FINAL REPORT
AIRWAYS OPERATIONS EVALUATION

CENTER ACTIVITIES

TECHNICAL DEVELOPMENT REPORT NO 413

166

Federal Aviation Agency

Bureau of Research and Development
TEST AND EXPERIMENTATION DIVISION

Atlantic City New Jersey



This report has been approved by
the Director, Bureau of Research &
Develowment, Federal Aviation Agency
Since this 15 a technical information
report the contents do nol necessarily
reflect the official FAA policy 1in all
respects, and 15 intended only for
diztribution withan the Fedsral
Aviation Agency. Trm——
e T Al 4o




FINAL REPORT
ATIRWAYS OPERATIONS EVALUATION
CENTER ACTIVITIES

TECHNICAL DEVELOPMENT REPORT NO. 413

Prepared by Russell M. Andrew and Kenneth T. 0Ostrand

Reviewed by: QéizgummAg 0{ 252:2%;n4znvvhz

Chief, Approach and Landing
Systems Section

Approved by

rg

cntef, Evaluation Branch Director

November 1959

NATIONAL AVIATION
FACILITIES EXPERIMENTAL CENTER
Atlantic City, New Jersey



FEDERAL AVIATION AGENCY
National Aviation Facilities Experimental Center
Atlantie City, New Jersey

November 4, 1959

RD-444 : RMA

Director

Bureau of Research and Development
Federal Aviation Agency
Washington 25, D. C.

Subject: Final Report on Technical Development Center
PTOJeCt 59 730 and AMB Project SA-1-111,
Titled "Alrways Operations Evaluatlon Center
Activities"

Dear Sir:

Prior to the discontinuance of the Technical Development
Center at Indianapolis, Indiana, 1t was decided to summarize
the work accomplished by the Alrways Operatlons Evaluation
Center in a report.

The final report, Technical Development Report No. 413,
titled "Airways Operations Evaluation Center Actaivities,’
i8 herewith enclosed.

Sincerely,

P

William 5. Cowart, Jr
Director

Enclosure - 1

Coples to:
Director (1 Copy)
Development Division (5 Copies)
Operations Analysis Divasion (2 Coples})
Systems Analysis Divislon (2 Copies)



ABSTRACT
PURPOSE

SUMMARY

TABLE OF CONTENTS

INTRODUCTION

FUNPING AND PERSONNEL . . . . .

PROJECT TASKS

a.

b.

Panoramic Operations (PANOP) Display
Rockville ADC Radar

Narrow-Band Transmisslon Systems

(1) Chicago

(2) Indranapolis

(3) New York

NEW YORK TEST OF IATRON PROJECTION DISPLAY

COCRDINATION DEVICES

a.
b.
C.

d

Light Guns . . . . . . . e
Inditron Tube Coordlination Device
TV Marker Coordination Device

Closed-Circuit Television Test

STRIP PRINTING DEVICES .

a.

b.

Ditto Model D11 Duplicator . .
IBM Cardatype System
IBM-650 Computer

IBM-650/RAMAC Computer

Page

oo~ g 3 E oW

10
10
10
11
13
13
14
16
16

17
18

18
19
21



TABLE OF CONTENTS (Cont'd)

FEASIBILITY OF USING A COMPUTER IN THE CENTRAL
ALTITUDE RESERVATION FACILITY .

SCAN-CONVERSION (TI-440) EQUIPMENT

a. Superimposed Panoramlc Radar
Display (SPANRAD)

, b. Twenty-Two-Inch Horizontal Displays

VERTICAL TV MONITORS

KELVIN-HUGHES RAPID- PHOCESSING PHOTOGRAPHIC
PROJECTOR . . . .

TIME-SHARED DISPLAYS . . . . . . . .
VFR FLIGHT ADVISORY TESTS .

ROOM LIGHTING STUDIES . . . . . . . . . .,

ARTC CENTER ROOM LIGHTING . . .

FLIGHT PROGRESS BOARDS . e e e e e e
FLIGHT PROGRESS STRIP HOLDERS . .

TARGET MARKERS . . . . e e e e e e
CONVEYORS FOR FLIGHT PROGRESS STRIP HOLDERS . .
TRAFFIC FLOW STUDIES . . . ..

INTERPHONE COMMUNICATIONS EQUIPMENT . . . . . .
ATIR/GROUND EQUIPMENT

AIR/GROUND ANSWERING DEVICE . . . . . .
MICROWAVE LINKS

SOUND-SUPPRESSION TESTS IN THE INDIANAPOLIS ATCS
TRANSISTORIZED REGULATED OUTPUT AMPLIFIERS

Page

21
22

23
23
24

26
28
29
29
31
31
33
34
35
35

38
39
4o
41

43



TABLE OF CONTENTS (Cont'd)
Page
Controller-Computer Updating Equipment . . R 11

BIBLIOGRAPHY . . e . c e e e e . 47



LIST OF ILLUSTRATIONS

Panoramle Display in Alr Traffic Control

Flight Markers Wlith Paper Inserts and
Strip Marking . . . . . . e e s e

ATC Displays and Communicatlions Consoles

Operating Equlpment, ARTC Decentrallzed Sector,
Rockville, Indiana e h e e e e a e . v e

Radar Projection Heads . .

Iatron Radar Projection Display . . . . . . .
Kelvin and Hughes Photographic Projection Unit
Kelvin and Hughes Display on Panoramlc Board .

Time-Sharing Radar Display on SPA-8 Indicator

Time-Sharing Radar Display on UPA-35 Indlcator .

IA-1 Flight Progress Board Indianapolis ARTCC
Prototype Flight Progress Board . . . . . . .

Bell Laboratory (Dreyfus Designed) Flight
Progress Board . . . P r e e e

A-3 and Mcdified A-3 Flight Progress Beoards .

Scan-Converted Radar Displays In-Line With
A-3 Beoards . . . s s e s .

