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PRELIMINARY TESTS
OF APPLICATION OF COMPUTERS
FOR PROCESSING OF TABULAR FLIGHT DATA

SUMMARY

This report covers an operational analysis of some of the workload
factors involved in the present method of proceasing flight-plan data and in
the preparation of tabular displays in Air Route Traffic Control Centers. It
deascribes simulation tests of various techniques for the automatic processing
of flight data.

It is eoneluded that use of computers end sutomatie data processing
equipment in the air traffic control system to provide printed flight progresg
gtrips will preovide an evolutionary step forward in improved data processing
with a considerable reduction in assistant controller workload.

INTRODUCTION

One of the large workload factors 1n air traffic control (ATC)
today is the processing of flight-plan data. This processing includes initisl
transmiasion of the flight plan to the Air Route Traffic Control Center
{ARTCC), the preparation of flight progress strips for the controller's dis-
play board, and the forwarding of these data from sector to sector and fo
other ATC facilities, This report deals solely with the problem of tabular
flight-dete processing, end the improvements that may be realized through the
introduction of eutomatic equipment within the existing ATC system. Until
such time 88 ground-derived positien information (rader and beacor) or air-
derived positiorn information (data link) 18 available for all aircraft re-
quiring traffic control service, it is probable that a tabular arrangement of
flight date will continus to be the main display of the traeffic controller,

The implementation of the input devices, computers, and
communicaticns circults required to preoduce printed flight progrese strips
does not detragt from the longer range investigation of automatic tebular
displays or pictoriel displays. Rather, the system described in this report
ghould, in addition tc providing immediate relief to the controller, provide
a firm basis for more advanced systems of deta processing and data diasplay.
It is obvious that once = conversion has been accomplished from voice and
handwratten flight data to encoded data, & major breskthrough will have taken

place in the evoluticnary development of an automatic air treffie control
system,
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The testing and simulation work described in this report were
accomplished during the pericd from June 1955 through December 1956. The
project was carried on under the sponsorshap of the Alr Navigation Development
Board uwder Project 1.2.

DESCRIFPTION OF PRESENT SYSTEM
OF TABULAR FLIGHT-DATA PROCESSING

A thorough understanding of air traff.c control and the pregent
system of manual data orocessing 15 essential to any attempt to alleviate the
workload of the assistant controller who 1s requared to spend as much as 50
per cent of his time performing routine clerical tasks, In the past, some
theoretical studies have suffered due to a lack of understanding by the in-
vestigators of air traffic control fundementals and a lack of appreciation
of the technical skill required by the controller. Air treffic control
authorities recognize that an average controller requires three or four years
on the Job 1n the sare facility before he 18 considered a "good" controller.
This represents the average period of tralning required to comprehend fully
the complexaities of air traffic control. Because the present system demands
thet he participate in the routine data-processing operation, an assistant
controller 1s less than 50 per cent effective i1n performing actual control
activities.

The Indianapolis ARTC Center was used in this analysis te provide
an accurate environment for the tests of automatic date processing. One of
the measurea of ARTC Center activities 18 the annuel total of flight progress
strips. Table I shows that the Indienapolis ARTC Center ranks fifth among
the top ten Centers in the 1956 cowunt of flight progress strips.

Another reason for using the Indianapolis ARTC Center 1s that 1t 1s
directly assoeciated with the Airways Operations Evalustion Center (AOEC) in
a thoroughly practical environment for eveluating new concepts and procedures.
Such an environment 18 essential in relating the research and development ef-
fort to operational requirements, This practical enviromment has becn
carefully cultivated at the Technical Development Center (TDC).

The Indianapolis ARTC Center 1s one of 26 such facilities in the
United States. This Center 18 responsible for the control of instrument
flight rule (IFR) traffic in the area shown in Fig. 1. This 1llustration
also shows the ARTC ercas adgacent to the Indianspolis area. Thie area con-
tains 8,810 miles of controlled airways, 10 airports with Civil Aeronautics
Administration (CAA) control towers, 7 airports with military control towers,
& CAA communications stations, emd numerous airline radio stations.



3
TABLE I

TOTAL FLIGHT PROGRESS STRIPS, FISCAL YBAR 1956%

Position ARTC Center Total Strips
1 New York 2,271,462
2 Washington 1,265,621
3 Atlanta 1,202,126
L Chicago 1,092,552
5 Indianapolis 1,090, 488
6 Cleveland 1,062,896
7 Kansas Caty 1,023,199
8 Los Angeles 956, 495
9 Oakland g1, gk

10 Boston 931,760

The area 18 subdivided further into Sectors, also shown in Fig. l.
Each sector is manned by & controller and an assistant controller. Infor-
mation regarding en route aircraft 1g displayed to the sector controller in
the form of flight progress etrips or fix posting. Each flight progress
strip portrays the information pertaining to a particuler flight at a desig-
nated position. In the Indianapolis ARTC Center there are 4l such designated
positions, known as fixes, Center personnel esgtimate that an additional 20
fixes actually are required to display edeguately the air traffic picture to
the controllers. These edditional fix postings are not diapleyed due to the
ghortage of space in the ARTC Center and the critical manpower shortage in
Center staffing. Failure to display these postings, however, imposes added

burdens on the controllers in nterpclating and extrapolating aircraft
pesition data.

