternatives and develop- 
ing contingency plans, and identifying interdependencies of systems 
will provide this assurance. 

12 
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FAA has already i.rlentified 31 ?n route and terminal automation 
projects in the plan. Funding during fiscal 1983 through 1385 for 
24 of the projects is as follows: 

Fiscal 
year 

En route Terminal 
automation automation 

projects projects 

---------(,nillions)--------- 

1983 $116.1 $ 62.0 
1984 834.4 125.1 
1985 152.2 67.4 

As of December 1982, costs by project and by fiscal year after 
fiscal 1985 could not be provided. We believe these costs should 
be developed as early as possible and that updating of the plan 
is essential. This will increase FAA's flexibility and capa- 
bility to meet future growth. 

PRELIMINARY FINDINGS OF ONGOING REVIEWS 
SHOULD BE COORDINATED WITH IMPLEMENTATION 
OF' THE NAS PLAN 

We believe comprehensive long-rang e planning is a recognized 
way to (1) achieve efficient and effective use of resources, (2) 
ensure that these resources support agency missions and objectives, 
and (3) commit top ,management to action. The lack of long-range 
planning has been of concern to conqressional committees monitor- 
ing FAA activities. 

FAA has not yet developed a comprehensive overall agency long- 
range plan. The ?Jational Airspace System is made up of air-ports, 
the air traffic control syster[l, and airsFace. We believe the NAS" 
plan is a significant effort to chart future evolution of the air 
traffic control system, but it addresses only part of the whole 
National Airspace System-- the air traffic control system facili- 
ties and equipment and supporting research and development. 

To do comprehensive long-range planning we believe all three 
parts should be addressed so that the National Airspace System 
will develop in an integrated manner. FAA has begun studying hot:? 
of the other parts. The National Airspace Review, a study of the 
operational uses of the Nation's airspace, is expected to be com- 
pleted near the end of 1985. FAC\ expects that the Vational .4ir- 
port System Plan srtill not be con?l,?ted for at least 2 more years. 
By issuing a plan for modernization of facilities and equipment 
without first knowing how the results of the other two plans will 
affect these decisions, we believe FAA risks limiting needed im- 
provements in use of facilities an:1 equipment because of large 
investments that will have already been made. Ne have previously 
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reported on FAA's need for comprehensive planning for aviation 
safety. 1/ That report identifies the key elements of a compre- 
hensive planning process which we believe are also applicable to 
the National Airspace System planning process. 

FAA estimates that costs for the first 10 years of the NAS 
plan will run about $8.7 billion to $9 billion. This includes 
buildings, landing and communications systems, and the computer 
modernization program. At congressional hearings, FAA has stated 
that the equipment decisions in the NAS plan incorporate suffi- 
cient flexibility to accommodate changes recommended by the Na- 
tional Airspace Review but did not explain how this would be done. 
We are concerned that the multibillion-dollar equipment and facil- 
ity decisions being made now may limit the degree of improvement 
recommended by the National Airspace Review. Consequently, instead 
of the operational use of airspace driving the equipment needs, 
the opposite may be true. Newly established facilities and equip- 
ment could drive and limit improvements sought by the airspace re- 
view and airport plan. 

We are not suggesting that FAA delay implementing the NAS 
plan pending the results of the other ongoing studies. Our pur- 
pose is to point out that there is risk associated with FAA's 
approach and that we believe it would be prudent for FAA to con- 
sider how the possible outcome of ongoing studies may affect proj- 
ects in the NAS plan, and vice versa. For example, at certain 
milestones FAA could discuss and evaluate preliminary findings of 
the onqoing reviews and assess their impact on the implementation 
of projects in the NAS plan. By coordinating these two efforts, 
FAA could ensure that the right equipment is procured and installed 
at the right location, avoid incurring additional expenses, and 
achieve integrated development of the National Airspace System. 

INTERDEPENDENCIES OF SYSTEMS AND PROJECTS 
NEED TO BE IDENTIFIED 

We believe the NAS plan should identify what projects are 
interdependent so that development efforts can be coordinated and 
goals and objectives met. One of the objectives in the plan is 
to consolidate en route and terminal facilities, with most hard- 
ware and software elements identical. FAA hopes to achieve sub- 
stantial productivity gains and reduce costs by consolidating its 
more than 200 centers and terminals to 40. Since issuance of the 
plan FAA has introduced a different concept for consolidation: 
the Area Control Facility. Under this concept, both the centers 
and the terminals would be consolidated in one move rather than in 
two. The Area Control Facilities would maintain control of both 
terminal arrival/departure and/or en route air traffic. 

l/"How to Improve the Federal Aviation Administration's Ability to - 
Deal With Safety Hazards," CED-80-66, Feb. 29, 1980. 

14 
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Yost control towers at airports would continue to operate, 
but staff would be reduced from current levels. 4bout GO-73 
percent of the staff would be transferred to an Area Control 
Facility. According to FAA, the qoal is to lessen operational 
costs by reducing the number of manned facilities and improving 
productivity. 

FAA's consolidation project is dependent on adequate commun- 
ications (radar and telecommunications) for controlling air traf- 
fic from consolidated centers. Communications are needed to link 
radar sites to the new centers. LIowever, FAA has separated con- 
solidation of air traffic control centers and terminals from 
equipment replacement proposals (such as replacement of the en 
route computer and communications). These are interdependent ac- 
tions. We believe F-A should identify the projects--including 
those not in the plan --that are interdependent so that tl-ley can 
be developed in a coordinated manner. 

MORE COMPELLING REASONS WHY FAA'S REJECTION 
OF 9020A to D ALTERNATIVE WAS APPROPRIATE 

In response to House Report 98-1400 &/ recommendations to re- 
view alternatives to en route computer replacement, FAA provided 
the Congress a study of its analysis of options and its near and 
far term solutions. The options in the study address the Uouse 
Report's recommendations and no single option includes the selec- 
ted approach for en route computer replacement stated in the NAS 
plan. One of the near term solutions describes the upgrading 
of centers with IBM 9020A computers to 9020D computers as (1) cost 
effective, (2) entailing minimum risk, and (3) capable of provid- 
ing sufficient capacity until a long term solution can be imple- 
mented. FAA rejected the 9020A to ?320D alternative because: 

--Reliability would not be improved since 1960 vintage tech- 
nology would still be used. 

--Problems of parts availability and high maintenance costs 
would not be resolved. 

--Functional improvements such as direct/fuel efficient route 
planning and automated en route air traffic control could 
not be processed due to 902OD limitations. 

Ve found that FAA's analysis of this option -was based on 
incomplete and outdated information. The 9020 series computers, 
manufactured by I3M for F,4A in the late 136Os, introduced a new 
era in automated air traffic control. Because ISV officials have 
the institutional knowledge needed to build the 9320, we discusse3 

- - -  I - -  I _  
- _ _ _ - - - - - - - _ _  

l/"Making Appropriations for the Department of Transportation 1 
and Related Agencies," 95th Congress, Sept. 25, 1980. 
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this alternative with them. They told us that while such an up- 
grade is technically possible, it woulF! not be practical. IBM 
said it would have to reestablish its engineering and production 
facilities to upgrade 9020As to Ds and would do so only in response 
to a national emergency. 

We also reviewed FAA's methodology for determining the cost 
of this alternative and found that in developing its cost estimate, 
FAA used pricing data obtained through informal discussions with 
IBM in 1980. This data reflected the price of the new IRM 9020s 
which were last available in 3977. We believe, therefore, that 
FAA's $64 million figure is no indication of actual costs were FAA 
to proceed. 

The impracticality of the 9020A to 3020D solution also affects 
FAA's plans to use it as a fallback option if computer replacement 
efforts are delayed. In hearings before the House Committee on 
Appropriations, FAA stated that the 9021)A to 902OD option still 
could be exercised in case of delays to the computer replacement 
program. Since IBM considers the upgrade impractical, it is 
highly unlikely that such a contingency plan could be implemented. 

FAA SHOULD CONSIDER ALTERNATIVES 
FOR PROCURING AND DEMONSTRATING 
THE REPLACEMENT COMPUTERS 

FAA has taken several actions to facilitate its computer re- 
placement effort. In early 1981, FAA opened the Technical Center 
Library to all parties seeking technical information and background 
on the IRM 9020 computers. On December 7, 1381, the Secretary of 
Transportation authorized FAA to include in the computer replace- 
ment contracts a clause under which the United States will indem- 
nify or "hold harmless contractors and subcontractors for losses 
arising out of 'the use, operation or malfunction or failure of 
any hardware or software for losses in excess of $500 million per 
single occurrence' provided under such contracts." As a result, 
vendors who previously were unwilling to propose a new system to 
FAA because of the risk of financial loss are now prospective bid- 
ders. After publicly announcing in 1902 that the en route compu- 
ter would be replaced, FAA offered to sell the current software to 
all interested parties at a cost of $3400. In July 1982, at the 
Houston center, FAA provided one week of briefings and discussion 
to interested vendors on center and 9020 operations--hardware and 
software. 

FAA's chosen computer modernization strategy calls for re- 
placement of its en route center and terminal area equipment. 
Initially, about 1988, the en route computers will be replaced. 
About 199rl, as other projects are completed, the terminal equipment 
will be replaced or its functions consolidated into the centers. 
FAA will, on a cost-plus-a-fixed-fee basis, fund two competing con- 
tractors to modify the existing software and demonstrate that this 
software can be processed on the computer proposed by each contrac- 
tor. FAA has determined that the new computers must be capable of 
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processing the existing en route software and will conduct a demon- 
stration "compute-off." We believe FAA should consider other con- 
tractual alternatives to using the cost-plus-a-fixed-fee approach 
such as firm fixed-price or cost-sharing contracts. Either of 
these alternatives would permit the vendor to share the risk and 
benefits associated with development. 

Computer modernization strategy 

FAA's chosen computer modernization strategy calls for the 
evolutionary replacement of en route and terminal area equipment. 
Current en route computers will be replaced about 1988 by compu- 
ters capable of processing the existing software. FAA calls these 
replacement computers host computers, The estimated total cost of 
this program is about $300 million. Next, between 1988-1994 ad- 
ditional hardware and software will be installed for the Advanced 
Automation System. This will entail (1) upgrading or replacing 
the host computers, (2) replacing existing controller displays at 
en route and terminal areas with newly developed sector suites, 
(3) redesigning the existing software to permit increased use of 
automation in air traffic control such as automatic generation of 
aircraft clearances, and (4) consolidating en route and terminal 
area control functions. Acquisition of these improvements will 
be managed by the newly established Advanced Automation Program 
Office. Total cost of the entire computer modernization program 
is estimated by FAA at $3.4 billion. 

In its determinations for replacing the computers, FAA's prime 
consideration was that the computers must be able to process the 
existing software. FAA recognizes that the requirement for in- 
struction compatibility could reduce the competition because few 
vendors have instruction-compatible equipment of the size needed. 
FAA believes that this disadvantage is outweighed by the lower 
risk inherent in the chosen solution. Although alternative ap- 
proaches such as total hardware and software replacement were con- 
sidered, FAA rejected these because they were determined to be 
risky and incapable of meeting FAA's replacement date. FAA does 
not believe competition would be enhanced for this project if the 
software compatible requirement were dropped. This is because FAA 
does not believe anyone could develop a system within the 21-month 
period allowed with other than an instruction-compatible computer. 
(The 21-month period is FAA's estimate of the time needed to develop 
or convert the software and demonstrate it on the proposed compu- 
ter.) Officials of the Advanced Automation Office stated that the 
current software is the driving force and the means to the end-- 
acquiring computers to run it-- and only by continuing to use it 
can FAA have confidence that the replacement computer will con- 
tinue to safely support air travel. 

Two-phase procurement is planned 

The replacement hardware, which does not include replacement 
of the display computers (Raytheon 730 and IBM 902OE), must be ca- 
pable of processing the existing en route software. The procurement 
will be performed in two phases. 
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In the first phase, FAA r?ill fund, on a cost-plas-a-fixed-fee 
contractual basis, two contract0rs to modify the NW softMare and 
demonstrate that this software can Se processed on off-the-shelf 
equipment proposed by th e contractor as replacement for existing 
computers. Total estimated contractual cost Eor the demonstration 
is $68 million. During this 21-month phase, each contractor will 
perform FAA-monitored tests at the Technical Center. rJnon comple- 
tion of testing, one contractor will be selected to deliver cro- 
duction systems. 

In the second phase, FAA plans to install about 24 systems. 
These will be located at 18 to 20 en route centers, the FAA Academy, 
and one each to the two follow-on system contractors. L/ 9s an 
option, one may be installed at the ?echnical Center. FAA esti- 
mates that all 24 systems, each built around two off-the-shelf 
instruction-compatible processors, {Jill cost about $238 million. 

Compute-off demonstrations 
are sometimes appropriate 

Compute-off demonstrations are appropriate when major Govern- 
ment acquisitions entail a high degree of risk due to innovative 
concepts or risky and costly conversion. The Government reduces 
the risk to contractors by funding the demonstrations. Such 
compute-off demonstrations are appropriate in procurements con- 
ducted under Office of Management and Budget (OHB) Circular A-109 
guidelines. 

The philosophy of OMB A-109 is to present agency mission needs 
(rather than specific solutions to needs), to encourage interest, 
innovation, and competition among potential contractors. A-139 
places emphasis on generating alternative solutions while control- 
ling risks and costs through parallel development, demonstrations, 
and tests. The method has been used for developing weapons sys- 
tems and other major system acquisitions. 