"Island-Type" ATC Display . . + « ¢ o o o
High Altitude Control Sector - Indlanapolis .
Automatic Flight Progress Strip Loader . . . .
Plastic Flight Markers on Radar Display . . .
Trafflie Volume Chart Indianapolls Area . . .

Interphone Patching Panel . . . . « . « « + .

Figure

W

o o~ O o F

10
11
12

13
14

15
16
17
18
19
20
21



LIST OF ILLUSTRATIONS (cont'd)

Figure
Alr/Ground Patching Panel . . . . . +. +« « &+ « &« + . 22
Broadcast Booths After Acoustlcal Treatment
Indianapolls ATCS . .« & & v & ¢ &4 4 o & o o o & 23
Regulated Output Amplifiers . . . . . .« . . « . . . 24
Prototype Controllers Input Device to Computers . . 25
Two Confligurations of Controller Updating
Equipments . . . . « .« . . . e e e e e e . 26
Proposed Keypack Conflguration . . . . . . . . . . 27
LIST OF TABLES
Table

Measurement of Noise Patterns . . . . « + &+ « « .+ . I



ABSTRACT

The various equlpments, processes, methods, and
studies performed in the Alrways Operatlions Evaluatlion
Center, under projects asslgned by the Alr Navlgation
Development Board and the Alrways Modernlzation Board,
are summarlzed in this report.

#



PURPOSE

The purpose of thls report 1s to publish information
on the activities of the Alrways Operatlons Evaluation
Center of the FAA Technical Development Center at
Indianapolls, Ind. Those activitles covered 1n Technlcal
Development Reports are referred to briefly. Other
activities are described in more detaill, with illustrations.

SUMMARY

, This report reviews the hilstory and accomplishments
of the Airways Operations Evaluatlon Center from its be-
ginning in January 1953 until i1ts closing 1n April 1959.
Each of the major project tasks of the Alrways Operatilions
Evaluation Center 1s described. A bibliography of tech-
nical reports resulting from these activities is included.
The project tests not covered by separate reports are de-
scribed 1n more detall, with 1llustrations. Also included
is a summary of the funding and personnel assigned to this
program.



INTRODUCTION

In 1952, a project was proposed by the Civil
Aeronautics Administration (CAA) for the establishment of
an Alrways Operations Evaluation Center (AOEC) at
Indianapolis, Ind. The purpose of this facillity was to
permit operational testing and evaluation of new navigation
and alr traffic econtrol equipments 1n a laboratory-type
facility. On January 14, 1953, the Alr Coordinating
Committee approved the proposal. In this approval was a
stipulation that the Air Navigation Development Board
(ANDB) would provide funds to construct quarters and fi-
nance the project, which was designhated as ANDB Project 1.4,
At the outset, an environment including an Alr Route Traffic
Control (ARTCj Center, an alrport traffic control tower, and
an alrways communicatlons statlon were to be operated as one
comblned facllity. The program was started early in 1954
when the Adminlstrator of the Civlil Aeronautics Adminls-
tration produced a revised plan in which the AOEC would be
a part of the Technical Development Center (TDC) and be
constructed near an operating ARTC Center. Since the Center
nearest TDC then was located at Cincinnatl, Ohlo, 1t was
declded to use the Clnelnnati Center's area for the AOEC
environment and move the Center to Indianapolis, for the
followling reasons:

1l. The AOEC would have access to all of the facilitles
and technical manpower at TDC.

2. The air traffic in the Cincinnatli Center's area
was a good, representative sample. It was not so heavy
that experliments would be 1mpeded, nor so llight that the
results would net be valid for high-density locatlons.

3. The ARTC area was surrounded by seven other ARTC
Center areas

4. There were three major military bases located in
the area, some equipped totally with Jet alrcraft.

5. The location was near Wright-Patterson Alr Force
Base (AFB) where several groups, including TRACALS, were
engaged in alr traffic control development and evaluatlon
programs.

6. In addition to the military bases, there were
several moderately large civil alr terminals served by air
carrier aircraft.



In the plan, the Indlanapollis ARTC Center operated
independently of the Technical Development Center but was
staffed to provide rotation of control personnel into the
testing laboratory of the AOEC when 1t was deslired to
contrel live flights operating under instrument flight
rules,

Untll deactivated in April 1959, the AOEC was active
in developing and performing system evaluation of air traf-
fiec control equipment and procedures for centers, towers,
and communications stations. Some of the equipments and
techniques have been evaluated also 1n the New York,
Washington, Boston, and Chicago areas.

This report was prepared to provide a summary of all
project tasks undertaken by the AOEC and some detalls on
those tasks not included in other Technlcal Development
Reports. Detailed descriptions and illustrations have
been omltted on the project tasks which are covered in
separate reports.

FUNDING AND PERSONNEL

Project tasks and appropriatlons for the AQEC were
provided by several sources. During Flscal Years 1952
through 1955, all project tasks and funds were supplled by
ANDB. Since Fiscal Year 1955, funding was obtained from
the Alrways Modernization Board (AMB), the Operation and
Regulation SO&R) Budget of the CAA, and the Federal Aviation
Agency (FAA}. During this latter period, project tasks on
in-service i1mprovements were generated elther within TDC cor
from the various operational, maintenance, and installation
offices within the CAA. The longer-range programs were
developed in cocperatlon with the AMB and the Alr Force's
TRACALS actlvities at Wright-Patterson AFB. An approximate
breakdown of expenditures 1s shown below by flscal year:

Fiscal Year Total Expenditures
1952 162,600
1953 62,000
1954 93,900
1955 420,500
1956 1,250,000
1957 717,000
1958 1,114 000
1959 767,400
Total { 4,587,200



Approximately 1 million dollars of the above total
was provided by the Air Force to establish certain radar,
microwave link, and display facilities Approximately 30
personnel, not including personnel Irom the Indianapolis
ARTC Center, were actlive in this program. The complement
was arranged in a team concept, including engineering and
airrway operations specilalists, This brought into each
project task closer ccordination of the technlcal and
operational aspects of the problems.