Thirty-nine Service F interphone lines terminate in the
Indianapolis ARTC Center. On these 39 lines, there i1s a total of 112 stations
having a responsibility to provide flight data to the Indienspolis ARTC Center.

The lines terminate at a pateh penel, from which they are eztended to the
individuel sector control boards,

The complex Service F commurnications network serves three prime
purposes 1m the execution of the mir treffic control funection:

1
Federal Airways Air Traffic Activaty, CAA.
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1, The mesembly of flight-plan data from stations of origin within
the areas and from adjacent ARTC Centers.

2, The relay, to the ARTC Center, of aircraft position reports received
by airline, military, and CAA radio stations at points throughout the control
area.

3. The relay, from the ARTC Center, of control instructiomns to alrgraft.

Although a limited number of position reports and control instructicnas are
handled via direct radio chamnels between the controller and pilot, the
majority of such comnunications are relayed via the Service F 1interphane.

In addition to the Service F interphone network, some flight plans
are gathered by means of Service B teletypewriter circuits. The Center also
requiresd the hourly assembly of weather information as handled on Service A
teletypewriter circuits,

It 13 appropriate at this point to examine the processing of a
flight plan received in the Indianapolis ARTC Center, If the flight plan 1s
received via interphone from an adjacent Center, 1t generally represents a
flight already in the air and approaching the area on a defined route in ac-
cordance with an ATC c¢learance, Tae flight plen is copled by an assistant
controller onto a flight progress strip. The route of flight 1s analyzed by
the assistant controller to determine the fixes at which the flight ls to be
displayed. A flight progress strip 18 prepared for esch f.x (om average of
five strips per flight). The eatimated tame of arrival (ETA) at each indi-
vidual fix 1s calculated by the assistant controller, entered on a sirip, and
the completed strips are posted at the proper sector control boards.

A flight plan filed with the ARTC Center coneerning a proposed
departure from an airport in the area 1s handled in essentially the same maen-
ner, except that the estimated times are not pleced on the fix-posting strips
until the flaght actually has recelved a cleerance and departed. In the lat-
ter case, the departure strip i1e passed to the controller at the proper sector
vhile the remeining strips are held in sbeyance until the flight has departed.

A proper appreciation of the tegchnique of calculating estimates 18
important to the understanding of the eontroller’s workload in the manual
procegsing of flight data., In the process of calculaetion, the assistant con-
troller generelly has been furnished with the aircraft's speed, either ground
or air, upon which subsequent time estimates are to be based, To arrive at
an accurate set of time estimates, however, the assistant controller must
apply correction factors obtained from U. S. Weather Bureau Winds-Aloft Reports
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as well as historical date from flights that recently have traversed the same
airspace. A eognizance of the aircraft type also 1s necessary as a rough
validity check on the speed. As wind conditions differ with altitude, so
will the store of correction data differ with the altitude of the particular
flight,

As a flight progresses along an airwsy or & preacribed direct route,
the pilot is required to make periodic pesitlon reports. Taese reports are
made directly to the sector controller via the assigned radio channel, or are
relayed to the controller via interphone through an :ntermediate radio
station.

The Civil Air Regulations currently prescribe that a position
report shall contain the following elements:

1. Aircraft identaity.

2. Position (over a fix, or an estimated distance and direction
from a fix),.

3. Tame.

b, altitade.

5. Pillot's estimate of next fix.

6, Name of fix following the next Fix.¥

*A new requirement 1n position-reporting procedure, designed to
give the controller assurance a9 to the intended route of the aircreft. The
need arose partially from the ambiguous nature of some of the civil airway
designations.

Example: (Position report given directly to the controller by the
pilot.)

Pilot: "Indianapolis Center, this is TWA 72, over.”
Controller: "TWA 72, thais is Indisnapolis Center, go ahead,”

Pilot: "TWa 72 over Dayton VOR at '32' (1132), (eltitude)
19,000 feet, estimate Appleton at '55' (1155), Roscoe,”

Controller:; "Roger TWA 72, Indianapolis Center out.”

Upon receipt of a position report from an eircraft, the controller
enters the time reported upon the eppropriate flight progress strip, calcu-
lates the ground speed maintarred from the previous position reported, revises
the estimate at any fix posting within his own sector, and notifics the
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controller in the azdjacent sector of the change 1n time and gpeed. Thas
notification may take place in several different ways. It may require an
mterphone call to an adjacent ARTC Center; 1t mey require an interphone call
to another sector within the same Center; the revised data msy be passed
orelly to the adjecent controller, or a sector coordinator may be regqueated
to see that the revisions are passed to the proper sector, The subsequent
hendling of the revised data 1s a repetition of that just described, umtil
the revision reaches the arrival sector for the perticuler flight.