FAA's use of the compute-off will 
result In dupllcatlve software efforts 

In its Request for Proposals, FAA has restricted the architec- 
ture and size of the replacement computers and specified that pro- 
cessors must be available "off the shelf." These constraints re- 
strict achievement of the benefits of the demonstration philosophy. 
Also, FAA's $68 million compute-off will result in duplicative 
software efforts-- one will not be used. The compute- off will dem- 
onstrate that two contractors can modify existing software programs 
-- -~I_- 

l/Two system contractors will be nrovided the replacement computers - 
as Government-furnished equipment for designing the Advanced Com- 
puter System. The contractors will redesign the software and de- 
velop new controller workstations called sector suites. FAA es- 
timates that development and production of the qdvancnd lomputer 
System will cost about $2 billion. 
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so that they can be processed on the type of instruction-compat- 
ible equipment each proposes. In an October 1381 study on the 
technical issues of using instruction-compatible computers to re- 
place existing en route PO2Os, a contractor stated that the soft- 
ware could be modified for about $5.8 million. 61e believe that 
because of the architecture and size restrictions and the instruc- 
tion compatibility requirement, the software modified by the two 
contractors will be mostly similar. Only one of these packages 
will be used at the operational sites. 

Alternatives were considered by FAA 
for demonstrating the computer 

FAA contract officials said they considered other contractual 
alternatives besides the cost-plus-a-fixed-fee method but found 
them to be incompatible with FAA needs. Alternatives included (1) 
a firm fixed-price contract and (2) cost sharing arrangements. A 
firm fixed-price contract was rejected because the system's spe- 
cifications could not he sufficiently defined. These officials 
also stated that use of a cost-sharing contract was considered but 
not fully analyzed. It was deemed inappropriate because of the 
lack of commercial application of the product developed (commer- 
cial application was interpreted as only the U.S. market). 

FAA should reconsider contractual alternatives -...-- 

We agree that a demonstration to validate contractor perform- 
ance may be warranted as a desirable feature. However, we believe 
that information regarding (1) the absence of a need to demonstrate 
alternative concepts and solutions, (2) defined specifications, 
(3) commercial applicability, and (4) FAA's own perception that 
the demonstration will be successful, warrants reconsideration of 
contractual alternatives. 

Current demonstration requirements will provide two solutions 
that may be very similar in approach, since both will be based on 
instruction-compatible equipment processing the existing software. 
The guideline FAA is following for its software modification and 
computer demonstration is intended and used for demonstrating 
newly developed and untried alternative concepts and solutions to 
agency mission needs. FAA is not seek: ing alternative concepts and 
solutions for computer replacement (in its Request for Proposals 
FAA has restricted the computer architecture and speed of the re- 
placement computers). 

FAA contracting officials said that a firm fixed-price contract 
was rejected because the system's specifications could not be suf- 
ficiently defined. We have surveyed FAA's Request for Proposals 
for the computer demonstration and hel.ieve it amply defines the 
system's specifications. 
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Federal procurement regulations state that the cost-plus-a- 
fixed-fee contract is inappropriate once prelimiharv exploration 
and studies have indicated a 'nigh degree of probability that the 
development is feasible, and the Government generally has rletprmiqe.j 
its desired performance objectives and schedule of comnletion, 4n 
official of the Advanced Automation Office stated that the risk of 
contractors not meeting FAA's demonstration requirements is low. 
Therefore, we believe the cost-plus-a-fixed fee contract may not 
be appropriate for the demonstration contract. 

Federal procurement regulations state that cost-sharing con- 
tracts are suitable for those procurements covering production or 
research projects that have potential mutual benefit to the Gov- 
ernment and the contractor. An illustration provided in the regu- 
lations of when a cost-sharing contract would be desirable is that 
of research and development work when the results of the contract 
could have commercial benefit to the contractor, FAA contracting 
officials said that a cost-sharinq contract was considered but not 
fully analyzed. It was deemed inappropriate because of the lack 
of commercial application. We believe the experience gained in 
the demonstration would benefit a contractor by increasing its 
competitiveness regarding the Advanced Automation System and 
foreign civilian air traffic control systems as well. Therefore, 
we believe cost sharing may be more appropriate than the cost-plus- 
a-fixed-fee approach. Also, contractor demonstrations funded under 
a cost-plus-a-fixed-fee contract are appropriate if the level of 
effort required is unknown, but this is not the case. 

We believe that, before awarding the demonstration contract, 
FAA should fully analyze and evaluate the appropriateness and 
cost/benefits of a firm fixed-price contract and a cost-sharing 
contract for the computer demonstration. Since this could be 
done while contractors are preparing proposals, yqe believe it 
would cause little delay. The results of this analysis should be 
reported to the Department of Transportation Acquisition EXeCU- 
tive for determination of most appropriate method before offici- 
ating the demonstration contract. PJe believe this assessment 
could result in lower acquisition costs. 

CONCLUSIONS 

FAA's efforts to develop the NAS plan are a commendable first 
step. However, FAA needs to develop a comprehensive long range 
plan and to identify priorities, alternatives and contingencies, 
interdependencies, and subsystem costs for specific projects iq 
the NAS plan. This is needed for congressional program approval 
as well as for F*AA purposes. Also, the preliminary results of 
other ongoing reviews should be coordinated with imnlementation 
of the NAS plan. We believe this would reduce the risk of limit- 
ing improvements in use of the airyspace, airports, and the air 
traffic control system. 
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We believe the use of a cost-plus-a-fixed-fee contract for 
demonstrating that new computers will process the existing soft- 
ware is too costly. FAA should consider a less costly type of 
contractual approach for its computer demonstration. 

RECOMMENDATIONS 

We recommend that the Secretary of Transportation direct the 
FAA Administrator to: 

--Implement a comprehensive planning process for the National 
Airspace System (use of the Nation's airspace, airports, and 
the air traffic control system) that will result in a long 
range plan. This process should provide a mechanism to 
(1) define system requirements agencywide, (2) establish 
objectives, strategies, and priorities for these require- 
ments, (3) coordinate preliminary or final results of on- 
going reviews with implementation of the NAS plan, and 
(4) update the NAS plan and identify project priorities, 
contingencies, total and subsystem costs, and interdepend- 
encies. 

--Fully analyze and evaluate the appropriateness and cost/ 
benefits of a firm fixed-price, cost-sharing, and cost-plus- 
a-fixed-fee contract for the computer demonstration, and re- 
port the results of this analysis to the Department of Trans- 
portation Acquisition Executive, for determination of the 
most appropriate contract method before awarding the demon- 
stration contract. 
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FAA NEEDS TO IMPROVE THE MANAGEMENT 
j 

OF ITS AUTOMATION RESOURCES 
r i 

The National Airspace System is dependent upon computers for 
its operation. Without them, control of the Nation's air traffic 
would be severely affected. Me found that FAA's organizational 
structure and management approach do not provide the centralized 
oversight, planning, control, and direction we believe is neces- 
sary to ensure that air traffic control automation resources are 
efficiently and effectively used. Offices that are responsible 
for managing individual programs are not able to ensure that 
agencywide needs are adequately coordinated. FAA has experienced 
delays and cost overruns in many system and software development 
projects because of inadequate management control and oversight. 
Many of these projects were designed to improve safety and fuel 
efficiency. 

Many of these problems appear to be isolated, but when viewed 
as a whole they demonstrate the need for more oversight and con- 
trol. FJhile not a cure-all for the delays and cost-overruns ex- 
perienced, we believe centralized management could increase over- 
sight and control and improve program accountability. 

FAA has recently focused greater attention on the management 
of computer resources but has not adopted the centralized manage- 
ment concept for all its automation resources. FAA has reorganized 
to provide greater centralized management control over its Advanced 
Automation Program under one organization. It also issued a new 
operating order which, if successfully implemented, could result 
in better control over major acquisitions and increased accounta- 
bility of the project officers. We view these management initia- 
tives as a step in the right direction and provide several rec- 
ommendations for improvement to further what has already been 
started. 

Although FAA's air traffic control system relies heavily on 
computers, it does not have a functional organization with re- 
sponsibility for measuring the efficiency and performance of its 
computers. This had been previously recommended in House Report 
98-1100. We believe that as part of its efforts to revitalize man- 
agement, FAA needs a comprehensive organization to improve its 
ability to acquire, manage, and use computer resources efficiently 
and effectively and provide management with timely performance 
information. 

AUTHORITY AND ACCOUNTABILITY UNCLEAR 

Under FAA's management philosophy, the authority and accoun- 
tability for managing automation resources are divided among four 
different organizations. These are the Air Traffic Service, the 
Airway Facilities Service, the Systems Research and Development 
Service, and the Advanced Automation Program Office. The duties 
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and responsibilities for development, :,peration, maintenance, and 
acquisition of software and hardware are therefore dispersed and 
relegated to lower level. units, and somet.i.mes duplicated. 

The four organizations do not have 1. ine authority over auto- 
mation staff and resources located ir: regional offices, en route 
centers, and terminal facilities. This is because the management 
structure was established at a time whcln FAA was implementing the 
initial stages of air traffic automatir>n (early 1970). However, 
today's automation priorities focus ML routine day-to-day hardware 
and software maintenance of the estaktlished system, and management 
directives have not been updated to reflect this change. Currently, 
each center or facility can decide to implement local software 
changes. This sometimes occurs at t1ie expense of efficient use 
of resources. For example, official:; ;~t the Seattle en route cen- 
ter said that they and 75 percent of t+e other centers use a Local 
software modification that automatical iy produces hourly weather 
information. Each time FAA national l.y i.mp.Lements a new version of 
the software for the centers (about l~v+ry 6 months), each center 
using this local modification must insert and test it independently. 
These efforts use personnel and computer resources and' could be 
minimized if the modification were incr,lrporated into the national 
system. 

Historically, FAA's management phi.losophy has been to permit 
Services and Offices to independently nanage automation resources 
such as computers and personnel with Iittle or no central direc- 
tion. Although these decentralized act.ivities provide air traffic 
control automation support where the users are located, they pro- 
vide no assurance that FAA-wide air i:raffic control automation 
needs are met. Differing management styles and techniques are 
focused on local needs with no adeqll.i+c! assessment and considera- 
tion of FAA-wide requirements. 

The following table illustrates tile decentralized management 
approach used for several air traffic c:ontrol automation projects. 
Although orders specify that system #development projects are to 
be the sole responsibility of the Systc?ms Research akld Development 
Service, the operational services alS(- lead development projects-- 
such as the retrofit of ARTS IIIA soft&are (Air Traffic Service) 
and the direct access radar channel (PARC) enhancement project 
(Airway Facilities Service). System r2>:quisition, which was the 
sole responsibility of the Airway Faci Lities Service, is now also 
included in the duties of the Advance? Actomation Office. Although 
maintenance of the operational software is the responsibility of 
the Air Traffic Service, all DARC softdare development and main- 
tenance is handled by the Airway Facilities Service. Because of 
a shortage of personnel at FAA's Techr-.ical Center, software main- 
tenance for Tampa/Sarasota ARTS is performed by local personnel 
who report to regional. management. The Air Traffic Service is 
retrofitting the nationally used ARTS IllA software because their 
opera-tional needs were not properly iitentified when the original 
specifications were developed by the Airway Facilities Service. 
(See the table on page 24.) 
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FAA has taken an initial step toward integrating some conpu- 
ter modernization efforts under one organization. For its $3.4 bil- 
lion computer modernization program FAA has established the Advanced 
Automation Program Office. The program manager responsible for 
acquiring, testing, and implementing this system reports to the 
Administrator. The program manager approach is intended to inte- 
grate system development, focus attention on resolving problems, 
and centralize direction and authority for specific projects. 

Furthermore, FAA has also realigned its automation engineer- 
ing functions. Most of these functions, formerly performed by the 
Airway Facilities Service and the Systems Research and Development 
Service, are being combined into a newly created Program Engineering 
and Maintenance Service. To preserve the continuity of essential 
operations the current organizations will continue to perform their 
assigned functions, but they will do so within the new organiza- 
tional structure and with the same personnel. Air Traffic Service 
automation responsibilities were unchanged and were not integrated. 

We believe that combining the engineering functions of Sys- 
tems Research and Development with those of Airway Facilities Serv- 
ice and creating the Advanced Automation Office will improve the 
use of engineering resources for development and provide better 
management of the computer replacement. However, this realignment 
does little to alleviate the need for central direction and leader- 
ship, since three separate offices remain independently responsible 
for automation. 

INCREASED MANAGEMENT CONTROL NEEDED 
OVER SYSTEMS AND SOFTCJARE DEVELOPMENT 

Many automation projects being developed by FAA's lower level 
units are experiencing delays and cost overruns. Pk believe these 
problems have NAS-wide impact because the projects are designed to 
improve safety and productivity at the en route centers and terni- 
nal areas nationally; they are not .isolated projects. 

Numerous management and technical problems 
y dela 

The following examples illustrate the problems FAA has en- 
countered over the past several years in completing systems 
projects and developing the software needed to run the systems. 
We believe the magnitude and complexity of these problems demon- 
strate a need for greater oversight and control. Also, a more 
centralized management approach may help correct these problems 
and reduce recurrences. 

--Development and testing of the Electronic Tabular Display 
Subsystem (ETABS) is more than 2 years late and more than 
$5 million over cost. 
Service project) 

(Systems Research and Development 
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--The digital features of the Tampa/Sarasota ARTS system were 
not fully commissioned until 3 years after the equipment 
was installed. (Portions of this development project are 
divided among Systems Research and Development Service, 
Airway Facilities Service, and Air Traffic Service.) 