Close cooperation was maintained during the AQEC
program with the Alr Force and Navy activities in the air
traffic control field. A coordination team, including
personnel from the Air Force's TRACALS group at Wright-
Patterson AFB, AMB, and TDC, developed many of the program
tasks and arranged for loans of equipments.

PROJECT TASKS

a. Panoramic Operations (PANOP) Display. One of the
initiel tests to be made in the AOEC was the use of a pan-
oramirc operations (PANOP) display, shown in Fig. 1, using
a large-scale horaizontal radar plotting table on which
radar data were projected from an coverhead projector. 1In
the beginning, the dilsplay was on a horlzontal table large
enough to permit the use of variable gcale maps from 2 miles
per inch to 5 miles per inch. On this table top, the navl-
gational map, similar to a Coast and Geodetic RF chart, was
displayed by use of Chart-Pak tape, outlining the airways
and the VOR navigational facilities. Attached to the table,
or on portable consoles, were communications facilities.
These included interphone 102A key boxes and recelver and
transmitter air/ground radio controls. Enough interphone
lines were terminated 1n these boxes to permit communication
wlth all the agencies that would supply informatlon to the
particular sectors belng simulated or controlled from the
panoramic table. Alr/ground communications included re-
ceivers and transmitters for frequencies used by civil,
military, and air carrier aircraft. Emergency frequencles
alsco were available.

The testing on the PANOP was simplified by using only
two sector areas of the Indianapolls ARTC Center. In thils
arrangement, two controllers, two asslistant controllers,
one coordinator, and one radio air/ground operator were
used (Fig. 1) 411 of these controllers were part of the
normal ARTC Center complement. In addition, personnel from
the Technical Development Center assigned to the AQEC project
assisted in the coordination, wrote the test program,



provided the equipment, suggested procedures, collected
test data, studled the results, and prepared reports and
recommendations on the test program.

The PANOP evaluatlon was carrled out to determine 1ts
feasibility for combinling tabular flight informatlion with
radar Information. Small metal markers with paper inserts
on which flight information could be written 1in abbreviated
form were used. Only one insert was prepared per flight,
whereas conventional flight strips would average approxil-
mately four per flignt. Figure 2 shows the flight progress
insert in a metal marker. Space for four estimates and
four position reports was provlided on each strip.

PANOP tests were made both wlith and wilthout radar.
The first tests were restricted to radar flight-following;
then flight-following without radar was evaluated to prove
that the system was fail-safe in the event of radar failure.
Without radar, the markers were moved as tlme progressed.
The study included an analysis of communlcations workload,
both alr/ground and point to point. Initially, measure-
ments were made by simulating communication workload, then
by communicating with VFR flights, and finally by per-
forming all of the necessary air/ground communications with
IFR flights. Measurements also were made of the humber of
flights that could be handled by one controller and cone
assistant, including the moving of flight markers and of
scanning the board for conflicts.

After several weeks of simulated control and flight-
following, actual control was taken over on VFR days. This
actlvity gradually 1lncreased 1in scope and into lncreaslingly
inclement weather condltlions. ASR-2 radar was used 1n some
cases for flight-followlng; however, control was based upon
standard time and altltude separation. When radar infor-
mation was used for flight-followlng, 1t was projected onto
the pancoramlic board through a Norelco TV proJector and the
SRD-1 bright tube display equipmentl (Fig. 3; The primary
radar informatlon was supplied by the Indlanapolis ASR-2
radar.

From questionnalres answered by the controllers, and
data collected during the evaluation tests, the following

conclusions were reached:

1. The panoramlc display is more tiring to use than
flight progress hoards.



». In a PANOP operation, the asslstant controller
can give more asslstance to the controller since has
clerical workload 1s less.

3. It was more difficult to spot potential
conflictions on the panoramilc display.

4, The panoramic display could be used without radar
for controlling instrument-flight-rule traffic, 1f necessary.

a. Rockville ADC Radar*' Since radar is employed for
alr defense as well as Tor air traffic control, the Air
Force and the CAA agreed that an evaluatlion should be con-
ducted to determine the feaslibility of using defense radars
for ATC purposes. Surveys of a number of Air Defense
Command (ADC) radar sites were made 1n the coastal area
from Norfolk, Va., to Boston, Mass.? It was obvious from
thls survey that certain differences in operation of radar
equipment by ADC and the CAA, due to the nature of their
migsions, made 1t desirable to evaluate an actual joint-use
operation. Accordingly, a project task was planned and
activated in 1955 on the Jjolnt use of the ADC radar site at
Rockville, Ind., a site 60 miles west of Indianapolis. To
expedite the evaluation, the Terre Haute sector of the
Indianapolis Center was decentralized and operated at the
Rockville silte.

To initiate the task, coordination with the milltary
agencies, letters of agreement, procedures for operation,
advisories to Ilndustries, and operations letters covering
a decentralized operation were required. The CPS-6B radar
data at Rockville were remoted by cables from the ADC con-
trol room to quarters in a vacant barracks where the de-
centrallized ATC sector was established. During the period
that the radar remoting equipment, communications equlpment,
flight progress boards, and radar displays were being in-
stalled and tested (Fig. %), personnel from the Indianapolis
ARTC Center and also from the Technical Development Center
were trained, first in the TDC simulator and then in the
AOEC environment, for the type of operation that would be
carried on at Rockville.

The Rockvlille decentralized sector controlled IFR
traffic from March 19, 195, to June 30, 195 . During this
period, traffic was controlled 16 hours per day, 5 days per
week. In the beginning, the decentralized sector was quite
small, including only that area surrounding the Terre Haute
terminal. Later, this was expanded to inhclude %the



Lafayette terminal and the intervening space between
Lafayette and Terre Haute.