NEED FOR IMPROVEMENT OF PRESENT SYSTEM

There appears to be a universal appreciation of the need for
improving the present system of air traffic control. From this point of com-
mon agreement, the opinlons on how the system might be mproved diverge
rapidly. One of the more drematic approaches to the problem consifers the
present system of air traffic control cbsolete; hence, 1t must be replaced,
The development and implementation of new and complex devices are proposed,
and & rather large incresse in efficiency and capacity of the ATC system 1s
purported. An analysis of the many proposals for improvement of air traeffic
control, advanced since the days of World War IT, reveals one marked aimi-
larity which, ultimately, turns out to be the largest derficlency in such pro-
posals. Th=re is a tendency to ignore the rresent needs of the ATC system
end the absolule necessity for an orderly tronsition from the present manual
gystem to a system wherein a certain portion of the manual operations are
taken over by a machine.

It 18 significant that the technique of displaying tabular flight
date on handwritten flight progress strips was condemied in 1942 es being
obaolete and 1mposing a serious restraction on the growth of the system.2

In 1947, on estimated fleet of 900 air-carrier eircraft contributed
to 2 total of 10 million flight progress strips in ARIC Centera im the United
States. In 1957, there were 1,600 air-carrier aircraft flying the airways,
and approximately 24 million flight progress strips were prepared.

The number of malitary alrcraft in constant use on IFR flight
operations 1s indeterminate. Suffice to say that in 1947, the military serv-
ices were responsible for 10 per cent of the total flight progress strips.

In 1957, this reached 4% per cent.

2
Tevelopment of Autometic Posting Systems for Air Traffic Control,”

paper prepared by the Air Traffic Control Division, Office of Federal LAirwaya,
CAA, dated January 28, 1942,
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The foregolng is not intended as a justification for the continued
use of flight progress strips. It does, however, point up two fundamentel
facts, The farst 18 that the display of tabular flight dete by & method that
wes Judged obsolete in 1942 still s surprisingly adequote in 1957. The sec-
ond 1s that any proposed system that fails to provide for a logleal
progression from the present system will encounter serious obsiacles,

The handling of individual flight plans and indivadurl position
reports was covered earlaier in this report., To obtain & proper understanding
of the magnitude of the present communications end data processing problem,
1t 15 appropriate to consider some stetistics that are available. A Bell
Telephone Laborestories report3 gives gome authentic and pertinent figures on
interphone communications time that may be applied to any ARTC Center, For
example, the average time per message spent by cn asssistant controller :n the
Hartforé Sector of the Boston ARTC Center in accepting an incomlng messoge
was 30.3 seconds. The average time spent on outgoing messages by the same
ag8i1stant controller woa 51,0 seconds.

The difference i1n average communicaetions time between the incoming
and outgoing calla i3 due to the delay in waiting for the operator on the
other end of the line to angwer the phone. It is important to note that the
originator of the call 1s not in o position to undertake eny other activities
during the "wairting” peraod, and ihrt the "waiting" period constitutes nearly
one-helf of the interphone time of the assistant controller in making an
outgec.ng call,

An analysis of 4,505 readable flight progress strips, representing
the activity of the Indianapclis ARTC Center for an average day, reveals that
778 flight plens (intercenter data transfer messages ) were trensmitted by the
Indianapolia ARTC Center to the seven adjacent ARTC Centers. Applylng an out-
going message time of 51 scconds per message, this represents a totel of
39,678 seconds, or 1l hours of continuous data transfer time during a 24-hour
Center operation. Incoming messages from adjacent Centers consume approx-
imately 60 per cent as much time as outgoing calla, or another 6,6 hours of
data transfer.

3"Traffic Study of Cormunications and Related Operations, Part I -
Hertford Sector," Final Report, Task A, prepared by Bell Telephone
Loboratories, Inc., on behalf of Western Electric Co,, Inec., upder contract

with U, S. Signal Corps for the Air Navigation Development Board, June 15,
1955.
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The transrission of this same number of computer-processed incoming
end oatgoilng messages via teletypewriter et a gtandard rate of 75 words per
minute (wpm) would require 2.5 hours ag compared to the 17.6 hours vaa inter-
phone, Thas 18 a sagnificant reductrion in communication time, It 18 o firm
indication that immediate relief can be forthcoming with the implementation of
gome tried and proven equipments.

These figures, based on an average day in the Indianapolis ARTC
Center, can be extrapolated o fit the New York ARTIC Center on one of 1ts
peak activity deys, Such a peak dey will total approximetely 13,000 flight
progress strips, or nearly three times the average day in the Indrenepolis
ARTC Center. On such a doy in the New York Center, the totel interphone com-
munications time involved in trensmitting and receiving intercenter flight-
data messages would be approximately 50 hours, as compared to 7.5 hours
necesgory to transmit the seme amount of data vie teletypewraiter. This is &
tengible improvement, and represents a reduction in clericel workload that
can be realazed with existing equrpment.