--Software development problems have delayed full use of the 
ARTS IIIA hardware at larqer sites until late 1381. (Air 
Traffic Service project) 

--Installation of ARTS IIA computers at medium density ter- 
minals, estimated to cost $1.2 million, is proceeding with- 
out FAA having formalized system and user needs. (Airway 
Facilities Service project) 

--Replacement of the TPX-42 system, estimated to cost $37 mil- 
lion, is proceeding without FAA having identified user and 
operational requirements. [Airway Facilities Service proj- 
ect) 

--Testing of a prototype Automated Terminal Information Service j 
system was suspended due to Air Traffic Service's concern 
that controller functions would be impaired. (Systems Re- 
search and Development Service project) 1 

Electronic Tabular Display Subsystem ___- -_- 
is late and over cost 

Recognizing that controller productivity should be improved, 
the Systems Research and Development Service developed a concept 
called the Electronic Tabular Display Subsystem. The subsystem 
was envisioned to he a flight data presentation located at en route 
controller positions, and would replace the currently used flight 
progress strips. Ry automating some of the controller's manual 
and verbal tasks, it could reduce the controller's workload. 

The $2.6 nilli.on contract called for the delivery of an en- 
gineering model by January 1980. Eight months into the contract, 
a cost overrun proposal was submitted by the contractor. It ad- 
vised FAA that the cost to the Government had risen by over one 
million dollars, the schedule had slipped 6 months, and the over- 
run was due to design changes and rncomplete and changing FAA 
specification requirements. For example, the contractor stated 
that the complexity of the task had been underestimated by all 
parties and that the total number :)f lines of software code had in- 
creased by more than 300 percent. Subsequently, three other cost 
overrun proposals totaling $4.6 ni'lion were submitted and contrac- 
tually incorporated. The prototype ETABS equipment was delivered 
in May 3982, more than 2 years later than originally specified. 
Because of these overruns, a planhe analysis of controller prod- 
uctivity improvements resulting frc,in the use of ETAR,S was can- 
celed. 
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griginally planned as the forerunner of a production system, 
ET4F3S has been relegated to r>rovitling technical input to the design 
of the future sector suite, an autorlated controller workstation. 
Although ET4RS is less complex than sector suite, it is conceptually 
similar in that controller productivity is presumed to increase due 
to automation of manual functions. Therefore, because controller 
productivity is a goal of the lVAS plan, FAA should resume the 
planned analysis to determine if such productivity gains are pos- 
sible and cost effective. The project was managed mainly at the 
branch l,evel within the Systems Research and Development Service. 

Lack of management attention affects 
Tampa/Sarasota development efforts 

The Tampa/Sarasota project was a developmental effort designed 
to demonstrate the operational feasibility of digitizing &' remote 
radar data and transmitting it to the Tampa TRACON and to control 
towers located at Sarasota, Tampa, St. Petersburg, and Mac Dill 
Air Force Base. Because the project stemmed from a development 
effort managed by the Systems Research and Development Service, 
regional and facility personnel felt that it did not receive full 
attention from the operational services (Air Traffic Service and 
Airway Facilities Service). (See p. 23 for discussion on respon- 
sibilities for system development projects.) We believe this has 
increased costs and delayed timely testing and full commission- 
ing of the system. 

FAA Southern Region and Tampa personnel believe efforts to 
use the system operationally were delayed because the Air Traf- 
fic and Airway Facilities Services in headquarters felt the proj- 
ect was unique and would produce little benefit that could be ap- 
plied nationwide. Yeadquarters personnel from both Services have 
stated that they are not responsible for delays in the full com- 
missioning of the TRACOM. They claim that many of the problems 
cited by the facility as obstacles to resumption of operational 
tests could have been resolved earlier had the facility not overly 
sensitized the calibration of some of the equipment used. 

Originally estimated at $4 million, the automation costs have 
increased to more than $11 million. ldditional costs will be in- 
curred later for replacement of computer equipment and controller 
displays that have been identified as maintenance liabilities. 

Following hardware installation in 1977, the basic system 
was partially commissioned in May 1973. Only those functions 

L/Radar information is usually sent to an ARTS computer by micro- 
wave transmission. By converting the data at the radar site to 
digital form, the information can Se transmitted at less cost 
over telephone lines. 
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performed by the previous system were available. The digital fea- 
tures of the system were working but needed to be fully tested 
using live air traffic. 

Tampa personnel attempted to conduct an operational evalua- 
tion of the digital portion of the system on several occasions 
starting in January 1980. Operational tests were either termi- 
nated during testing or were canceled due to hardware and soft- 
ware problems. Following successful completion of tests in 
August 1982, the Tampa/Sarasota TRACON was officially declared 
fully operational in September 1982. 

FAA Southern Region and tower personnel believe that while 
developmental problems have occurred, the Tampa/Sarasota project 
deserves the attention and support of the Air Traffic and Airway 
Facilities Services, especially since the project has demonstrated 
that radar signals and other information can be transmitted in 
digital form to remote locations. They believe that this capa- 
bility may preclude the need for installing individual computers 
at low and medium activity facilities. Also, that the proposed 
consolidation of terminal and en route functions into one facility 
may benefit from the experience gained and reduce communication 
costs. 

ARTS IIIA software is not fully operational -I_ 

After unsuccessful attempts to operationally install the 
ARTS IJIA software at the Jacksonville, Florida, and Denver, 
Colorado, facilities, the Air Traffic Service initiated an exten- 
sive in-house analysis. Following analysis of the executive pro- 
gram, which supervises computer operations and software, the Air 
Traffic Service concluded that the Univac-developed software was 
designed improperly because it did not incorporate any program or 
data protection schemes to prevent access, destruction, or modi- 
fication of data used by another program. Such protection is 
necessary. 

Air Traffic Service software programmer personnel have re- 
designed the program and believe they have corrected this prob- 
lem. However, another modification of the executive program will 
be needed for sites with more than 10 displays. The Air Traffic 
Service plans to perform this task using in-house personnel re- 
sourcesr and estimates it will take a year to complete. 

Only those ARTS IIIA sites with fewer than 10 displays are 
installing the new software. We found that only !i of 62 sites 
are operating using the ARTS IIIA software. According to the 
latest estimate, large terminal areas such as Washington, D.C., 
Atlanta, and Chicago will not receive full ARTS IIIA capability 
until late 1984. 
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Acquisition of lower density 
terminal computers is hindered - -_l c - -- 
by lack of user requirements - ..I_- 

FAA officials havs stated that ,zorlputer equipment installed 
at lower density terminals needs to Is? replaced because the safety 
features of computers installed at blls<er terminals cannot be per- 
formed at less busy ones. FAA beliFve5 this to be a less costly 
alternative than installinq ARTS III type computers at these lower 
density sites. These features arc conflict alert and minimum safe 
altitude warning. Two acquisition activities have been initiated, 
namely the upgrade of 89 ARTS II sites and the replacement of 37 
TPX-42 semiautomatic systems. 

The upgrade of the ART 5 II computers to ARTS IIA capability 
involves three organizations: the Systems Research and Development 
Service, the Airway Facilities Service, and the Air Traffic Serv- 
ice. The Systems Service is responsi?le for developing the initial 
hardware and software systems. The Facilities Service will procure 
production equipment to replace the existing processor with a more 
powerful version. The Traffic Service is responsible for identify- 
ing its operational needs and implementing the system procured. 

We found that the Traffic Service has not formalized its sys- 
tem workload requirement. This has hindered the developmental ef- 
forts of the Systems Service and the procurement activities of the 
Facilities Service. Development of ARTS II9 software is proceeding 
despite unanswered requests for more definitive workload require- 
ments from the Traffic Service. In a memorandum to the Traffic 
Service, the Systems Service stated: 

"Although we agree in principle rqith the need for this 
demonstration lof the ARTS IIA tracker], it will only 
answer the question of actual ARTS-IIA system capa- 
city. The question of what capacity is required will 
not be addressed by this demonstration. It is impera- 
tive that capacity requirements be determined before 
the ARTS IIA system is fully developed." 

The Facilities Service is responsible for developing ARTS IIA 
specifications and related procureaent activities. The absence of 
formalized Traffic Service requirements has delayed the develop- 
ment of the justification for the $12 million upgrade. Similar 
problems are occurring with the 737 Tillion TPX-42 enhancement 
program. As in the case of ARTS 119, no acquisition paper has been 
developed because the Traffic Service has yet to identify its op- 
erational needs. Consequently, thest? problems may delay the de- 
velopment and iimplementation of conflict alert and minimum safe 
altitude warninq-- features that FA$ Ttates are needed to improve 
safety at low density airports. 
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Testinq ofprotQ%Fz de~W!J~~ - - .------ i3:ue to incompaz33bh1~ -. * with operational ervironment -_. .-l__ _-.. .--d--_-1--. -- 

Currently, maj:>r airports are crluipped with an Automated Ter- 
minal Information Service (ATIS) system which is used to provide 
airport operational data--including :jOme weather data,--to arriving 
and departing pilots. The present systc?m consists of a magnetic 
tape loop on whit?; esntrollers record the ATIS message. The system 
suffers from a nu7lkJer of shortcomings: 

--Poor c<iuipmen+: reliabili-ty, 

--Infrequent data updates, particularly during bad weather. 
(Dilriny ad~ei se weather conditions, when the service is most 
needed by pilL;).ts , controllers are most needed at their work 
stations and cannot leave t+o.-;; to record an ATIS message.) 

Recognizing these shortcomings, the 5ystems Research and Develop- 
ment Service a:;kttLr the Transportation Systems Center (TSC) to de- 
velop a computer -!-generated ATIS system. 1/ - 

This computer-generated ATIS ivras to be solid-state, able to 
acquire airprrrt: v.Is15:ility informatii>n automatically and to output 
a voice messa.gc using stored speech encoding techniques--all with- 
out human intervciltion. At the same time, it must still be able 
to input special. controller message?. Since the system would use 
a standard computer voice throughout the country, misunderstanding 
bY pilots tmuId he iyinimized. Pilot.5 could receive timely trans- 
mission of airport inft>rmation in b;i2 weather without controllers 
leaving their scope::-, 

TSC designed and built a prot.oI.ype, which was installed at the 
Greater Ruffalri International Airport. However, the operational 
test was suspended, TSC project personnel assigned to ATIS stated 
several reas3ns x.rhy the project dkd not gc well: 

--FAA project managers change-ti four times and each manager had 
a cliffercr~t: zor,c:ept abaut &.3t the project goals should be. 

-- The Pir TrafCic: Service wa:: reluctant to use such a system 
because controllers would ijo know what pilots were hearing 
over t:he $4 T 1 r; system. 

--ATIS C!ic3 WC fi.t into the ,:ot~ltrollers' normal method of 
operation. 

1,'TSC is a mu1 kinadd1. research, al'.Li~sis, and development organiza- 
tion loc.3tcx; ii-t the Research and special Programs Administration, 
!Jepartment c-jf ?:ransportation I C -xrL-Iridge, ilass. Through intra- 
agency agreeme!-.tsf FAA has used ':'I;C to perform various projects 
related to air Yr-3ffj.c control, 
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--Coordination of requirements with other Services was lim- 
ited. 

The following example illustrates one situation: If winds 
shift, the controller may not change runway configuration because 
it is a slow and difficult process to turn incoming traffic around 
to another approach. Rather, the controller will keep close-in 
traffic on the same approach unless conditions become dangerous. 
The controllers can do this freely now because pilots do not have 
up-to-date information. With ATIS, however, pilots would be aware 
of wind shifts and could question controller judgments relative to 
runway approaches. 

A TSC official stated that the frequent change in project man- 
agers for the ATIS project was not unique and that whenever a 
project is proposed, requirements given are only those of the spon- 
soring element. Any coordination or identification of user re- 
quirements is the responsibility of the project manager. We be- 
lieve placing this responsibility at such a low level cannot ensure 
agencywide coverage. It appears that the Air Traffic Service was 
not fully aware of the operational impact of the ATIS prototype 
until it was built and installed. 

The Automated Terminal Information Service system is only one 
example of the lack of coordination among FAA organizational ele- 
ments. We did not review all FAA efforts relative to weather in- 
formation, so can make no judgment on whether ATIS could have pro- 
vided a more cost effective service than others FAA is developing. 

Software development problems delay 
safety and fuel efficiency features 

Over the past severai years, a number of major safety and 
fuel efficiency enhancements have been developed for the NAS 
software. We found the following: 

--The en route minimum safe altitude warning (EMSAW), which 
tells the controller when aircraft are approaching a known 
obstruction such as a mountain, is not operational at all 
centers because the software program was inadequately de- 
signed. (Portions of this project are divided between Sys- 
tems Research and Development Service and Air Traffic Serv- 
ice.) 

--The en route metering (ERM) feature for controlling the 
movement of aircraft and promoting fuel conservation can- 
not be used because the software program is too large to 
fit onto the computer. (Developmental work was performed 
by the Systems Research and Development Service and opera- 
tional implementation will be performed by the Air Traffic 
Service.) 

d 

--The terminal conflict alert feature is causing false alerts 
in some locations and must be redesigned. (Systems Research 
and Development Service project) 
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EMSAW does not operate at six en route centers that control 
airspace over mountainous terrain hecausz the software program xas 
inadequately designed. To operate the system at these centers, 
significant software modification will Se needed to incorporate 
the data describing airspace covered by these centers into the 
program. 