The equipment used for displaying the radar information
at Rockville included an SPA-8 plan position indicator
(PPI), a scan-converted General Precision Laboratory (GPL)
TV projectlion display on a panoramic board, and an Iatron
display projected on the same panoramic board (Figs. 5 and
6). Neither the GPL nor Iatron projectlion unilts proved to
be succesgful in this test and were not used for actual
contrcl of traffic for more than a few hours. The reasons
these systems were not acceptable are explained in another
sectlon of this report.

The conclusions from operating a decentrallzed sector
using the Rockville ADC radar were:

1. The coordination per flight handled by the remote
sector was estimated to increase from 20 to 40 per cent.
This necesasitated additional facllitlies for coordinatlion
and flight data transfer.

2. Additional radio equlpment was necessary to handle
the direct communicatlons.

3. The personnel complement was somewhat larger per
flight handled because of radar control, radio
communicatlons, and the ilncreased coordination.

4. The additional position reports and the
requlirement for changing frequency added to the pllot's
workload.

5. Rockville base security regulatlions made 1%
necessary for all personnel to have a clearance and an
identification. This eventually was reduced to a routine
but nevertheless, was a continual annoyance factor. All
securlty clearances had to be sent to Division Headquarters
which, 1n turn, forwarded them to Rockville,

6. Planned or surprise countermeasures agalnst
operation of the defense radar interfered with the ATC use
of the radar data during such attacks.

7. The particular ADC radar equipment was not 1deally
sited for ATC purposes. Moving target indicator (MTI) was
never available, ground clutter was a serious limitation,
and radar coverage over the lmportant nearby reporting
points and alrways was unsatilisfactory.



8. The pradar system was unusable more than 10 per
cent of the time to perform routlne and correctlve
malntenance

9. The Base Commander and all Intermedlate
authorities were instructed by ADC that the ATC function
was not to "interfere" with the defense misslon. Although
all concerned were cooperatlve, the absence of complete
understanding and the reluctance of the military author-
1ties to be responsible for 1interpreting the degree of
possible compromise to the defense mission prevented full
use of the radar's capabillity for alr traffic control.

¢. Narrow-Band Transmissicn Systems: To meet the
requlrement exlsting for the economical transmission of
radar information from remote sites 1n the Indianapolis
area to the AOEC, a narrow-band transmission system and
equipment known as RAFAX was leased from 1ts manufacturer,
Haller, Raymond and Brown (HRB). The RAFAX first was
tested as a slowed-down video (SDV) equipment to transmit
secondary radar from Wright-Patterson AFB to the Technical
Development Center, Indianapolis. Thls test was operated
during April and May, 19%, the results of which were pub-
lished in another report.3 The report recommended the use
of the beacon and devices such as RAFAX to remote beacon
position data to provide immediate assistance to the high-
altitude traffic control system

During Fiscal Year 1956, the AOEC procured a variable-
parameter RAFAY system for extended tests of this device
for transmitting radar information. Briefly, this system
converts radar video to a narrow-band signal in the audio
range. Thls bandwidth reductlon 1s accomplished by storing
the radar video on an intensity-modulated cathode-ray tube
(CRT) with a J-type sweep. The CRT is scanned mechanically
through an optical system and phototube. The bandwidth
reduction is a function of the ratio of the writing rate
on the CRT and the mechanical read-off rate. The radar
azlmuth and trigger information is combined with this
narrow-tand video and relayed over a single telephone or
radio channel. A special indicator using a 12-inch CRT
at the recelving end of the line displays the video at the
slowed-down rate. 1In addltion to being able to display
radar 1nformation on a cathcde-ray tube at the receiving
end, 1t also 1s possible to record the compressed signals
on magnetic tape and hence retain the radar information for
reproduction at some other time. The RAFAX equipment was
tested at Chicago, Indianapolis, and New York. The tests
are covered individually in the following paragraphs.



(1) Chicago: During October of 1956, a RAFAX
encoder and RAFAX decoder indicator were tested as linkage
between the FPS-8 radar site on West 63rd Street, and the
ARTC Center located 1 mile away on Central Avenue., Filter
networks between the encoder and decoder were used to sim-
ulate the various line characteristics and lengths During
these tests, slowed-down scan rates of 30, 60, and 120
scans per second were tried. By changing the frequency of
the video carrier, resolutions of 100, 200, or 300 elements
per scan could be obtained Photographic comparlisons were
made between the indicator of the RAFAX and the 0A-399
indicators of the FPS-8 radar.

(2) Indisnapolis: During the Indianapolis test
in the AQOEC in April 1957, the ASR-2 at Indlanapolis and
the CPS-6B Rockville data, remoted to Indlanapolis by micro-
wave link, were encoded by the RAFAX and fillters simulating
different line characteristics were tested. Various dis-
plays, including PPI's and projected radar through the GPL
and Iatron systems, were compared wlth the presentation of
the RAFAX decoder 1ndicator. The targets of aircraft
flying on predetermined patterns were flight-followed by
operational personnel and the quality of target recorded
for comparison. Inh addition to this, subjective oplinions
and phetographlc results were recorded for later study.
The results of these tests did not reveal any outstanding
deflciency 1n the RAFAX operation, although some azimuth
shift existed durlng the tests. Results indicated that a
line bandwidth of 15 ke produced the best presentation and
5 ke was the minimum acceptable for a 100-mlle-radius
plcture and an antenna scan rate of 6 rpm. For a 30-mile-
radius piecture, such as from an ASR-2 or ASR-3 operating
at rotation rates of 26 rpm, the minimum line bandwidth
acceptable was 15 kc.