The objections to the flight progress strip as o means of displaying
flight data have been nurmerous and hove emanated from a variety of sources.
It muat be agreed that the most valid objections are those that come from the
controllers qualified in the task of air traffic control. Surprisingly
enough, their objections deal prinecipally with the technique for gatherang,
processing, end distributing the flight data. TUnwieldy as the flight prog-
ress boards have been described, they remain the most effective, available
display of tabular flight data, and can be made ever more effective with some
rather simple innovatiohns., Consider the handwritten flight progress sgtrip.
The time requared to write 13,000 strips, including the calculation of esti-
matea, 15 estimated to be 100 man hours, The production of 13,000 flight
progrese strips by a computer such as the IBM 650 or the Remington-Rand
UNIVAC F:le Computer would require approximately 10 hours. This represents
a tangible improvement in terms of existing equipment., More complex and ex-
rensive computers, coupled with very-high-speed output printers, could produce
Tlight progress atrips at rates approaching 28,000 strips per minute. Such
& production rate far exceeds the demand anticipated in the neer future.

Simitar improvements logically could be expected to accrue from an
adequately Implemented aystem of two-way radic communication between the palot
end the controller. The average controller today can generate little enthus:-
asm about the proposed mutomatic ATC systems when he has not yet been provided
with a ratker fundamental tool; that is, two-way radio communication with all
arrcraft under his jJurisdiction. Another degree of improvement could be real-

1zed from the reorganization of airways and routcs along sound traffic
€ngilneering princilples.
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The foregoing points 1llustrate some areas wherein Immediate
improvement in air traffic control can be realized, They deal principally
with controller workload, and emphasize the reduction in clerical effort that
can be accomplished through a simple means of encoding and processing flight
data.

With relatively little improvement in the tools for processing
flight data, the total of fix postings in ARTC Centers has grown from
8.8 million i1n 1946 to 16,9 million in 1954.J+ This rate of growth produced
approximately 24 million fix postings in 1957, and the forecast for 1965 1s
33 million,

There is no feeling of pride or accomplishment in the fact that the
syStem described aa sairchaiec, while handling 8.8 m1llion fix postings in 19h6,
was able to hendle 16,9 million fix postings in 1954, There is a recognized
need for improvement, end there is the dlstinct possibility that some of the
basic improvements outlined 1n this report may permit the system to absorb
some of the growth forecast for the pext five years.

SIMULATTON TESTS OF
AUTOMATIC DATA-PROCESSING TECHNIQUES

Componenta.

A geriea of tests was conducted to provide additional information
on the data-processing and data-displey technigques postulated earlier in this
report. These ieats were conducted 1n an environment of automatic tabular dis-
rlays, typed flight progress strips, & megnetic storage drum, a teletypewriter
network including asn automatic switching center, and a postion report input
device.

These deviges end equipments were controlled by the operation of
8 simulated computer. This simulated computer consisted of a group of 12
automatic communications equapment (ACE) operators, highly skilled in the
processing of flight dats and assighed Autles similar to the functions of an
electronic computer, These ACE operators essentially were the same group that
perticipated in the operational evaluation of a selective weather information
distribution system, described in a report by Bell Telephone Laboratories.?

hFederal Alrway Plan, Fiscal Years 1957-1961, U, S. Department of
Commerce, CAA, December 1955.

5"Air Traffic Control Communications,” Task D, Part 1, Final Report,
Bell Telephone Laboratories, October 21, 1955,
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The simulated computer utilizZed teletypewriter communications for
input and output, paper-form storage as a permanent record of computed flight
data, 2 megretic drum for temporary storage, charts and airway tables, and
en agsignment of ACE operator dutles, See Fig. 2.

Type C Beard.

The autcmatic tzbulaer displays used in the tests were the Type C
date display end transfer boards shown in Fige 3. These display boards,
constrvcted by the Union Switch and Signel Divasion of the Westinghouse AIr
Brake Co. for TDC, weie proposed to present to the contreller, in en eutomatic
fashion, the same type of flight date currently shown on the flight progress
board. Eech Type C boerd consists of 11 rows of indicators, with 60 indi-
cators in each row, The individual indlicator, a cuteway model of which 1is
shown in Fig. 4, is capable of displaying any one of 64 characters upon re-
ce1pt of the appropriate teletypewriter signal. Date can be tranaferred be-
tween Type C boards or to & magnetic drum storage unit at a speed of 1,000
wpm, Type C boards alaso can be used to aend end receive at standard tele-
typewriter epeeds of 75 wpm, A description of the Type C boards and sgme of
the original tests conducted with them mey be found in another report.