The ",RM software has undergone two developmental efforts by 
the Systems Research and Development Service since 1975. The sec- 
ond effort c~as intended to correct problems encountered :gi.th the 
first. The first version did not 3ermit metering the movement of 
aircraft for fuel efficiency between centers; some had features that 
were usable only at the center that developed them. The second 
version, called ERM II, has been completed and is undergoing test- 
ing and review by the Air Traffic Service. According to the YAS 
plan, Secause of the ERM II's ability to improve fuel efficiency 
and because the current en route computers have sufficient capa- 
city, imnlementation is scheduled in 1983. qowever, we found that 
it cannot be installed because it is too large--existing computer 
capacity is not adequate, and new computers are not expected to be 
operational until 1988. This problem is significant because fuel 
efficiency 'benefits are being used to justify some of the large 
cost savings in the NAS plan and could permit important fuel sav- 
ings today. 

Several r>roblems with the terminal conflict alert feature 
were identified shortly after its operational implementation in 
basic ARTS III systems and tiave lzd to a major enhancement effort. 
In particular, as in the case of the Yinncapolis ARTS III facility, 
nuisance alerts were generated during visual flights and when vis- 
ual approaches were conducted on parallel runways. In his May 1, 
1978, letter to the Great Lakes Region, the Minneapolis tower 
chief stated that conflict alert problems caused controller com- 
placency because the program has shouted "wolf" so many times. 
Nuisance alarms were so frequent in the Dallas/Fort Worth ARTS III 
that FAA disabled the two-radar conflict alert function. In other 
words, if two aircraft were being tracked on two separate radars, 
the conflict alert feature would have sounded; now it is inoyera- 
tive. Conflict alert at the Los \ngeles TSACON is similarly in- 
hi%ited. Other reported false alerts in metropolitan areas in- 
clude those generated by traffic patrol planes and helicopters. 
These aircraft operate directly under terminal flight patterns and 
generate continuous alerts. Special codes have been used to in- 
hibit these alerts. 

In July 1981, at the request oE the Air Traffic Service, the 
Systems Research Development Service initiated eEforts to enhance 
the performance of conflict alert for the newer ART'; IIIAs by re- 
ducing nuisance alerts. It also agreed to develop a nethod to de- 
tect and control aircraft identification errors iq dual radar sys- 
terns. These efforts have been delaved because of t'ne problems 
experienced hy the Air Traffic Service in ixplsmentirtq the U?TS 
IIIA software program. 
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RECENT FAA EFFORTS 
IMPROVE MAPJAGEMENT OVERSIGHT 
RUT ADDITIONAL STEPS ARE NEEDED - 

During our review we noted that in August 13132 FAA published 
a new order on major systems acquisition procedures. This order 
establishes many needed project controls and strengthens accounta- 
bility. The order also establishes criteria for identifying which 
systems are major. 

Specifically, an acquisition is reviewed by the Aviation Sys- 
tem Acquisition Review Committee (chaired by the Administrator) for 
possible acceptance as a major acquisition when it (1) exceeds cer- 
tain dollar thresholds 1/ or (2) is so unusually critical, visible, 
or risky as to warrant The special attention required by the FAA 
order. This process also identifies certain major systems acqui- 
sitions and designates them for special attention and reporting to 
the Administrator. Otherwise, project managers report to the cog- 
nizant Associate Administrator. The following table shows the ma- 
jor systems acquisition5 programs as of 
with asterisks have been designated for 
trator). 

Cost 

*AdvancedAutanaticnProgram 

*Mimve Llading sy3tm 

*Male S/Data Link 

*Airport Rrveillance Radar 

Air Fbute Survaillance Radar 

*Flight Service Statiorrr 

*Autc.m~&edWsatherObse~~irsgSystern 

Voice swit&ing -ications 
System 

*Traffic Alert and Collision 
Avoidance System 

Billie) 

$3,400 

1,029 

475 

371 

317 

305 

161 

141 

20 

January 11, 1983 {those 
reporting to the Adminis- 

Visi- 
Priority 

High 

Mediun 

High 

High 

High 

Mediun 

M&ium 

Medium High 

bility 

High 

Xi* 

High 

IDA 

Lcw 

Mediun 

Mium 

Lcw 

Risk 

?bsslm 

Ii74 

LCFA 

Lc?d 

ILW 

MediLlm 

IAX 

Tim 

Mef-iium 

Note: Asterisks identify system designated fcr reporting to the A&inistra- 
tar. Cbsts are kasedcm theJan. %S plan (1931cbllars) and 
planned sumrt fez fiscal 1983 - 1991. 

l/Department of Transportation Order 4200.14A specifies $150 mil- - 
lion total estimated cost or $25 million in research and devel- 
opment cost. 
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We believe the systems and software development projects we 
reviewed and have previously discussed constitute significant budget 
investments, are critical in nature, and carry significant risk. 
For example, the hardware costs for upgrading the TPX-42 computers 
are estimated to be $37 million and, as we discussed, there are 
problems in defining the needed computer capacity requirements. 

LJe believe the management procedures established for major 
systems acquisition could, under the direction and leadership of 
a central management function, improve the management and control 
of the projects we reviewed. 

Management practices may hinder new projects -_ 

Successful day-to-day operation of modern automation resources 
requires management attention and oversight. This includes adequate 
system and software development and testing, well defined require- 
ments, standard software with good control over changes, uniform 
procedures for resolving problems, accounting for operations and 
maintenance costs, and postevaluation of enhancements. We are 
concerned that past system and software management practices nay 
hinder FAA's successful implementation and operation of new proj- 
ects such as the $3.4 billion computer modernization program. This 
concern is based on our review of how the various services carry 
out these required tasks. bJe found that: 

-- .FAA does not have an overall system and software testing 
philosophy and plan. Separate organizations for Air Traf- 
fic Servicer Airway Facilities Service, and Systems Re- 
search and Development Service located at the Technical 
Center in Atlantic City perform separate tests, with each 
developing and using its own test procedures. Test results 
are not coordinated with those of other programs to deter- 
mine the impact of one on the other. This is troublesome 
because, while some systems and software operate well in- 
dependently, problems may arise when they become part of 
the whole system or affect changes being made by one of the 
other Services. Because of equipment limitations in each 
of the test laboratories and the inability to simulate all 
local center and terminal conditions, the Services perform 
final testing of each new software version in the field. 
For en route systems, this means testing at three en route 
centers because there are three different equipment config- 
urations. System and software testing for terminal areas 
is also dispersed because of the various ARTS III and IIIA 
equipment variations. Software developed by contract is 
often tested using vendor-supplied conditions instead of 
those developed by FAA and derived from user requirements. 
Consequently, the software meets the vendor's test but not 
necessarily the user's needs. 

--Contractually developed sof'tware has been accepted despite 
known operational shortcomjngs. Although vendors provide 
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software that meets contractual requirements, evolving op- 
erational needs and ill-defined requirements cause exten- 
sive and time-consuming retrofitting. The Air Traffic 
Service redevalopment of UN<VA C-provided software to add 
conflict alert features to th? ARTS IIiA computers and at 
the New YorX TSACON illustrates this problem, 

--System and software configuration has not Seen adequately 
controlled. Control and approval of chanqes to the N&S 
software should maintain standardization at all centers 
and facilities. Yowever, some centers have exceeded the 
total number of local software changes allowed and their 
system is not standard. This results in a cascading effect, 
causing centers and terminals to make multiple changes when 
a new version of the software is released to the field. We 
believe such practices increasn the risk that the new com- 
puters may not be able to replicate the 9020s they will 
replace. If past practices are continued, it is possible 
that the software version used in 1983-34 as the basis for 
testing and selecting the new computers could change sig- 
nificantly before the computers are finally installed in 
1985-87. Consequently, it may be that the ner*r computers 
will be unable to process the changed software without 
modification. rrJe believe that, with due consiederation for 
safety, FAA needs to strengthen configuration management 
controls. 

--Planning and scheduling of major software modifications have 
been hindered by FAA's "fire-fighting" method of correcting 
field problems individually as they occur. This practice 
also causes duplicative effort as different centers unknow- 
ingly try to resolve the same problem. Problems should be 
elevated to a national level for determination and solution. 
Then comrnon problems can be identified and solved more ef- 
ficiently. 

--FAA does not monitor total costs associated with a given 
system development or software maintenance project. We 
believe productivity, quality, and performance data should 
be tracked and a postevaluation of cost/benefits made to 
ass,ess if objectives and goals are met. 

COMPUTER PERFORMANCE nq4NAGFMENT FUNCTION 
NEEDED TO H9LP MANAGS, ACQUIRE, I__-._ -- 
AND USE COMPUTER RESOURCgS -________l_ 

Although FAA's air traffic control system relies heavily on 
computers, it does not have a computer performance i-nanaqcme?t func- 
tion with ttie responsibility for measuring and determining the 
efficiency and performance of its computers. Such a ,nanaqement 
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function was recommended in House Report 98-1400. FAA's planned 
installation of replacement computers does not preclude the neces- 
sity for such a function. 

Computer performance monitoring is essential 

As part of its efforts to revitalize management, FAA needs to 
implement a computer performance management function that is re- 
sponsible for measuring the efficiency and effectiveness of com- 
puter operations at all en route centers and terminal facilities. 
Such an organization would enable FAA to 

--collect, analyze, and report system data for identifying 
nationwide performance trends; 

--identify potential problem areas, system limitations, and 
software inefficiencies; 

--make system life projections of reliability and capacity 
based on validated user needs; 

--develop cost data on operations and maintenance to deter- 
mine cost effectiveness of the system; and 

--provide top management with timely information comparing 
actual performance with planned objectives. 

In its response to House Report 98-1400, which recommended 
that improvements be made in en route computer operations, FAA 
stated that it was establishing (1) a joint Air Traffic Service 
and Airway Facilities Service Performance Improvement Program, and i 
(2) a system evaluation staff at some time in the future. 

In line with these actions, biweekly meetings are being held 
between the Air Traffic and Airway Facilities Services at many of 
the sites we visited. However, the issues of computer capacity, 
reliability, and performance are still inadequately addressed for 
reasons discussed below. And no national oversight of computer 
performance problems is being maintained to determine overall 
trends. 

In the absence of a formally designated entity, the analysis 
of computer utilization at en route centers is performed by the 
three separate Services. The Air Traffic Service is collecting 
data to determine peak computer use at all centers, while similar 
analysis is being conducted by the Airway Facilities Service on 
the en route display computers. The Systems Research and Devel- 
opment Service provides the basic analysis used by FAA in deter- 
mining en route center computer use. 6Te believe these individual 
efforts should be integrated to provide the total systems per- 
spective required. 
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As we discuss in the following sections, FAA does not know 
the capacities of the various en route and terminal computer sys- 
tems and is unable to adequately predict system behavior or iden- 
tify potential bottlenecks because there is no computer performance 
measurement function. The computer modernization program is an 
additional reason for the establishment of such a function. Any 
delays in installing replacement equipment will require current 
systems to operate longer than anticipated and could result in de- 
creased services due to capacity shortages. It is possible that 
even the new computers could eventually experience capacity prob- 
lems if comprehensive management controls are not instituted. 

En route computer system reliability 
is undetermined 

We reviewed the information available at FAA headquarters, the 
en route centers, and the Technical Center on equipment reliability. 
He learned FAA did not analyze information on a national level to 
assess computer reliability and to make trend analyses. This is 
because FAA has been unable to develop and implement a computerized 
system capable of recording and reporting all maintenance actions, 
which could be used for such predictions. Previous attempts to 
implement such a system failed because i>f poor planning, high cost, 
and limited access by the users to the data base. The Airway Fa- 
cilities Service is currently attempting to develop such a report- 
ing system using in-house hardware, software, and personnel. 

In our discussions with officials at the en route centers, 
we found that they think the computers are yeliable, They believe 
that reliability has improved significantly over the last few 
years. flowever, we found little documentation to support their 
belief. At the Technical Center we found that hardware reliability 
analysis, a responsibility of the Airway Facilities Service, was 
directed toward solving immediate failures, and little effort was 
being made to determine trends and assess long term reliability. 

Consequently, we constructed a data base to determine the 
reliability of the en route computers. From FAA-provided com- 
puter tapes, which contained approximately 1.2 million records, 
we identified about 14,OnO recorded computer and associated 
equipment failures. The period covered was 1973 through 1381. 
At the centers and terminals we COJnpdred selected records with 
official maintenance log entries. C)Llr analysis and review showed 
the following: 

--FAA criteria for determining a reportable outage is not 
uniformly applied at all centers and many outages go 
unrecorded. 

--Equipment outages recorded in the maintenance log by the 
maintenance technician are not always reported for inclu- 
sion on the computer tapes. 
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--We found that because the Seattle center erroneously used 
nondescriptive codes to record outages in the maintenance 
log I no computer equipment outages were reported for the 
entire 3-year period. 1/ - 

These problems prevented us from establishing any conclusive j 
opinion on computer reliability. Using another approach, we at- I 
tempted to analyze maintenance cost to determine computer relia- 
bility. A trend in rising hardware maintenance costs could indi- 
cate decreasing reliability. We found that actual hardware nain- 
tenance costs for the en route computer system are not available. t 

bJe Ibelieve this is one reason why two FAA responses to congres- 
sional inquiries on this subject produced inconsistent estimates. 2/ E 

A December 1380 contractor study, completed at a cost of more f 
than $50,000, is the only formal documentation on en route computer 
system reliability. The contractor reached the following conclu- 
sions: 

5 
--The limited description codes used to describe maintenance 

actions were inadequate for the wide range of system prob- 
lems. 