(3} New York. For several months prior to moving
the RAFAX to the New York area, a test had been conducted
using the Iatron for projecting the New York FPS-8 radar
on a panoramlc display. During this test, 1t was deter-
mined that the area for approximately 20 mlles ocut from

the FPS-8 site was seriouslg cluttered with MTI residue.
The ASR-3 radars used by both the Idlewi1ild and LaGuardia

Towers did not have this problem and hence, the close-in
presentatlon was somewhat lmproved. It was felt that by
blanking out the first 20 to 30 mliles of the FPS-8 radar
and by inserting a display showing the ASR-3 radar, a
composite picture could be presented to the Center control-
lers which would give the controllers complete coverage
from the radar site to the maximum range of the long-range
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radar. To accomplish this, the RAFAX encoder was placed

in the Idlewild Tower and ASR-3 information ftransmitted
over a 1l5-kc telephone line to the ARTC Center at the

other side of the field, approximately 1 mile away. It

was decoded and displayed through a second Iatron projec-
tor. The other Iatron, dlsplaying long-range radar infor-
mation, was blanked out for the first 20 mlles and the
ASR-3 1nformation projected 1n this area of the display.

At the end of 30 days, the RAFAX encoder was removed from
the Idlewild Tower and installed in the LaGuardia Tower.
The distance between the LaGuardla Tower and the Center at
Idlewlld was 9 1/2 miles. Here again a 15-kc line was used
for a transmission medium. The same type of display, using
the insertion of the LaGuardia ASR-3 radar information in

a pattern of 20 to 30 miles near the center of the area
covered by the FPS-8 radar, was used for this test. During
both tests, the RAFAX equipment operated satisfactorily ex-
cept for occcasional azimuth trouble. The RAFAX tests ex-
tended over approximately 60 days, 30 days wlth the encoder
in the Idlewild Tower and 30 days with the encoder in the
L.aGuardia Tower A report of the RAFAX test in New York
was combined with the report of the Iatron test also con-
ducted in New York™. This report also contains
descripticons of the equipments.

After the above-outlined experience with RAFAX, 1t was
concluded that the system was sound and basically trouble-
free. It had two inherent problems, however, that caused
1t to be unacceptable for implementation. The first was
that the resulting display had a picture renewal rate at
the same frequency as the antenna rotation rate. In many
applications, 1t appeared that the ATC application of the
remoted display would not requlre data rates as high as the
antenna rotatlon rate. 8Since this was inherent i1n the RAFAX
design, 1t meant that the remoting circult had to have a
greater bandwidth than required to pass only necessary data.
The second deficiency, which alsc was inherent 1n the RAFAX
concept, was that a special indicator was required to dis-
play RAFAX data. None of existing CAA displays would handle
the slow RAFAX sweep. In addition, because of the long
period requared to display RAFAX data, it was not practical
to mix or time-share this information with normal radar data.

NEW YORK TEST OF IATRON PROQJECTION DISPLAY

After preliminary tests of the Iatron tubes at the
Technical Develcpment Center, the first prototype console
was delivered to the AOEC by the Farnsworth Co. in the
early spring of 19% . This equipment was tested
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operationally at the Rockville decentralized sector in

June of 19%6. After additional tests in the AOEC at
Indianapolis, an improved Iatron display was moved to the
New York ARTC Center in the early spring of 1957. In the
New York Center, the New York FPS-8 radar was fed to the
Iatron and a panoramlc display was evaluated by controllers
in the New York Center This test continued at i1ntervals
over several months At a later date, a second Iatron was
installed 1n the New York Center. During one period, while
two Iatrons were avallable, the RAFAX was evaluated as noted
in the preceding sectlion. At New York, the Iatron projec-
tion indicator provided a 4-foot display on a table de-
plcﬁlng the northwest sector of the metropolitan area from
the three airports out to a distance of approximately 80
miles, At the white table top of the 4-foot display, the
Tatron produced approximately 2.5 foot-lamberts of
reflected brightness.

The 5-i1nch Tatron tube is the foundation of the
projector lndicator and consists of two electron beams, or
guns, one known as the writing beam and the other the flood
beam Both beams are projected onto a fine mesh metal
screen supporting an insulated layer facing the guns. An
aluminized phosphor screen on the back of the metal mesh
becomes the effective display The writlng gun scans the
insulated layer, wnich has a high secondary emission ratio
to the writing beam which deposits charges propeortional to
beam intensity. Since the 1nsulator potential 1s negative
wlth respect to the flood gun, the flood gun electrons
cannot penetrate the insulator. Where the insulator has
been positively charged by the wrlting beam, the floocd gun
electrons are bunched and passed through the aluminized
phosphor screen to form the projected 1lmage. Thus, the
video information which has been written then passes
through the aluminized screen and 1s retained on the insu-
lator until erased. This required that the screen be
erased periodically to prevent accumulation of targets and
clutter to an undesirable level. Various methods of erasing
were tried, from the manual, where the operator erased the
screen at his will by a push button, to a pulsing erase,
varied 1n accordance wlth the rotation rate of the radar
antenna. Durlng the New York tests, it was found that the
Iatron tube needed to be erased once each sweep of the
slow, long-range {6 rpm)} radar. On the higher rotation
rate ASR-3, at least four rotations of the antenna could
be tolerated before erase was necessary.

One of the desirable features of the Iatron projection
indicator was that 1t could be offcentered tTo show any

12



guadrant or portion of radar coverage that was desired.
During the New York test, the northwest departure route
quadrant of the FPS-8 radar was displayed. Early in the
test 1t was found that the MTI circultry on the FPS-8
left a residue that formed a clutter for the first 20 to
25 miles out from the radar site in whileh no airecraft
targets could be tracked. To overcome this noncoverage,
1t was felt that the use of the ASR-3 tower radar, which
had a better MTI system and antenna siting as well as
circular polarization, could be used to fill the gap. The
second part of the test used two Iatrons one coverlng
the FP3-8, but being blanked out for some 20 to 30 miles,
and' another Iatron projection of the ASR-3 data filling
in the blanked-out area with some overlap at the 20- to
30-mile radius from the site, The RAFAX equipment was
used to couple the narrow-band telephone clrcuits to the
Iatron projection unlt usling ASR-3 information from the
Idlewild and LaGuardia Towers.