Magnetie Drum,

The magnetie drum storage used ln these tests consisted of the
Engineering Research Associates (ERA) magnetic drum storage system. The gen-
eral operating characteristics of this equipment, which was built to TDC
specifications by ERA, have been described in a previous report.7

Teletypewriter Switching Center,

With the exception of the high-apeed carcuits used between the
magnetic drum and the Type C boerds, all other flight-date transfer was con-
ducted on teletypewriter circuits. An 81Dl automatic teletypewriter switching
system was used in these teste to facilitate the =ssembly of flight-data mes-
sages from a variety of input stations and to distribute the prepaered data to
the eppropriate ARTC sectors, The 81Dl switching equipment owned by the

6Append1x 7 of the "Interim Report on Air Traffic Control
Communications,” prepared for the Air Navigation Development Board by Bell
Telephone Laboratories, dated June 30, 1956, This report is based on work

conducted jointly by the Technical Development Center and Bell Telephone
Laboratories,

7
Froncis J, Grosa, "Applicability of Magnetic-Drum Information

Storage to the CAA Teletypewriter Circuits,"” CAA Technical Development Report
No. 233, April 1954,
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Pell System was i1nstalled at TDC es part of a contract between the Western
Ele¢tric Co., Inc., end the U, S. Signal Corpas, The operation of the 81p1
awitching center has been described in the Bell Laboretories Record.

Input Device,

A position-reporting device was comstructed to permit the
controller to transmit aircraft position data to the sumulated computer.
This device, shown in Fig, 9, provided for the insertion of aircraft posi-
tion information in columns of digltel pushbubtons, Each alreraft in the
gystem was sssigned a two- or three-diglt identification by the simulated
computer., This i1denbity wae printed on the flight progress strips and was
used by the controller when transmitting position reports to the computer.
The aircraft position-report information inserted by the controller
conglated of the following:-

Alrcraft Identity -~ A sequential identity sssigned by the computer,
Entered in Section A of the input keyboard,

Time - The time reported by the pllot in four digits.
Enter 1n Section B.

Fix ~ A pingle-button operation in Section C.

The input device utilized o stendard teletypewriter transmitter equipped with
a continuous tape containing the necessary address and format. Upon insertiomn
of the variable deta via the keyboard and activation of the stert button, the
keyboard data combined with the continuous-tepe loop to form a messege to the
sumulated computer, At the termination of the transmiesion, the continuous-
address loop was repositioned to START preperatory to the transmission of s
new message. Figure 6 15 an artist's concept of a position repeort input de-
vice utilizing e ten-key, edding-machine-type keyboard. The position infor-

metion would be displeyed to the operator for checking prior to trensmission
to the computer.

Arrangement of Test Facilaties,
Automatic Tabular Displays.
The Type C 8isplay boards were used as automatic tabular displays
of flight data, The area simulated is shown in Fig. Te The two fixes selec-
ted to be displayed on the C boards were Terre Heute (HUF) and Indianapolis

8
G. A. Locke and E. R. Robinson, "Automatic Private-I,1ne

Teletypewriter Switching System," Bell Leboratories Record, September 1955
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(IND). Flaght-data messages (fix postings) for ell other fixes in the two
sectors were printed on teletypewriters and displayed on flight progress
boards. Figure 8 is a block diagram of the equipment used in this portiom
of the test.

Flight-date messages addressed to the simulated computer were
introduced at input stetions A or B, Fig. 8. These messages represented +the
type of traffic that normally would be transmitted from one ARTC Center to
enother, or were in the form of proposed flight plens originating within the
gren, These pample messages were routed through the 81D1 swiitching center
to the simulated computer, Upon receipt of the flaght rlens in the simulated
computer, an analysis of the route of flight occurred. By this analysis, the
number of fixes within the area for which display messages should be prepared
was determined, The calculation of the estimated ftimes and the preparation
of the 1ndavidual messages in teletypewriter format also took place in the
gimulated computer. See Fig. 2. The output messages from the simulated com-
puter were routed through the switching center to the magnetic drum. The
magnetic drum, serving as a storage device, performed two main functions:

1. It held in abeyance those original display messages that were not
Immediately required by the controller, The display messages that were re-
quired immediately were transmitted by the drum to the display. Those having
egtimated times beyond the normal displey leadtime were held for future
trensmissicn on a ¢lock-readout routine.

2. The flight-datas messages stored In the drum provided the "file" used
by the simulated computer in updating subseguent messages.

The computed display messages were routed from the drum to the
displays via the 81D1 switching center., The HUF end IND fix postings were
transmitied to the C boards as shown 1n Fig. 8. Fix-posting messages for
other fixes in the two-sector display ares werec routed to teletypewriter sta-
tions C and D. The messages appeared in a streight-line format and the paper
was merely torn into strips, which in turn were placed in flight progress
gtrip holders. It should be noted that this portion of the test was con-
cerned vrimarily with the automatic tabular displey cheracteristices of the
Type C boards. Since two fixes only could be displayed on the Type C boards,

the printed copy display wos maintained to provide a complete two-sector
enviromment,

The arrangement of the flight-data messege on a single row of
indicators, as illustrated in Fig. 3, was different from the familiar flaght
progress boerd format. Although certain assumptions were made a8 to the
functions of the board that would be performed automatically, the C boards
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uged 1n these tests were not fully automatic. In particular, the sutometic
resequencing entalled a series of pushbutton operations by the controller.
The entry of new or revised data by the controller and the transmission of
guch data to the computer also involved more pushbutton menipulation than
would be considered desirable in an operationel environment. What might ap-
pear to have been excessive pushhutton operation actually contributed to the
flexibility of the C boards under different test conditions. An asutomatic
tebular displey obviously would sacrifice such flexab:ility for simplicity of
operation.