--Although certain components and subsystems have shown 
signs of deterioration with age, there appears to be no 
evidence to indicate that system reliability of the 9020 
is deteriorating or that it will be maintainable only at 
an excessively high cost. 

These conclusions were based on interviews with center per- 
sonnel because the contractor believed the maintenance records 
offered an inadequate description of system problems. 

, 

In discussing symptoms of reduced reliability in the study, 
the contractor stated: 

"While reduced availability, reduced reliability, lower 
productivity, and increases in maintenance time and costs 
may indeed be symptoms of 3020 system aging, these signs" 

l/FAA has acknowledged this particular problem and claims to have - 
taken corrective action. 

Z/FAA's response to a March 23, 1382, - inquiry by Congressman Elliott ' 
Levitas on the annual cost to mai.ntain the software and hardware 
of the current air traffic control system was $119.5 million. 
In response to the same question, while appearing before the House 1 

Committee on Appropriations on April 21, 1982, the Director of 1 
the Airways Facilities Service stated that fiscal 1382 costs were 
$140.6 million. 

1 
I 
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"are not the exclusive results of a hardware aging process. 
Poor maintenance, a deterioration in the quality of the 
environment, Low-quality parts, and even badly written 
software could all produce symptoms that, if care were 
not taken, could he incorrectly interpreted 3s signs of 
hardware aging." 

Regarding the use of parts analysis as a determinant of physical 
life, the contractor said: 

"If parts tracking, with potenti,> aging in mind, is 
desired, now is the time to start the planning and im- 
plementation processes. FJhile such a tracking system 
may not affect the lifetime of the 9020 system, it 
should carry over to the replacement system.” 

We learned that the greatest concern expressed by center 
personel was not reliability or spare parts but the availability 
of trained maintenance technicians through the 1980s. For ex- 
ample, at the Houston and Boston centers, officials predict that 
approximately 50 percent of current maintenance staff will be 
lost to retirement by 1986 and 1990, respectively. Compounding 
this problem is the apparent decline in hiring and training of 
new technicians and FAA's projected reduction in maintenance 
staffing levels. 

En route computer capacity 

FAA has concluded that several en route centers will have 
computer capacity problems in the mid-to-late 1980s. This con- 
clusion is based on FAA's assessment of central processor util- 
ization of the computers at these centers. We believe other 
factors will affect computer capacity besides central processor 
utilization. These include the computer's data channels, the 
main memory, and the input/output devices such as controller key- 
boards, printers, and mass storage devices. Consequently, we 
believe FAA may experience computer capacity problems sooner than 
it expects because some centers with the 9020D computers are al- 
ready at or near unacceptable channel utilization levels. 

To project future computer capacity requirements for system 
life and to identify limiting resources, FAA correlated central 
processor use of the 902t)A and 9020D computers with aircraft traf- 
fic at each of the centers. The central processor was identified 
as the most critical factor affecting capacity at centers with the 
smaller 9020A computer. Analysis showed that the 3020As would run 
out of computer capacity in the late 1980s. The 902OD was not con- 
sidered to have near-term capacity limitations. 

We believe these conclusions are not indicative of the over- 
all system capacity requirement and system life because FAA did 
not consider the effects that computer channel utilization has on 
the larger 902r)D computer. 
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The most critical limiting resource in any computer system 
is that computer resource which reaches its maximum utilization 
level first. For the 9020A computer, that resource is the cen- 
tral processor. On the other hand, channel utilization has been 
shown to be the most critical factor affecting capacity at the 
centers with the 9020D computer. 

FAA has determined that significant response time delays (a 
critical factor in air traffic control) occur when central proc- 
essor utilization exceeds 80 percent, or when channel utilization 
exceeds 45 percent. FAA has determined that response times become 
unacceptably long when channel use approaches 60 percent. 

Since FAA's weekly system utilization reports did not include 
channel activity, we constructed the following table. On the 
902OD, FAA has found the percentage of channel use to be approxi- 
mately the same as central processor use. Therefore, although the 
table was constructed using central processor utilization, the 
figures also represent approximate channel utilization. 

The table shows the number of weeks in fiscal 1982 during 
which central processor utilization of the larger 9020D computer 
exceeded certain levels at least once during the week (meaning 
that channel usage was also at about the same high level). 

En route 
center 

Atlanta 52 48 -- 
Chicago 26 8 4 
Cleveland 41 41 7 
Ft. Worth 47 45 10 
Indianapolis 24 5 1 
Jacksonville 38 19 2 
Kansas City 44 14 -- 
Los Angeles 33 11 -- 
New York 52 9 -- 
Washington, D.C. 46 41 1 

Plumber of weeks 
45% or -60% or 

Reported more more 

From this table we conclude that all centers may have ex- 
perienced delayed response times because the channels were at or 
above the 45-percent level. Channel utilization was higher most 
frequently at the Atlanta, Cleveland, Fort Worth, and Washington, 
D.C. centers. These centers reported at least one instance of 
reaching or exceeding the 45-percent level for almost every week 
of the period covered. Also, six centers experienced at least one 
instance of channel saturation during the reporting period. The 
Fort Worth center had the largest number of occurrences of higher 
channel utilization and reached the 6O-percent level at least 10 
times. 

FAA has developed procedures to free up computer capacity 
under these and other capacity limiting conditions. These include 
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sequentially removing or reducing nonessential functions and/or 
restricting or eliminating the use of certain air traffic con- 
troller computer aids and functions. 6Je believe these actions 
do not address the real problem. In our view, at best they are 
only a temporary solution to FAA's computer capacity problems. 

CONCLUSIONS 

FAA's recent initiatives have increased the degree of con- 
trol and oversight over some of its current major projects. How- 
ever, FAA's organizational structure and management approach do 
not provide for central planning, control, and direction af all 
air traffic control automation resources. ITe believe 3 more cen- 
tralized approach would provide the increased oversight and con- 
trol needed given the magnitude and complexity of the problems 
experienced. A central management function with oversight snd 
control of offices responsible for managing individual programs 
could provide the guidance needed to ensure overall integration 
and direction of FAA's many system and software development proj- 
ects. While not a cure-all, we believe a central management func- 
tion could heighten project visibility znd accountability, and 
reduce delay and cost overruns. 

FAA needs to more closely monitor the performance of its auto- 
mated systems and should, as recommended by the Congress, estab- 
lish a computer performance management function to do this. Such 
a function could better ensure that the existing system usage 
does not exceed acceptable capacity levels and that computer reli- 
ability does not fall below acceptable levels. Also, FAA's 
planned replacement computers, which are more technicallv complex, 
would have the benefit of this function because reliability and 
capacity would be monitored; operations and maintenance costs 
collected and analyzed; potential problems, systems limitations 
and software inefficiencies identified; and actual performance 
could be compared with planned objectives for top management an- 
alysis and decisions. 

RECOMMENDATIONS 

We recommend that the Secretary of Transportation direct 
the FAA Administrator to: 

--Strengthen the management of automation resources by estab- 
lishing a central management function which would have the 
authority, responsibility, and accountability required to 
alleviate problems identified, and would satisfy the in- 
creased management demands of the major upgrade. 
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COMPUTER CAPACITY AND SOFTWARE PROBLEMS - 

DELAY NEEDED NEW YORK TRACON IMPROVEMENTS 

The Hew York Terminal Radar Approach Control system has prob- 
lems that carry over into FAA's plans for implementing the enhanced 
ARTS. The TRACON computer provides service to only four of the 
five airports it was planned to serve. This has delayed the safety 
and efficiency improvements that were to be derived from integrated 
control of air traffic in the New York metropolitan area. 

Because of unsuccessful in-house and contractor software de- 
velopment, the TRACOEJ still does not have an operational conflict 
alert feature that will automatically alert controllers when two 
or more aircraft are on a collision course. Furthermore, the 
TRACON computer lacks expansion capability. We believe this will 
restrict its ability to handle the increased traffic expected in 
future years and may result in additional procurements or efforts 
to optimize software. These problems could have been avoided by 
better planning, management oversight, and more clearly defined 
requirements. 

BACKGROUND OF THE NEW YORK TRACON _. 

The New York Common Instrument Flight Rule Room (Common IFR), 
commissioned in September 1968, was an interim solution to serious 
terminal control problems in the Mew York metropolitan area. In 
1976, FAA contracted with the Univac Corporation for an ARTS IIIA 
based system to replace New York's interim Common IFR. FAA also 
decided to move air traffic control operations from Kennedy airport 
to new facilities in Westbury, New York. Construction was completed 
in 1978 and computer equipment was installed in 1979. Initial fa- 
cility, automation equipment, and communications costs were about 
$25 million. Total costs through 1982 are about $28 million. FAA 
planned to configure the ARTS IIIA to accept four radar inputs and 
control air traffic at 3 major and 2 medium airports and 25 smaller 
ones, but the system was commissioned in January 1981 as only a 
two-radar, three-airport TRACON. Although the software used at 
the New York TRACON is unique to that facility, much of the design 
logic is similar to that at other ARTS IIIA sites. 

The following table identifies the category and location of 
the airports included in the original concept. 

Category 

Major airports 

Location 

John F. Kennedy 
La Guardia 
Flewark 

Medium airports Westchester 
MacArthur-Islip 

Smaller airports 25 satellite airports 
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Original plans included a switching capability which would enable 
each controller to display data from a second radar in the event 
of a radar failure. Also, the system was to be moduiarly expand- 
able to accommodate future automation and air traffic growth. As 
discussed below, these plans were not achieved. 

SHORTAGE CF COMPUTER CAPACITY DELAYS -- 
5,ENEFITS OF INTEGRATED AIR TRAFFIC COMTROL ---- 

We found that FAA did not adequately define system require- 
ments or the computer capacity needed to operate a five-airport 
system. Also, FAA proceeded with implementation of the TRACOP1 even 
though a study showed that addition of other functions such as con- 
flict alert would cause the computer to exceed its capacity by 
1982--l year after becoming operational. As a result, the full 
benefits of improved safety and efficiency to be derived through 
integrated control of air traffic in the New York metropolitan area 
are not being realized. The TRACOr?'s inability to serve all air- 
ports necessitated the interim installation of a less capable ARTS 
II computer at the Westchester airport. 

Computer capacity may cause future problems 

As early as July 1978, 2 years before commissioning, FAA was 
aware that capacity problems would limit future software expan- 
sion, the development of conflict alert, and the tracking of all 
aircraft. Also, that new computer hardware would he needed when 
all radars became operational. We found no evidence that FAA 
evaluated ways to solve this problem before the system was in- 
stalled. 

Between 1979 and 1982, Univac provided seven reports detailing 
various proposals to increase capacity. Univac told FAA that there 
was a capacity problem and that ways should be developed to resolve 
it. Also, Univac suggested 17 capacity expansion alternatives. 
FAA told us that Univac's proposals to increase memory capacity 
were unacceptable because they required internal changes to the 
system. 

The Airway Facilities Service also developed an alternative 
which could be done in-house. This would have doubled capacity 
at an estimated cost of $580,000. Officials from the Air Traffic 
Service said they did not implement this proposal because it in- 
volved significant software changes. 

Clo assessment or cost effectiveness study was done on either 
the Univac or in-house alternatives. FAA later approved a Univac- 
proposed hardware modification for one additional module of memory 
at a cost of $600,000. 

The possibility of computer capacity problems was also raised 
in a June 1980 report prepared by another contractor. This study 
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disclosed that if the processing capacity limitation was not over- 
come, it would constrain growth at metropolitan air traffic facili- 
ties such as those at New York and Chicago. Specific findings were: 

--Processing capacity for the New York TRACON appears to 
only marginally meet air traffic demands expected in 1984 
and later. 

--Computer memory saturation is expected in 1982 at the New 
York TRACON with the implementation of conflict alert. 

--Large increases in processor and memory are required for 
adding new functions such as conflict alert. 

We could find no evidence that FAA addressed the problems outlined 
in the contractor's report. 

Interim ARTS II system installed 
at Westchester County Airport 

We found that FAA installed an ARTS II system at Westchester 
County Airport on an interim basis because of the TRACON's inabil- 
ity to serve this airport as planned. 

The system, installed in August 1981 at an estimated cost of 
$300,000, provides aircraft identification and altitude data in 
much the same manner as the ARTS IIIA. However, it does not have 
the capability to warn controllers of aircraft flying below estab- 
lished safe altitudes and cannot predict an aircraft's flight path. 

We believe use of the ARTS II indefinitely delays full imple- 
mentation of an integrated control system in the New York metro- 
politan area. The efficiency and effectiveness benefits of an 
integrated TRACON will not be fully realized until the five-airport 
system is fully operational. FAA has no definite date for a four- 
radar and five-airport TRACON capability. 

HARDWARE AND SOFTWARE MAY LIMIT 
TRACON'S ABILITY TO HANDLE 
EXPECTED GROWTH IN AIR TRAFFIC 

We found that although the purchased four-radar, five-airport 
system and the software met design specifications and were tested, 
they were not used. Instead, beca;lse of memory size limitations, 
FAA retrofitted the original software by reducing its scope so that 
a new function called conflict alert could be added when it was 
developed. In addition, inadequate hardware design specifications 
resulted in a nonexpandable system that was known to have insuf- 
ficient capacity. r 
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Software met design specifications 
but was not used --__-- 

As part of the original 1976 contr.sct, FAA procured a four- 
radar, five-airport software program from Univac for use at the 
TRACON at a cost of $429,704. This software was tested and ac- 
cepted by FAA in November 1979. It was not used because air 
traffic requirements were upgraded between 1976 and 1979 and the 
system did not have conflict alert. 