The evaluation of the Iatron in the New York Center
demonstrated that 1t was not an adequate display for traf-
filc control purposes. Poor target resolution, the lack of
adequate gray scale, and buildup of noilse and clutter ob-
scuring the alreraft targets were the primary deficlencles.
Extreme difficulty 1ln obtaining display linearity due to
the offset writing gun of the Iatron also was obJectionable.
The resHlts are contained in another Technical Development
Report.

COORDINATION DEVICES

a. Light Guns: Light guns are pistol-shaped devices
which can be poinfed at an ailrcraft target to produce an
identification mark on a repeater radar display for iden-
tification purposes. The i1dentification mark 1s trilggered
by a photomultiplier tube energized by the light output of
the target on the CRT. These equlpments were used for co-
ordination devices in the SAGE and VOLSCAN programs of the
Alr Force., Each light gun has independent controls for
regulating the size of the marker and the dlstance that
the marker will be displayed from the radar target of the
alrcraft. Under this program task, the TRACALS group of
the Alr Force provided the original light gun for testing
in the AQEC environment During the summer of 1957, the
light gun was installed 1n the LaGuardla Traffic Control
Tower as a coordination device between the two radar ap-
proach control positions. After several weeks of testing
by LaGuardia Tower operators in the IFR room, it was
determined that;
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1. The gun did not provide adequate resolution
because 1t did not conftain an optical system. Alrcraft
targets dlsplayed close to each other could not be
ldentified indavidually.

2. The photoelectric tube was not protected from
stray light which caused spurious flashlng and reduced
the sensitivity of the system.

3. It was difficult to aim the gun accurately at a
desired target

' Based upon the experience galned durlng the test at
the LaGuardia Tower, a new light gun was designhed and built
by TDC. This new llght gun contained a lens system for im-
proved resolutlon Stray light was elimlnated by mounting
the photoelectrlic tube 1nside the gun with a light-tight
shutter between 1t and the outside port. Also, by pulling
the trigger halfway through i1ts travel, a beam of light
was emitted to show where the gun was aimed. The light
beam was positioned on the desired target and the trigger
then was pulled through the balance of the travel. This
action shut off the light beam and opened the shutter.

When the next scan of the radar passed through the target,
the photoelectric cell was energized and the assoclated
clrecultry caused a rectangular marker to be placed on the
PPT adjacent to and just beyond the range of the target.
Two i1dentical guns were built so that a two-way system
might be tested. Another report gescribes the engineering
development of the TDC llight gun

The two guns constructed at TDC were placed in the
Washington National Alrport Tower IFR room in August 1958
and remalned operational until December 1958 The test
there was not especlally successful due to the fact that
manual coordination procedures had been developed by the
Tower control operators to the peint that electronliec co-
ordination was not needed. getails of this test are
contalned 1n another report.

b. Indltron Tube Coordination Device: This
coordinatlion device was constructed at TDC for an evalua-
tion i1n the Indianapells Center to be used between the
Patterson and Clinclnnati Sectors. By the use of push-
button switches, the controller at one sector could set up
the altitude, i1dentification, and estimated time over of
the flight desiring to overfly the other sector. The
equipment used in this test was contained in a large
aluminum box placed at two sector positions in the ARTC
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Center The boxes measured 30 lnches by 9 1/2 inches wide
by 5 Inches deep, and were connected by cables containing
60 palrs of wires Coded push buttons were used with
Inditron tubes to indicate numerical characters Selection
was made by push buttons and the Indltron tubes on both
ranels were activated from either control position but only
the receiving station could erase the characters. In oper-
ation, sector A selected the desired fix with a push button
which turned on the desired fix light in both sectors.
Sector A then punched in the last three digits of the alr-
craft number, the estimated time, and the altitude desired.
These characters appeared on the Inditron fubes at both
gectors as socon as the buttons were pushed Sector B could
approve or dilisapprove the request by pressing the correct
button If sector B pushed the "approve" button, a green
light was activated on both boards Sector B then copied
the time and altitude onto a flight progress strip and
placed 1t on hls board. When this was completed, he pushed
the erase button, causing all the numbers and lights to
turn off. In the event that sector B pushed the "disap-
prove" button, a red light was activated on both boards
Sector B now made the changes by pushing other buttons to
show a different altitude or time and a "suggested change"
button which released the disapprove button, extingulshed
the red light on both panels, and lighted an amber light

on both sector indicators If sector A pushed the "change
accepted" button, sector B's suggested change was released,
the amber light on both sectors was extinguished, and the
white light appeared at both sectors When the coordina-
tlon was completed, sector B, the receiving sector, pushed
the erase button which caused all numbers and lights to be
extinguished A fail-safe feature was built into thils
egquipment in that corresponding lamps on each board were

in series Parallel connectlons were required on corre-
spondlng Indltrons on each board due to the nature of their
design This egquipment was used 1n the Indlanapolis Center
for several weeks but was not satisfactory for several
reasons;:

1. The equipment was large and took up space reqguired
for other sector activaty

2. The time required for setting up a regquest and

receiving approval was greater than required for verbal
coordlnation i1n most cases

3 Only one flaight could be coordinated at a time
which limited the capacity of the egquipment.
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c TV Marker Coordination Device During the early
part of Fiscal Year 1959, a TV symbol generator was de-
veloped and connected to the TI-440 scan-conversion equlp-
ment 1n order to place a movable target marker on the
television monitor The marker could be moved with a joy
stick operated by the controller to encircle any desired
target which appeared on the display Through circuirtry,
this marker also could be displayed on remotely located
radar displays The purpose of this marker was to reduce
verbal coordinatlion during a radar handoff procedure

The equipment was tested i1n the AQOEC by uslng teams
consisting of both tower and center controllers who simu-
lated radar handoffs under variable conditions, and then
by obtalning subjective opinion, as well as time required,
for the handoff process  On December 15, 1958, thas equip-
ment was made operational between the contrel tower and the
Indianapolis ARTC Center wlth the jJoy stick control located
at the tower for handoffs to the Center of departing
aircraft from Weir Cook Alrport