8ince each board was limited +o the equivalent of ten flight
progress strips, & real-time comparison of the automatic display versus &
menual board was not possible, In spite of this limataticn, & subjective
evaluation of the operstional suitability of such a display was made over a
period of two months., The conclusions reached were as followd:

1. It 1s assumed that the electromechenical ndicators of the type
developed for this project are as small in frontal area as the state-of-the-
art permita. In the display area, these indicators occupy a space 1 3/4
inches high by 5/8-inch wide. With the most efficient display of the flight
progress strip information posted 1n a present-day sector, the displaey area
reguired would be 6 feet high and 20 feet long. This assumes 5 bays which are
4o rows high and 60 indicators wide each, with edditional space requared for
pushbuttons, laghts, and so forth. From the standpoint of useful size, such
a display 1s not practical. Present-day flight progress boards have a
d:splay area 2 1/2 feet high and 3 1/2 feet wide,

2. Even with the simple pushbutton operations built into the Type C
boards, the controller is reguired to spend an eppreciable amount of time re-
sequencing and entering data into the display. This points out the require-
ment that, in & tebular display of fix-posting information, automabic
resequencing should be used in accordance with time or altitude or whatever
bagis 18 used for control. In addition, controller effort reguired for en-
tering data into the display or back into the automatic system will be an
extremely important criterion in evaluating automatic systems. In line with
the above statements on automatic resequencing, another logical conclusion
follows: this type of operation should be permissible on the part of the
traffic controller rather than fully automatic., In this wvay, the arrival of
new data destined for posting could be indicated by a flashing light, or dise-
played in an abeyance section until the controller, by operating a pushbutton,
indicated his reediness for 1ts insertion. In the Type C dilsplay board, re-
sequencing is performed serislly, one row at & time, Although each row may
be trenmsferred in parallel to another row, it regquires 1.5 seconds for esch
tramsfer., This mears that several seconds will bte required for a simple
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resequencing, and if a mew fix postang 18 to be inserted in the middle of a
board, 1t would requirc the laddering of from 1 to 20 rows of data to 1nsert
a single new flight, Although this delay could be evcided by mass storage
end full parallel insertion, 1t appears that such an approach would be far
too costly and complex for this type of displey.

3. The operational trials demonstrated that an outstanding feature of
the Type C boerds, vhen used to display flight-progress information, 18 their
abi1lity to accept automatically a message containing revised estimates for a
posted flight and to find automatically the corresponding posting in the dig-
pley and substitute the new information for the old. Another eadvantage of
the Type ¢ boards 18 the ability to alter any portion of a displayed message
without disturbing or retyping the remainder of the message. Although the C
boards provide for a buffer-row imput with subsequent trensfer to the desired
row, 1t would be desirable to type directly into the message row to be altered.
A keyboard speed greater than 7 wpm would be desirable provided that the
typed characters were displayed before the succeeding key was operated, Still
other advantages of the Type C daspley boards follow. Any displayed message
may be transmitted to a specific destination by simply altering the address
code and operating the tramsmit button. The displayed message on the trans-
mitting C board remaina undisturbed by this action. The equipment 1s capable
of operating speeds up to 1,000 wpo.

Typed Flight Progreas Strap Tests.

The testing of & digplay system using printed flight progress
s8trips was carried on during the wainter of 1655 and the spring and summer of
1956. The arrangement of the test environment essentially was the same as
in the tests of automatic tabular displays. The principal difference existed
1n the display units., The air traffic control test areca was the same two-
sector arrangement of the Terre Haute and Indianapolis sectors. The displays
were standard flight progress boards. The flight progress atrips were
produced by teletypewriter machines that hod been modified slaghtly.

Each printer was equipped with a gprocket-feed platen to permit
the hendling of continuous fanfold perforated flight progress strip stock,
Fig. 9. Each sector utilized +wo printers, One machine was fed a bufl-
colored stock of flight progress strips while the other machine used a green-
colorcd stock. The sole purpose of the dual-printer arrangement was %o
provide the direction-of-flight indication by color of strip. Firgure 10
shows that part of the equipment arrangement which differed from the
configuration shown in Fig, 8.