In 1980, another contractor and FAA Technical Center person- 
nel began work to add conflict alert. .%fter expenditures of over 
$580,000, the contractor-developed software could not be used. 
Only recently, after extensive redevelopment by Technical Center 
personnel of the Air Traffic Service, was conflict alert added to 
the TRACON software. As of November 1982, it is still being tested 
and the date it will become operationally usable to the air traf- 
fit controllers is uncertain. 

Design specifications limit TRACON functions 

We found that FAA's design specifications did not adequately 
define expansion capability and the amount of reserve capacity to 
be provided. Insufficient capacity has kept the TRRCON from oper- 
ating as planned: it has also caused numerous software changes, 
with more continuing to be made- FAA's design specifications for 
computer expansion and capacity for growth could not be measured 
because they stated no criteria. They simply said the ARTS IIIA 
system was to provide the capability for further 

--modular expansion of hardware and software, and 

--functional growth with increased capacity. 

Univac claimed the primary advantage of the ARTS IIIA system 
was its modular design. This feature allowed for expansion at 
minimal cost by adding memory modules to t-he existing system. 

The ARTS IIIA system procured for the TRACON contained the 
maximum configuration of 15 memory modules for processing plus 
a sixteenth for the Reconfiguration Fault Detection Unit. Univac 
delivered the system, as specified, but because FAA did not ade- 
quately define system requirements, the system has limited ex- 
pansion and capacity. Univac satisfied: 

--The excess capacity specification because only 227,000 
of the 229,000 words of memory were used by the four- 
sensor software proqram-- 2,000 words of excess capacity. 

--The hardware and software expansion specification because 
no definition of such expansion was provided. The amount 
of unused memory in the system Univac supplied allowed the 
hookup of an additional printer or display, but not the 
addition of another processor memory module. 
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Consequently, the TRACON has no modular capacity growth.- We 
believe that the inability to expand the computer capacity of the 
ARTS IIIA will severely limit the TRACON's ability to handle the 
FAA-projected growth in air traffic. Regional and TRACON offi- 
cials believe that the solution probably is to replace the ARTS 
IIIA, place additional ARTS IIs at. the larqer airports, limit air 
traffic, or eliminate planned enhancements such as Metering and 
Spacing, Mode S, and Terminal Information Processing System. 

Software approaches computer capacity limits - 
of ARTS IIIA 

To incorporate the conflict alert feature, FAA has redesigned 
its three-radar, four-airport software program. We found that 
this effort incorporates the conflict alert capability, but the 
program consumes almost all available memory in the ARTS IIIA 
computer. Our review of the FAA'S efforts to develop this soft- 
ware program disclosed that the design and modification were done 
without knowledge of memory requirements or of whether the result- 
ing software would fit into available memory. 

Specific program size was unknown 
during the design 

To ensure efficient use of computer resources, an FAA order 
requires that a costing and sizinq study be prepared for system 
updates and program inprovements, showing 

--the amount of increase or decrease in computer memory; 

--design, programming, testing, and documentation costs: and 

--the interface impact between the ARTS and en route centers. 

We found that no formal study had been prepared for this latest 
software program redesign and redevelopment effort. 

Because of the uncertainty about whether the software would 
fit on the TRACON's computer, plans were drawn up for how FAA 
could "buy back" computer capacity. FAA considered increasing 
the capacity of the system by requiring the "tracking of radar- 
only targets" l/ to be initiated manually by the controller rather 
than automatically by the computer. Another possibility was to 

l/Tracking is an automated process by which the computer predicts - 
the position of aircraft through intermittent radar or beacon 
returns. The tracking capability allows the association of al- 
phanumeric datatags and presents a smoother, more realistic dis- 
play of aircraft path and positions. 
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cbnfigure the Reconfiguration and Fault Detection Unit so that 
more computer memory could be accessed by the computer for proc- 
essing. This would limit the function of the unit. 

97e found that even after redesign and testing at the Atlantic 
City Technical Center, FAA did not know if the software would fit 
the TRACON ARTS IIIA. Not until the software was implemented at 
the TRACON did FAA learn the true capacity of this version. It 
uses 14 of the 15 available memory modules. 

We asked FAA officials why the additional capability did not 
require more memory than the version it replaced. bJe were told 
that the conflict alert feature was not as large as expected (ex- 
act size to be determined) and that program redesign eliminated 
inefficiencies in memory usage. Since actual memory requirements 
were not known during software development, we conclude that FAA 
was fortunate to have it fit within the system's memory constraints. 
We believe this trial and error approach has no place in the de- 
velopment of software as critical as that for the Nation's air 
traffic control system. 

CONCLUSIONS 

FAA has not been able to achieve the full benefits of im- 
proved safety and efficiency that were to be derived from the 
integrated control of air traffic in the New York metropolitan 
area. Because costly in-house and contractor software develop- 
ment efforts failed to produce a fully usable software package 
to meet current requirements, the TRACON does not have an opera- 
tional conflict alert capability. The computer's inadequate ex- 
pansion capability will severely limit the TRACON's ability to 
handle the projected growth in air traffic and may result in ad- 
ditional procurements. We believe that better defined require- 
ments and increased project oversight by FAA could have prevented 
many of the TRACON's current deficiencies. As discussed in appen- 
dix IV we believe a central management function to coordinate and 
manage all facets of air traffic control automation would have 
minimized the impact of this problem. 
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CONCERNS ABOUT PLANNING, MANAGEMENT, AND COORDINATION I. 

OF SELECTED COMMUNICATIONS PROJECTS 

The projects we reviewed were the Mode S Data Link System, the 
Traffic Alert and Collision Avoidance System, the Microwave 
Landing System, and the Flight Service Station Automation Proj- 
ect. We found that technical problems associated with Mode S 
Data Link, Traffic Alert and Collision Avoidance, and Microwave 
Landing Systems call for further testing to make sure performance 
requirements are satisfied. Also, implementation of Mode S is 
not timed with new air traffic control projects: this could limit 
planned improvements. We found the degree of user acceptance for 
these systems uncertain. Poor user acceptance could result in 
reduced system benefits. Furthermore, in recalculating the cost/ 
benefits of the Flight Service Station Automation Project, we 
found it offers no cost advantage to the Government in comparison 
to existing systems. 

FAA NEEDS TO RESOLVE MODE S PROBLEMS ___--- - 

FAA needs to resolve a number of Mode S problems to ensure 
effective and efficient implementation of air-ground digital com- 
munications. Prototype testing disclosed problems with supporting 
equipment that prevented achievement of performance requirements. 
Mode S acceptance by users and the international standards organ- 
ization is questionable but is needed to maximize the benefits 
from FAA expenditures. In addition, users will receive limited 
benefits under the current implementation plan for an undetermined 
period of time. 

c 

Mode S is the advanced air traffic control air-ground digital 
communication system scheduled to replace the current Radar Beacon 
System starting in 1987. Formerly called Discrete Address Beacon 
Sys tern, Mode S is the internationally accepted name for this 
secondary surveillance system with data link capabilities. With 
Mode S, FAA intends to improve surveillance performance, accuracy, # 
and reliability. According to FAA's December 1981 "National 
Airspace System Plan," Mode S equipment will provide more accurate 
aircraft surveillance information, a computer-to-cockpit message 
capability for weather, air traffic control clearances, and 
other air traffic control information via the Mode S data link. 
The plan also states that in 1990, Mode S data link will be 
provided above 12,500 feet and Mode S transponders will be required 

I g 
for aircraft operating above th.is altitude. Below this altitude, 
Mode S wil.l be optional avionic equipment. 2 

The FAA has already spent $64.5 million though fiscal 1982 
on Mode S development and plans an additional $54 million in fis- 
cal 1983 through 1991 for further Mode S research and development. 

FAA plans to begin procurement of 137 Mode S sensors in 
fiscal 1983 and to complete installation by 1990. The sensors 
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alfe expected to provide complete coverage at 12,500 feet and above 
for en route areas and for approaching the surface of qualifying 
airports. However, about 72 percent of the general aviation fleet 
cannot fly above 12,500 feet. These planes would receive only 
partial coverage and intermittent ?Jode S services until an addi- 
tional 60 sensor3 are procured to bring complete coverage down to 
6,000 feet. FAA plans to have coverage down to 6,000 feet by the 
year 2000. It is requesting $231.8 million for fiscal 1983 through 
1985 for @lode S production and installation. l/ - 

FAA anticipates that Node S transponders will be in wide- 
spread use by 1990. We estimate it wiil cost civil (commercial 
and general) aviation users $2.9 billion to equip with Mode S 
transponders over a 21)-year period based on loo-percent adoption. 
We used FAA estimates that Yode S transponders will cost '$36,000 
and $3,000 (1982 dollars) for commercial and general aviation 
aircraft, respectively. 

Performance problems disclosed 
during testiny 

The prototype Mode S sensor was unable to satisfy a basic 
performance requirement far future traffic projections during 
testing because it failed to interrogate 400 aircraft in a given 
area and to transmit and receive longer messages from 50 of them. 
The contractor responsible for the prototype has not been able 
to correct this problem and attributes it to inadequate computer 
processing capability. The contractor stated that in order to 
meet the 400-aircraft requirement, it would have to start from 
scratch and design a new software package as well as build ,I new 
hardware processor. Although FAA is reexamining its requirements 
for sensor capacities, it plans to issue a Request for Proposals 
for 250-, 400-, and 703-capacity sensors. These capacity levels 
correspond to current F4A projections of various airspace den- 
sities through 1495. For example, in high density airspaces 
such as Chicago and Los Angeles, F9A anticipates the need for 
two 400-capacity sensors at each location. Each sensor would 
assume the total workload for short periods in the event of a 
sensor failure. Despite not having a successful Mode S proto- 
twe r project officials claim that production can be started 
because current hardware technology and new software can satisfy 
performance requirements. We believe there is a need for fur- 
ther prototyping, including testing, prior to procurement to 
demonstrate Yode T ability to satisfy established requirements. 

&/This is not the total cost of Vode S implementation. 9ddi tional 
funds will Se needed in later years for production and installa- 
tion. 

49 



APPENDIX VI APPENDIX VI 

Mode S acceptability is questionable I_-~ 

Iclode S acceptability by domestic users and the international 
standards organization, which is important to FAA in supporting 3 
gateway facilities, is questionable, The YAS plan ,makcs Mode S 
transponders mandatory on all aircraft operating over 12,500 feet, i 
starting in 1990. Department of Defense representatives told us 
this date will not allow Defense sufficient time to efficiently 
and economically equip its aircraft with Mode 3 transponders. 
Also, this requirement will force users to procure Mode F; trans- 
ponders when only limited data link services are available. The 
International Civil Aviation 3rganization (ICAO) has not yet 
approved Mode S as designed. 

Defense officials have expressed concern over FAA's early 
requirement for Mode S transponders. Many military aircraft will 1 
not receive new advanced IFF (Identify Friend or Foe) avionic 
boxes incorporating Mode S transponders before 1990. Therefore, ) 

getting Mode S into these aircraft at a reasonable cost is an 
important concern. Defense is interested in a gradual phasein 
of Hode S to allow a cost effective replacement of current IFF I 
avionics. 

The major benefit of Yode S to the aviation community is the 
data link and the services it can provide, such as allowing pilots j 

to change flight plans and update weather information while air- 
borne. FAA has established a working group to identify services 
for Mode S use and assess their potential benefits. Only two data : 
1 ink packages, offering few defined services, are under considera- I 
tion. Unless a significant percentage of general aviation aircraft ! 
which account for 90 percent of air traffic, are equipped with 
>lode S transponders, FAA will not realize the full benefits of 
Pllode S: improved secondary surveillance performance and transmis- E 
sion of air traffic control and weather data independent of con- 
trollers. FAA's ability to get general aviation to equip planes 
with ?Iode S may be the factor that determines tihether FAA can 
successfully change from the Radar Beacon System to Yode S. If 
general aviation accepts Mode S in large numbers, FAA will be able 
to reduce its need for air traffic controllers. 1 

Node S is undergoing study by the International Civil Avi- 
ation Organization. This is an international organization of 
149 member countries which establishes international standards 
for flight procedures and aviation equipment specifications. 
The member countries span the political and economic spectrum; 
they include Argentina, Peoples Republic of Cclina, Czechoslovak 
Socialist Republic, Iran, Traq, Yaudi slrabia, and the !Jnion of 
Soviet Socialist Republics. Each member country must comply with 
international standards at its #gateway facilities. 

FAA plans to implement Mode S before its international use is 1 
approved by ICAO. 9pproval of Yodc T as an international standard 
may take from 2 to 5 years, but F9A will begin committing funds 1 
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for Mode S production and installatio2 in fiscal 1383. FAA be- 
lieves ICAO will approve its Mode S sLgna1 format for interna- 
tional use because most industrialize<1 countries have accepted the 
U.S. specifications. In our opinion, "AA is taking a risk in pro- 
ducing Mode S equipment before the ilo:je S signal format has gained 
international approval. If another signal format is approved by 
ICAO, substantial modifications could be necessary to Mode S ground 
systems and avionics. This could cost FAA and users millions of 
dollars. 