The second half of this test permltted the controller
at the Center to select either a display of the tower's
ASR-2 radar, or through a mixing panel, the ARSR-1 long-
range radar display. In this case, both radars were being
displayed on the same TV monitor and the selectlion of which
display was most satisfactory was a cholce made by the con-
troller The TV marker was well received and enthuslas-
tically accepted. The detailed results of thls evaluation
are conftained in other reports

d Closed-Circult Television Test Closed-circult
television appeared to offer aid in data transfer and co-
ordination hetween sectors and between towers and centers.
Beginning in September 19%, a closed-circuit television
gystem was 1nstalled in the Indianapolls Center. The tele-
vision system used i1n this test included an 1ndustrial
Vidlcon miniaturized camera manufactured by GPL to the
following specifications- 525 lines, 60 fields interlaced,
resolutlon of 500 lines, signal outputs composlte video
1.4 volts peak to peak, and the modulafted frequency was
0.1 volt across (5 ohms. The television monltor, Type
C317A, was built by Conrac, Inc.

Originally, the monitor was installed on a small table
adjacent to the recelving sector flaight progress boards and
was located at about the same level as the flight progress
strip holders. In order to view the monitor, 1t was neces-
sary for the controller to turn his head away from the
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board, whlech was an undesirable arrangement. To overcome
this problem, the monltor then was moved to a position
above the flight progress board. At the end of a 90-day
test period, a questionnalre was clrculated among the con-
trollers who had worked with the equipment. The following
is a brief summary of the results garnered from the
questionnaire.

1. The closed-circult television system tested was
not adequate to obtaln data on estimates, altitude assign-
ments, actual times over fix, control release information,
or new flight plans

2. Slixty-one per cent of the controllers did not
belleve that the system was adequate for clearing a flight
wilithout prior coordination.

3. The perscnnel were evenly divided 1n thelr
oplnions as to whether a perfectly readable system would
be equal to or worse than an interphone system for
transferring flight data from one sector to another.

4, Approximately one-half of the controllers thought
that the necessary scanning of the monltor required more
time than the transferring of information by interphone.

It was concluded that the 1ndustrial-type, closed-
clrcult television system tested in the Indianapolls ARTC
Center did not have adequate resolutlion for this purpose.
Details of the evaluation are contalned in another
Technical Development Report.2

STRIP PRINTING DEVICES

Several thousand flight progress strips are prepared
dally 1n ARTC Centers to display flight defta to the con-
troller. In the past, these strlips have been prepared by
writing manually on the paper in front of the controller.
Much of the information displayed is repetitive on several
strips. An attempt was made to find a method or equlpment
to reduce the worklcad in preparing these strips by use of
some equlpment for printing the flight data. Equlpments
evaluated in the AOEC program included the Ditto duplicator,
the IBM Cardatype, the IBM-650 computer, and the IBM-65C/
RAMAC computer and printer. The results of these tests
are described in the following sectlons.
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a Ditto Model D11 Duplicator. The Model D11
duplicator by Ditto was an off-the-shelf equipment which
could be procured and, with slight modifications, used to
print flight progress strips. Two Ditto duplicators were
purchased with master writers, and the feed mechanism was
modified to take 1- by 8-inch flight progress strips in
place of standard-size typewriter paper.

A master copy for duplication was prepared by placing
a standard flight progress strip 1n an open slot on the
adapter plate of the master writer and writing in the
flight data in 1ts normal format A hard pencll or a fine-
line ballpoint pen was reqgulred to pick up on the back of
the strip carbon from the master writer roll. This master
strip then was placed on the drum of the duplicator which,
when operated, brought the carbon copy 1n contact wlth one
new flight progress strip each rotation, thereby printing
on each strip the information contalined on the master copy.
These machines were tested in the Indlianapolis, Memphils,
and New York ARTC Cenfters

The conclusions drawn from these evaluations were that
the machine requlred an excessive amount of adjustment to
obtajin satlsfactory operation. Poor positioning of the
blank flight progress strip under the master resulted 1in
excesslve waste of strip material. The flow of fluid in
the Model D11 duplicator did not operate satisfactorily for
the narrow, l-inch flight progress strips, even though the
machine had been modliflied somewhat to provide for this
small amount of fluid flow. PFrequent reloading of the feed
trays and the necesslty to reset the gulde adjustments aft-
er each relcading proved to be so time-consumling that it
was felt that manual printing was more speedy than machine
printing. A detalled report of the evaluation of the Ditto
duplicat8r 18 contalned in another Technlecal Development
Report.l

b. IBM Cardatype System Beginning November 25, 1957,
for a 60-day period, a Cardatype accountlng system was
tested for the printing of flight precgress strips in the
New York ARTC Cenfter During the period of the test, ap-
proximately one-half of the departure flight plans for
flights leaving the metropoliftan area of New York were
printed by the Cardatype machine. This included all of the
departures from Newark Airport and all westbound departures
from LaGuardla and Idlewild Airports. The equipment used
in the test included IBM's 026 card punch, one 858
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Cardatype accounting machine, two 972 auxiliary keyboards,
and two 866 nontransmltting typewriters.