Three methods of operation were evaoluated in the tests of typed
flight progress strips:
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1. An originel flight progress strip meesage in teletypewriter format
was prepered by the sinulated computer for each fix in the two-sector area
thet lay on the designated route of flight. These messages were routed to
the proper sector (HUF or IND) mnd to the appropriate printer within the
sector (buff or green paper stock) by insertion of a special teletype ad-
dress. The messages were transmitted to the magnetic drum for storage, and
were retransmitted to the display at the designated leadtime. Faictartious
position reports were entered by the controller and transmitted via the po-
gi1tion report input device to the simulated computer. GSee Fig. 1l. These
poeition reports were utilized in the computer to update the stored infor-
mation on subsequent f1x postings. However, no attempt was made to provide
the controller with revised flight data once the original flight progress
strip was typed, Figure 12 offers & comparison between printed and written
gtraips.

2. The second method of operation invelving typed flight progreas
strips called for the trangmission of & revised flight progress strip for
each T1x posting subsequent to the fix reported, The revised strip wag
placed 1n proper sequence on the flight progress boerd, and the original
strip was discarded.

3. The third method wazs identical to the second ex¢ept thaet the revised
Information appeared on the typed strips in red print.

The teletypewriter printers were modified to provide & ribbon shift
that could be actuated by a teletype spmbol. A two-color ribbon was used.
See Fig. 10. The normal flight deta were printed in black and revised flight
data were printed in red. In the composition of a revised flight-date message
by the simulated computer, each revised group of data was preceded by a tele-
typevriter symbol "N," which, when received by the printer, caused the ribbon
to shift to red. The revised group was followed by the teletypewriter symbol
"V," which returned the ribbon to black,

The appearance of the red printing on a flight progress strip
conveyed two significant facts to the controller., TFirst, the red printing
indicated that the strip was intended to replace a previous strip on the dis-
play. Second, the groups shown in red type were the actual items that were
changed from the previous printing,

Ag in the previously descraibed portions of this test, the position
report Iinput device served as a means of providing the computer with current
position information upon which subsequent revisious would be based. For the
Tirst method of operation, printing original strips only, traffic semples wWere
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prepared which would provide a random flow of aireraft through the HUF and
IND sectors with fix postings et each of the fixes currently in use in the
Indianapolis ARTC Center,., Thege fixes were:

HUF Sector IND Sector
LAF OKK
HUF D
PV XX
EVVv SCJ
HAL
XCR
XRS5

Teletypewrlter Printer Speed Tests.

Flights were introduced by copying directly from the sample onto
the 1ndividual computer forms, simulating the date transfer from the ob-
gserver in the normal center. The rate of entry into the problem was
regulated by the operating capacity of the computer sectaion.

The completed computer form, with estamates for each fix in the
two-gector area, was given to one of three teletype positions. All messagea
were addressed to a single teletype printer, and allowed to print out on a
continuous log. A measurement clock was started at 1200, and the clock time
wag entered on the output log every 10 minutes. It was necessary to stop
the problem at two different intervals during the operation., Each time the
clock was stopped, however, the switching center was not mnterrupted. Since
& backlog existed in the switching center during moat of the test, the
orinter continued to print during these interrupted clock times. This ac-
cotnts for the high message count during two of the ten-minute pericds,
Thege are indicated by en esterisk in Table II.

From these tests 1t was shown that the maximum output of & single
T5-wpm printer is approxamately 25 flight progress strips per 10-minute
reriod, or about 2 1/2 gtrips per minute, GSince the rete of producticn was
maintaining a constant backlog in the switching center, 1t 1s apperent that
the simulated camputer was producing something 1n excesa of 150 flaght prog-
rese strips per hour, All available figures on actual strip count in the
Indiepapolis Center at that time feiled to show any B-hour period wherein
the average hourly etrip count for the two sectors, HUF and IND, reached
100,
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TABLE II

FLIGHT FROGRESS STRIP PRINTING - ONE PRINTER

Qutput Interval No. of Strips Printed

1200-1210 5

1210-1220 21

1220-1230 26

1230-1240 25

1240~1250 35% (clock stopped approx. 4 min.)
1250-1300 23

1300~1310 26

1310-1320 36* (clock stopped approx. & min.)
1320-1330 27 (last message typed at 1328)
1330-1340 26

1340-1350 10 (last message printed at 1343)

Simulated Computer Output Test.

In order to arrive at a better measure of output of the simulated
computer, additional tests were conducted, In these tests, two printers were
used as the output of the computer. All messages destined for the HUF sector
were addressed to the printer, and all measages Ffor the TND sector were di-
rected to another printer. It was btelieved thet this division would teke
care of the backlog encountered in the first test, Also, In order to provide
a more realietic input, the flights were phoned in from a position in the
swlitching center., A sample consisted of 100 flights.

Operating Conditions,
Measurement clock was atarted at 0900.