Reduced benefits 
under current implementation plan 

Mode S benefits will be reduced :-luring an undetermined in- 
terim period beginning in 1985 while it functions with the current 
automated radar terminal systems--ARTS. FAA plans to study the 
upgrading of the existing ARTS and ultimately replace them under 
the "Sector Suite and Software Redesign Project" (see p. 17) to 
effectively utilize the full data Iink capability of Mode S. 

The current ARTS were not designed to function with Mode S. 
To overcome this, Mode S messages sent from the sensors will be 
converted to look like the messages received from the current bea- 
con systems. The increased positional accuracy of the Mode S in- 
formation will be lost after this conversion, as will the computer- 
to-cockpit capability. FAA plans to award a contract to study the 
feasibility of upgrading ARTS to interface with Mode S, thereby 
taking earlier advantage of the more accurate surveillance data 
and data link capability. If the upgrades are cost effective, the 
contractor selected will design and develop this software interface 
by 1387. However, if the ARTS upgrades are not determined to be 
cost effective, FAA will not fully Iutilize procured Mode S equip- 
ment until the new sector suites become operational. The sector 
suites are scheduled for delivery from 1988 to 1991. If delivery 
is delayed, reduced FAA and user benefits will be extended even 
longer. This could contribute to lower user acceptance, which is 
discussed in a preceding section. 

TCAS SAFETY, ACCEPTANCE, AND BENEFITS -.-- 
SHOULD BE CONFIRMED 

FAA should demonstrate that the Traffic Alert and Collision 
Avoidance System (TCAS) can function effectively and should assess 
the degree of acceptance of this system by users. In addition, 
the possible benefits and expected user costs of TCAS should be 
determined with better precision. 

FAA has made several earlier attempts and spent millions of 
dollars to develop collision avoidance systems. More recently, 
FAA was developing a ground based collision avoidance system 
called Automatic Traffic Advisory and Resolution Service--for 
high aircraft density airspace --and an aircraft based Beacon 
Collision Avoidance System--for me?iii:. and low aircraft density 

r 
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airspace. On June 23, 1981, the FAA Adminiatrator announced his 
decision to proceed with TCAS. 

TCAS is aircraft based and warna pilots of impending col- 
lision. Intended to back up the air traffic control system, its 
operation is completely independent. It handles high, medium, 
and low density airspace. TCAS helps to resolve some earlier 
problems, including the excessive FAA implementation cost of 
the Automatic Traffic Advisory and Resolution Service system. 

The objective of TCAS is to provide a range of collision 
avoidance equipment alternatives to airspace users. It is de- 
signed to meet two minimum capabilities: Teas I, for general 
aviation, provides proximity warning to pilots when other air- 
craft are nearby. TCAS II, for air carriers, informs a pilot of 
an intruding aircraft's position and gives a resolution (maneuver) 
advisory if the other aircraft represents a collision threat. 
Mode S transponders are integral components of TCAS operation. 

Through fiscal 1981, FAA has spent $64 million to develop 
and test various collison avoidance systems. It expects to 
spend another $29 million 'for fiscal 1982 through 1986 to com- 
plete development, testing,.and evaluation of TCAS equipment and 
to publish appropriate standards and guidelines. FAA costs are 
minor compared to user costs. Based on FAA's aircraft popula- 
tion growth projections, assuming 100-percent adoption of Mode 
S for all aircraft and loo-percent air carrier and 50-percent 
general aviation adoption of TCAS, we estimate that users would 
incur $7.1 billion (1982 dollars) in costs over 20 years. This 
is based on FAA's estimate of $66,000 and $3,800 (1982 dollars) 
to equip commercial and general aviation aircraft, respectively. 

Limitations to system effectiveness 

TCAS effectiveness as a backup to air traffic control could 
be severely reduced by three factors--(l) unwanted or unnecessary 
advisories given to pilots could be disruptive; (2) pilot response 
time to advisories may be too long: and (3) aircraft without trans- 
ponders, which will frequently be operating in the same vicinity 
as the TCAS-equipped aircraft, cannot be detected by TCAS. 

Terminal area aircraft densities increase the likelihood 
of collisions. A passive avoidance system, which does not in- 
terrogate other aircraft transponders and was originally planned 
for TCAS I, has proven to be ineffective in terminal areas. New 
methods are being examined. FAA's testing of TCAS II has been 
pursued by FAA for only a year. TCAS II should work when the 
air traffic control system-- because of human error or mechanical 
failure --does not detect a pending collision. Since WAS cannot 
determine controllers' intentions, aircraft in the same general 
vicinity that are climbing, descending, or turning toward one 
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another wi tl g::.;t:;, t.e <. :c:is ;naneuvc.:r ad qisory. Recent tests 
showed that in :(-;1,1 .:ni! !?d ium densit!, s unnecessary maneuver ad- 
visories" $J \; 1. cf.1 i .I l!i- i,+r (3 i s r u p t. i ve !-. ;?ilots, were generated when 
other aircraft ;'?I:'<. i..? the vicinitli.. 

The puss i !: ‘- 1. i “.;i ;;xists that thy slumber of maneuver advisories 
will increase ai; 6. :-<*raft (lensitie:; !.ncrease. Although FAA did 
not calculate .3 ;~~~s~~a.c:~ riensitt es du ring TCAS II fliljht testing, 
the project ~f;;Cci.~!l '?s timated the !na;rimum airspace density en- 
countered clur ; YKJ t :,+st: :I riq to be 31 nir<:raft within a radius of 10 
nautical miles., iirA Fiat; scheduled aiZG3itional TCAS II flight 
tests, However, 6 WAS program objer::r_ive is for the system to 
work in airspact: r;i<:nsii:es up to 30 a:rcraft within 10 nautical 
miles through !.iie 1.990s and in densities of 120 aircraft after 
the year 2000. These requirements were derived from FAA projec- 
tions of aircraft: (densities for the I,os Angeles basin airspace. 
FAA believes this airc?ace will corh~nue to have the greatest 
density in the ?Jat.i<?r + 

The adequacy :-~f iime allowed for- pilot response to resolution 
advisories still has to be proven. "'AA has built "densensitiza- 
tion" into the TCAS 11 logic to reduce unwanted resolution advis- 
ories in terminal areas. Densensitization reduces protection 
response time as airt:ra!!t reach lower: altitudes. For example, 
aircraft flying below :1, 500 feet h&v<! only 20 seconds or less 
from the time of t.he resolution advisory until potential impact. 
Even though FAA rt^;coqnizes it is t.:-a.Iing protection time for fewer 
unwanted alarms, :e believes that .I iiertical escape maneuver of 
1500 feet per min;ite or greater is aclceptable. This maneuver 
requires a prompt anll positive resporlse by pilots because de- 
lays of ten seconds 3r more would 'lot leave sufficient execution 
time for many commercial airliners. Pilots need time to execute 
the maneuver advisory and achieve :.lceded altitude separation, 
plus an allowance for errors in airc:*aft altitude reporting 
equipment. Actual test flights have shown that pilots often do 
not promptly respond to advisories. Instead, they first visually 
search for the in cruder- n This coulr-i thwart the objective of TCAS, 

TCAS effecti*/eness and safety still needs to be determined 
when units are opc?r.-ating in airspace where transponders are not 
required. Terminal. areas where transponders (currently Radar 
Reacon Systems) are not required to account for most errors that 
could lead to coll>sions. Accord ill(; lx FAA, about half of all 
scheduled air L'~L'ICLGYC landings and ciepartures occur in terminal 
areas where gencrdtr avi.ation aircrd+t can also operate without 
having either a .KeL211sponder or al? i,.ude encoder. FAA estimates 
that about 3') pei'zrzr t of general ctv:.ation aircraft do not have 
transponders and ,~bozt ?:! percent 6:: not have altitude encoders. 
Statistics shct~ 1.:!..3? these rates .:3;.y significantly from one 
State to anr)th^lc-r. T,ailure to req;ji ,.e transponders and altitude 
encoders in IX>L-~ terminal areas wll! make TCAS less effective 
because TCAS T ar?d ::I cannot detec*t aircraft with=,ut trans- 
ponders, nor i:dn 'P2;iS II give resol >tion advisories if other 
aircraft are h; ith;)ur. altitude enc::c??rs. 



APPENDIX VI APPENDIX VI 

National and international acceptance 
1s questionable 

FAA needs a better understanding of community support for 
TCAS. According to the FAA Administrator there are no present 
plans to require TCAS on aircraft. Therefore, the demand for 
TCAS will probably be based on perceived need in relation to 
cost, since FAA has not quantified the benefits. While industry 
officials basically support FAA's research and development ac- 
tivities in collision avoidance, the airlines, the general avi- 
ation owners, the military, and the International Civil Aviation 
Organization appear less than certain about plans to implement 
TCAS. 

Although FAA has not quantified the benefits of TCAS, its 
position is that if the system can prevent a single midair col- 
lision between two wide-body aircraft, the system cost to the 
user is justified. According to a preliminary cost analysis, 
FAA estimated that more than half a billion dollars would repre- 
sent a reasonable estimate of the cost of such a catastrophe. 
According to an FAA preliminary cost analysis, user cost to im- 
plement Mode S and TCAS, based on LOO-percent Mode S adoption 
and l.OO-percent air carrier and SO-percent general aviation TCAS 
adoption, would be $3.5 billion over 20 years. This figure 
represents a $2.4 billion cost for Mode S and TCAS over the 
present Radar Reacon transponders cost. 

FAA'S cost estimates for Mode S and TCAS do not include 
military and system life replacement costs. According to the Air 
Force traffic control program officer, Defense has not developed 
any firm cost figures to acquire and install Mode S and WAS. 
However, depending on the types of units to be installed on 
various aircraft, these systems could cost the military up to 
several billions of dollars. Including a 15-year system life re- 
placement cost, and $2 billion for military costs, we estimate 
user costs for Mode S and TCAS to he $7.1 billion (1982 dollars) 
over 20 years. 

Since TCAS is an optional, airborne, user acquired system, its 
costs and implementation schedule do not directly affect air traf- 
fit control operations. The user determines when and if the sys- 
tem will be acquired. However, for the concept to be successful, 
large user investments are necessary. Users, therefore, must be 
convinced that the benefits to be received from the system are 
greater than the costs. 

FAA expects air carriers to voluntarily equip planes with 
TCAS. The airlines, however, support a less costly collision 
avoidance system, but they have :lroposed no alternatives to TCAS. i 
The Air Transport Association, which represents the major air 
carriers, has not fully accepted TEAS II requirements. Airlines 
are concerned that the additional c:C)st to implement TC4S II com- 
pared to a less complex system may not be justified. Some unof- 
ficial estimates for TCAS II implementation are as high as $80,300 
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to $90,000 per aircraft. According to Air Transport Association 
officials, preliminary indications are that the airlines do not 
believe the benefits from a collision avoidance system are worth 
this high a price. 

FAA has done very little to assess the interest of the 
general aviation community in investing in collision avoidance. 
The proposed passive concept originally planned for TCAS I, which 
is estimated to cost from $2,500 to $3,500, is an ineffective 
system according to FAA. Therefore, additional upgrades or a 
change to an active system which interrogates other aircraft 
transponders in its vicinity can be expected to significantly 
increase FAA's original cost estimates. Such increases may make 
the system less attractive to general aviation--which accounts 
for 99 percent of the U.S. civil air fleet, about 90 percent of 
all air traffic, and 84 percent of civil operations at FAA tower 
airports. Availability of an effective TCAS I is one of the 
incentives FAA can use to encourage general aviation owners 
to acquire Mode S, which we discussed earlier. 

The Defense Department has not developed a policy statement 
concerning plans to acquire WAS once the systems are available. 
The Air Force representative to the Aircraft Separation Assurance 
Program stated that the military is most concerned about midair 
collision when aircraft fly close to one another during refueling 
missions and formation flying. TCAS would not be able to reduce 
the collision risk in either of these situations. General avia- 
tion represents the other greatest collision threat to military 
aircraft. FAA data show that midair near collisions between 
military and general aviation account for about 32 percent of all 
midair near collision reports. The probability, however, of gen- 
eral aviation aircraft not being equipped to allow detection is 
much higher than with other aircraft. 

According to the FAA timetable, TCAS II should start produc- 
tion in 1984. FAA and other officials doubt that ICAO standard- 
ization of Mode S can be achieved before 1984. The ICAO committee 
working on Mode S will not begin work on collision avoidance stan- 
dards until it has finished with Mode S. TCAS and Mode S project 
managers have stated that much of the groundwork for obtaining 
agreement on the rJ.S. specifications for TCAS and Mode S has been 
accomplished, since most of the industrialized countries have 
accepted the U.S. specifications. There are, however, other 
existing collision avoidance systems that could be adopted by 
ICAO's 149 members. In addition, the long projected time frame 
for the ICAO standardization process adds significantly to the 
risk that new technology will make TCAS obsolete before stand- 
ardization occurs. 

MLS PROGRAM NEEDS TO RESOLVE PROBLEMS 
AND REACH AGREEMENT - 

FAA needs to resolve outstanding technical problems asso- 
ciated with the reliability of Microwave Landing System (MLS) 
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equipment, including the Precision Distance Measuring Equipment 
(PDME), and reach agreements with other organizations to achieve 
acceptability. 