Phone and copy completed at 1012,
Completed except for “times" -~ 1013,
Estimated - 101k,

Typed and transmitted - 1025,
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TABLE IIX

FLIGHT PROGRESS STRIP PRINTING - FOUR FRINTERS

Qutput

Interval HUF T Total
0500-0910 3 2 )
0910~-0920 14 12 26
0920~0930 1k 13 27
(930-09L0 15 23 38
0940-0950 16 17 33
0950-1000 12 20 32
1000-1010 19 17 36
1010-1020 17 20 37
1020~1030 12 14 26

— —— ——r——

Totals 122 1308 260

The average output for the period 0930-~1020 was 35 etrips per lO-minute
period, or 210 strips per hour for a two-sector operation. This test wes
importent to establish the fact that the system could function in e real-time
environment, thereby adding to the valadity of the results. Available peak-
day traffic figures in the Indianapolis ARTC Center showed that at this time
the 8-hour average for either of the two sectors under consideration had not
exoceded 50 flught proarecs gtrips per hour.

Complete System Teats.

During the complete system tests, every effort was made to provide
rcalism and a real-time environments Several different traffic controllers
were used to provide a diversified opinion, but due to lack of manpower, 1t
was not possible to make a one~to-one comperison with handwritten strip
techniques for the same traffic sample at the same time,

The following analysis of each type of operation is based upon the
subjective opinion of the traffic controller personnel who participated in the
tests. Comparisons were made based upcn past experience and Judgmnent.
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Method I - Original strip preparation only.

Advantages:

1. Better legibility,
2., BSaving of asalstant controller time,

Disadventages:
1., None.

Method TI - Printing originel and revised strips (seme color).

Advantages:

1. Saving 1n coordination time.

Digndvantagess

1. Confusion between old and new atrips.
2, Time required to replace old strips wilth new.

Method III - Printing originel and revised strips (revisions in red).
Advantagea:

1. Revieions may be detected eamsily,
2. Saving in coordination time.

Disadvanteges:

1. Time required to replace old strap with new.
2, 014 ETA data not availzble on new strip for comparison,.

A general analysis of the controller's input device used for
gending position reports indicated that there were too meny keya to operate
end thet an adding-machine-type keyboard with display would be better.

CONCLUSIONS
Immediate improvement in eir twreffic control may be reslized from

& gygtem of encoding and processing tabular flight deta. Such & system should
include:
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a., Input devices to compose flight-date messages in language
end formet competible with data-processing equipment.

b. Electronic computers to process the data and direct it
to the display.

c. Programs within the computers to permit utilizeticn of
the stored data for confliction-gearch and flow-control
routines,

d. A communicetions system with the capability of providing
on-line service from the input devices to the computer,
between computers, and from the computer to the display.

e. Printing devices for the preparation of typed flight
progreas gtraps.

An automatic tabuler display 1s required to permit updating of
dieplayed data by the computer. Although the emount of tabuler data to be
displayed will be reduced as improvements are made in pictorial displays,
there will remain a requirement for some form of display of tabular flight
datae. To exploit fully the capabilities of the electronic date processors,
the tabular display should be eutomatic. Experience with electramechanical
indicators in their present state of development revealed that the required
amount of tebular deta could not be condensed sufficiently to provide a
workeble display for a controller. It appearsg that en electronic dlaplay, in
the form of a direct-view, cathode-ray tube or a projection on & screem,
would be an acceptable method of presenting tabular flight data,

The implementation of the basic data-processing system described in
this report would eccomplish several major objectives. It would:

a, Provide immediate relief in & eritical srea by reducing
the clerieal workload of contreller persornnel,

b. Aid in further defining the data-processing problems
anticipated in a complete system implementation,

¢, Acquaint the traffic controllers with the capabllities,
a3 well ag the limitetions, of automatic deta-processing
devices,

d. Provide a firm basis for expansion of the system in more
advanced techniques for data gathering and processing,

RECOMMENDATIONS

It is recommended thet:

1. 4An operational computer enviromment be created as scon as possible,
condisting of at least threc adjacent ARTC Centers, each equipped with digital
computers and having the following operational characteristica:
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a, The ability to eccept flight deta automatically via a
teletypewriter input (either menually prepered tape, or
from the flight-plan input device).

b. Adequate communications links between computers to permit
automatic exchange of flight data.

¢. Automatic input from controller's position-reporting device,

d. Automatic output to printers located et the peosition of
operation 1m the ARTC Centers.

e, BSufficient computer storage to permit retention of the com-
puted flight preogress strip for other routines such as
confliction search, cleck readout, updating, and so forth.

2. The investigation of flight-data camputer outputs continue along
two lines:

a, Automatic cathode-ray tube presentation of tebular flight data,
wilh provisions for automatic updating, sequencing, confliction
detection, and so forth, The development of the autometic
di1splay also entails the develomment of an edequate means of
"backup" or providing the controller with "hard copy” an the
event of equipment failure.

b. Automatic pictorial display of moving tergets whose course
and speed ere determined originally by the input of filight-
plan date, and subsequently corrected by periodic position
reports trensmitted to the computer from the controller input
device,
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