MLS will replace the Instrument Landing System now used by 
civil and military aircraft and the Ground Controlled Approach 
System used primarily by military aircraft. MLS provides air- 
craft azimuth (course or direction), angle (glide slope), and 
range (distances between an aircraft and the ElLS equipment lo- 
cated near airport runways). Azimuth and angle information is 
provided through the Time Reference Scanning Beam component, 
while range is calculated by the PDME component. 

MLS is expected to provide greater flexibility of air traffic 
procedures by allowing curved and segmented approach paths; these 
increase safety and reduce noise levels. Also, MLS is expected 
to improve short field operations by short and/or vertical takeoff 
and landing aircraft. It is intended to meet the full range of 
user operational requirements through this century and beyond. 
FAA estimates program costs will be $1.1 billion for procurement 
of ground equipment starting in 1983. Civil aviation is expected 
to spend $900 million for avionic equipment. Defense has not 
yet formalized an MLS program. 

Technical problems need resolution I_ 

Uninterrupted MLS service cannot be assured under present 
plans. Also, technical problems with the PDME component were 
disclosed during testing. 

FAA plans to use Remote Maintenance Monitors to control a 
variety of MLS equipment functions. In reviewing MLS specifica- 
tions, the Department of the Army identified a major technical 
concern--MLS susceptibility to inadvertent or deliberate sabotage. 
Remote Maintenance Monitors use electronic signals to turn on and 
off (reset) MLS equipment. Inadvertent signals from two-way 
radios, electronic garage door openers, and the like could change 
the function of MLS equipment. The function could also be changed 
intentionally through sabotage by persons attempting to damage the 
United States, FAA, the military, or the airlines. The use of a 
properly secured password was proposed by the Army to remove this 
risk. FAA has not decided what action, if any, it will take. 

FAA has tested several prototypes of PDME from two contrac- 
tors, with differing results. 0ne contractor's prototype displayed 
significant bias, ranging from 10 to 295 feet, that could not be 
isolated by the contractor's engineers, PDME should be accurate 
to within 100 feet. This degree of precision is sufficient for 
safe landings under zero visibility. A consistent bias that does 
not vary over time can be corrected simply by compensating for 
the known value of the bias; it then does not affect the precision 
of the resulting estimates. FAA's evaluation report on these pro- 
totypes recommended further testing to isolate the cause of the 
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signif iclant bias, but no further testing was conducted or is 
planned according to FAR's program manager. The prototypes from 
the other contractor displayed no significant bias during testing. 
We believe there is no assurance that this bias nil1 not occur in 
another contractor's production models tiithout determining the 
source of the bias in t%e one prototype. 

Agreements needed with other organizations - --_.-- 

FAA needs to reach agreement with the Defense Department on 
MLS in order to meet its primary objective of providing a standard 
civil and military method for precision approaches and landings. 

A primary MLS objective is to provide a standard civil and 
military method for precision approaches. The military neads a 
tactical landing system for adverse combat conditions overseas 
and for domestic disasters and other emergencies here. This 
equipment should be compatible with FAA equipment to efficiently 
minimize the need for dual or multipurpose receivers on military 
aircraft which frequently use civilian air facilities. To achieve 
this objective, FAA and Defense must agree on all specifications 
and procedures needed for interoperability and compatibility prior 
to production. Such agreement had not been achieved by July 1982, 

FAA and Defense have been discussing MLS for several years 
but significant issues are still unresolved. In June 1982, De- 
fense stated its desire that 15 channels be dedicated exclusively 
for military use. Although requirements have not been analyzed to 
calculate its real need for dedicated channelsr Defense proposed 
a set-aside of 15 channels. Defense officials responsible for 
coordinating with FAA feel that 15 channels will meet their actual 
operating requirements. 

Since only about 100 channels are available, FAA officials 
told us they anticipate a possible shortage of channels during 
the MLS equipment life cycle if they permanently relinquish as 
many as 15 channels. FAA bases this conclusion on its official 
forecasts which state that air traffic will more than double over 
the next 25 years. FAA and Defense did not begin active discus- 
sions on this important issue until July 1982. We believe it 
should have been resolved earlier because it directly affects 
a major MLS program objective-- to meet operational requirements 
through the end of this century and beyond. 

FLIGHT SERVICE STATION AUTOMATION PRGJECT 
WEDS TO BE REEVALUATE6 

---~ 
--- 

F.A.A needs to reevaluate the Flight Service Station Automation 
Project for two reasons. First, to be effective and reduce costs, 
the aviation community must be willing and able to utilize auto- 
mated services once they 'oecome available, but FAA has not yet 
demonstrated this willingness. Secondly, because of the large 
initial expenditures for this project, the need to maintain 

i 

r 
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flight specialists to directly interact with pilots who cannot or 
choose not to use automated methods, and the uncertainties about 
levels of future demand for flight services, the Flight Service 
Station project may not meet FAA's prime program objective to re- 
duce costs. It mayl instead, actually increase costs. 

The Flight Service Station Automation Project is intended to 
provide automated weather pilot briefings and graphic weather dis- 
play to flight service specialists via cathode ray tube (CQT) ter- 
minals. FAA plans to introduce this automated assistance starting 
in 1984 at a few locations, It would expand the service to more 
locations in the future and eventually upgrade it to allow pilots 
to receive weather briefings and to file flight plans without a 
flight service specialist. 

Yore than 4,500 flight specialists, or roughly 10 percent of 
FAA's total workforce, now manually provide flight services to 
the aviation community. The total annual operating costs exceed 
$100 million. FAA's prime objective for the Flight Service Sta- 
tion project is to reduce costs, particularly personnel costs, 
through automation. 

FAA plans to produce equipment for 61 automated flight serv- 
ice stations, consolidating its approximately 300 current facil- 
ities. It estimates the cost at $495 million--$170 million from 
fiscal 1977 through 1982 for research and development, and 
$325 million from fiscal 1983 to 1987 for facilities and equipment, 
research and development, and installation, but not operations 
or maintenance. 

i3ser acceptance is uncertain - 

FAA should assess the degree of acceptance among general 
aviation pilots of the automated flight services it plans to offer. 
The success of the program and its cost impact on the Government 
depends on such acceptance. 

These planned automated services will require pilots to use 
either computer terminals with ordinary telephone lines or touch- 
tone telephones. 4 direct user access terminal costs a few hun- 
dred dollars. Using a touch-tone telephone, approximately 100 key- 
strokes are required to enter flight plans. FAA has not evaluated 
pilot willingness to purchase terminals or enter a flight plan 
with a touch-tone telephone, but estimates that by 1995, SO per- 
cent of weather briefings and 55 percent of flight plans will be 
filed directly by pilots without the assistance of flight acrv- 
ice specialists. 

r 

Xe believe that commercial airline companies and the Drpart- 
ment of Defense either already otin or will acquire access term- 
inals to enter data for their limited use of the system. The 
major unknown is system acceptance '3;~ general aviation, which dc- 
counts for 30 percent of a11 air traffic. 
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FAA's program manager stated that the only study of user ac- 
ceptance of autcmated flight services was conducted by FAA in 1976. 
The study showed generally positive reaction to automated flight 
services: however, FAA was unable to provide the detailed statistics 
it used to make this assessment. The study notes that the partici- 
pants were primarily engineers and computer programmers--individu- 
als already comfortable with computer systems. This gives the 
study an unknown bias because there is no assurance that the group 
tested would fairly represent general aviation. In addition, the 
study did not measure general aviation users' willingness to pur- 
chase computer terminals or use touch-tone telephones. Later stud- 
ies in 1979 and 1980 dealt primarily with the usefulness of data 
provided by the Flight Service Station project. In our opinion, 
they do not satisfactorily demonstrate pilot acceptance of auto- 
mated services. 

The other aspect of acceptance is pilot perception of the 
quality of weather information furnished by the system. Here 
again, the emphasis is on general aviation. We believe that 
general aviation pilots can reach decisions when weather condi- 
tions are excellent or very poor. However, between such extremes 
lies a considerable amount of uncertainty wherein an unknown 
number of pilots will wish to speak with a flight specialist 
to get an expert opinion. As the number of calls to flight 
specialists increases, system efficiency will decrease because 
calls must be answered promptly to ensure the safety of aircraft 
since weather conditions are subject to rapid change. 

In our opinion, this unknown acceptance of reliability could 
heavily affect the expected cost benefits that are discussed in 
the following section. 

Need to recompute costs/benefits 

FAA needs to recompute its cost/benefit analysis for the 
Flight Service Station Automation Project to determine if this 
program should be continued, delayed, or terminated. Earlier 
cost/benefit analyses were deficient because they did not con- 
sider a range of variable factors. In addition, our detailed 
analysis and subsequent recalculation of costs and benefits dis- 
closed some highly questionable adjustments without which the 
project would not have been justified by FAA's analysis. 

FAA initially conducted a cost/benefit analysis for the flight 
services project in 1978, in connection with the project's master 
plan. This study concluded that FAA could save $1.5 billion in op- 
erational costs through 1995, but less than $300 million after the 
discounting required by OMB. The study relied on critical assump- 
tions that could vary substantially. These assumptions concern 

--the rate of utilization by general aviation pilots of flight 
services, and 

--the growth in demand for flight services. 
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The study did not show a range of results based on differing as- 
srlmptions for these variable factors. 

Our analysis sf FAA's study disclissed two highly questionable 
adjustments which gave a significant cost advantage to FAA's auto- 
mated alternative. FAA had estimated that with the current manual 
system, operational costs would increase approximately 20 percent 
more than the prcjected demand increase for flight services during 
the second year of t.he research and development phase. Since this 
increase became the basis for future year projections, the over- 
statement of cost was reflected thrcz,ughout the balance of FAA's an- 
a:Lysis? In addition, continuing manual system expenses were held 
ccnstant when costing automated alternatives, despite projected de- 
demand increases, until initial automated operations were planned 
to begin. We recalculated the discounted costs of the Flight Serv- 
ice Station proje::" without t-hese adjustments through 1993, using 
5everal different rates for user acceptance and growth in demand. 1/ - 
Our results are shown below. 

Anr~l~al. demand growth -_---l-_l.- ..--. - --- ------ i_--_----__ ---- 

Zero -II 

Cob+ ~.CI the Government __ ._ -.-~--..ll_~ --__ 

---- _C--L--...~-. --( mil].ians) -------- - --------- 

$1,128 s.,190 $1,332 $1,503 

Acceptance rate 
ipercen;t) __-_- 

GO 
60 
46 
20 

1,460 
1,509 
1,557 
1,604 

1, tic31 
1,639 
1,72C; 
1,78f; 

1,676 a/ 
- 1,765 

1,853 
1,941 

a/Closely apprcx1mntes assun\pti:,l;: used by Frih. - 

l/Our recalculation used OMB Circ:'\;lar A-94 discounting rates for ~- 
consistency .with FAA. I-Iowever, &he prescribed 10% rate for 
:-liscount.ing is arbitrary. If ‘1 iis* is too high a rate, the eco- 
r:om ic impact r::f ?iscounting has teen overestimated. If it is 
?.OW, the impact of discounting h?s Seen underestimated. 
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A comparison of our recalculated costs for both the present 
system and the Flight Service Station system shows that the latter 
offers no cost advantage to the Government. 

FAA updated its cost/benefit analysis in October 1979, using 
its 1978 study results to reflect changes in its plans to consol- 
idate flight service stations. Several minor (unsigned) papers 
prepared in the summer of 1981 attempted to evaluate reductions 
in predicted demand for flight services but did not address dis- 
counted costs. Because these updates were based on the initial 
analysis, the same problems exist in these later analyses. None 
of the analyses quantified benefits of automation such as serv- 
ice improvements or assessed user costs of system implementation. 

We believe that general economic conditions and the air traf- 
fic controllers' job action affected demand for flight services. 
For example, the demand actually decreased more than 3 percent from 
fiscal 1978 to 1981, rather than increasing 15 percent as FAA had 
assumed in its initial cost/benefit analysis. If FAA had computed 
costs for a range of growth rates and user acceptance rates, the 
program's benefits or lack thereof would be clearer. Use of a 
single point estimate when there are critical variable factors is 
an error that limits meaningful evaluation of results for man- 
agerial decisions. 

CONCLUSIONS 

Testing disclosed technical problems associated with Mode S, 
the Traffic Alert and Collision Avoidance System, and Microwave 
Landing System that require resolution, including further testing, 
before full implementation. User acceptance for Mode S, TCAS, and 
the Flight Service Station Automation Project needs to be assessed 
to ensure successful system implementation for safety and cost con- 
siderations of FAA and users. FAA's successful implementation of 
these programs depends, to a large extent, on a high degree of user 
acceptance. Without it, FAA may not gain significant short term 
or possibly long term benefits from its investments and those made 
by users. 

RECOMMENDATIONS 

We recommend that the Secretary of Transportation direct the 
FAA Administrator to: 

--Assess and resolve promptly the identified critical com- 
munication issues. This should include: 

e Enforcement of further testing to ensure that perform- 
ance requirements are satisfied for Microwave Landing 
System, Mode S, and Traffic Alert and Collision Avoid- 
ance System before implementation proceeds. 
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a Assurance of user acceptance of Mode S, Traffic Alert 
and Collision Avoidance System, and Flight Service Sta- 
tion Automation Project before proceeding with full im- 
plementation. 

0 Reevaluation of total costs and benefits of the Traffic 
Alert and Collision Avoidance System before implementa- 
tion I 

0 Reassessment of costs and benefits to Flight Service 
Station Automation Project users so that a decision can 
be made about implementing the program. 
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