OQutbound flight plans were received in the Center by
Interphone, and the asslstant controller made one flight
progress strip. This flight progress strlp then was pre-
sented to a person operating the Cardatype equipment The
operator selected one card pack, which had been prepared
previously, from a total of 76 packs, and inserted the
pack 1n the input card hopper of the 858 accounting machine.
The operator then inserted the variable information such as
flight identity, type of aircraft, ground speed, and pro-
posed altitude through the auxXiliary keyboard typewrlter.
The Cardatype accounting machine made the required number
of Flight progress strips using information from the card
pack and the information inserted by the auxiliary keyboard
device. The strips were cut from the perforated paper, 1in-
serted i1n strip holders, and delivered to the control
boards It was found that a lead time of approximately QO
minutes was required to handle the proposed departure
flight plan Sinece 15 per cent of the departing flight
Plans were filed with less than 9 minutes, these required
manual handling. The 76 packs that were mentioned pre-
viously represented 76 different preferentlial routes which
could be flown out of the metropolitan area, one card pack
belng required for each route of flight. The conclusions
reached after this evaluation indicated that the accuracy
and readablllty of the system were satisfactory, however,
1t lacked flexibility for variable routes and was too slow
to talke care of the New York departure problems. Detalls
of the IBM Cardatype evaluation in the New York area are
contained 1n another Techn.cal Development Report.ll

¢. IBM-650 Computer: One of the machines evaluated
for the printing of flight progress strips was the IBM-650
computer and associated equipment. Thls equipment was a
product of the Electronic-Accounting Machine Division of
the International Business Machines (IBM) Corp  An IBM-650
was leased by the CAA and installed first 1n the AQEC and
later i1in the Indianapolis ARTC Center quarters. The pro-
gram for thils machine was written during the last half of
Fiscal Year 1956 Personnel from TDC, the Indlanapolis
ARTC Center, and IBM, working together, developed a program
for processing both airways and direct flight plans.
Considerable effort was required to fit the program lnto
the storage capacity of the 650. This programming required
about 2,100 man hours and 7 months to complete.
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The equipment used during the programming and the
first evaluation included four 826 card punch machines,
one 533 input-output unit, one 650 computer console, and
one 407 accounting machine printer

When the programming was completed, and space was
made avallable in the ARTC Center gquarters, the system
was used for the production of flight progress strips for
approximately 8 montnhs, from April until December 1957.
Another reportl2 descrlibes the Indianapolis program in
more detail. During the 8-month period in calendar year
1957 when the IBM-650 computer was being used in the
Indianapolis ARTC Center to process flight plans, an oper-
ational evaluation of the computer was conducted using a
test period from September 5, 1957, to November 5, 1957.
During the test, some of the findings indicated that the
average time for processing a flight plan, Trom the time
1t was received in the Center until the flight progress
strips were in front of the controller, was 4 minutes 21
seconds Since a number of flight plans are in various
steps of preparat:on simultanecusly, a number of other
measurements also are lmportant. For example, 1t was de-
termined that the average interval between the average
flight plans processed by the computer was 7.39 seconds
for arrway flights and 17.32 secconds for the average direct
flights It was indicated that, in the Indianapolls Center,
the computer theoretically could process 6.6 fllght plans
per mlnute.

The test perlod for this computer concluded that 80.1
per cent of all flight plans were alrway flights, 15 4 per
cent were direct flights, and 4.5 per cent were combination
alrway and direct flights. Of these, 52.2 per cent were
alr carrier, 33.9 per cent were military, and 13.9 per
cent were 1itinerant. It also was determined that 3.88
flight progress strips were required for each airway flight,
3.94 fllght progress strips were requlred for direct flights,
and 2 26 strips were needed for combination alrway and di-
rect flights. Conclusions reached were that the reliability
and accuracy were excellent. However, the type size for
the identiflication, time, and altltude figures was too small
on thls particular machine The magnetic drum in the 650
without ancillary equipment did not contain enough storage
capacity for the Indianapolls problem. Based upon these
facts and findings, the 650 was deemed unsatlsfactory. It
was recommended that 1t be replaced with a larger machlne
wlth more storage capacity. It also was recommended that
the Type 407 accountling machine be modified so that the
printing wheels would provide larger figures for
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identificatlon, time, and altitude columns. The
replacement machine was an IBM—650/RAMAC. The descraption
of thls machine 1s glven in a succeeding sectlon of this
report. An operatioconal evaluatlon was not made on the
RAMAC.

d. IBM-650/RAMAC Computer: Personnel of the AOQEC,
working with ARTC and IBM programmers, developed the logilc
and program for the new and larger-capaclty machine. The
IBM—650/RAMAC installation was completed on July 3, 1958.
From that date until October 6, 1958, the program was
"debugged" and tested for accuracy The first actual pro-
ductaon of flight progress strips for the ARTC Center be-
gan on October 6, 195%. By November 20, 1958, theaalrway
and direct fllights both could be handled. A more detailed
Technical gevelopment Report on this task ls being
prepared.l

FEASIBILITY OF USING A COMPUTER IN THE CENTRAL
ALTITUDE RESERVATION FACILITY

One of the activities of the CAA Offlce of Alr Traffic
Control was the operation of the Central Altitude Reserva-
tion Facility (CARF) to perform advance processing of air-
space reservations for mailitary missions. CARF is
regponsible for ccordinating between the FAA ARTC Centers
and milatary units conducting flight missions in the
United States and adjacent coceanic areas.

Based upon the activity of this facllity during a
l-year peraocd from August 1956 to August 1957, using a
365-day year, the faciliily processed approximately % 1/2
missions per day. An analysis of the missions processed
during this perloed indicated that an average misslon
contained 30 fixed postings or route segments per mission.

The alrspace reservatlion requests are receirved at
CARP from ARTC Centers 1ln whose area the missicon will corig-
inate. From the flight plan received, CARF makes a plot
of the propesed route of flight, the altitudes to be flown,
and the conirol times. Refueling areas also are shown on
the plot. After the plotfted missions are compared with
gach other so that any confliction of altltude or airspace
1s detected, a study 1s made to determine the minimum
number of changes that would be necessary to resolve the
confliction. The rescluticn of mission conflict normally
18 based upon pricrity of mlssion, although there are
other means of resolution, such as changing routes or alti-
tudes to eliminate thils confliction. Some conflictions are
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resolved by the operating agency at the suggestion of CARF.
Other conflictlons are resclved by CARF based upon the
prliority of operation This project task was designed to
snow whether or not 1t would be feaslble to program the
Remington Rand Unlvac Model 1 or the IBM—650/RAMAC computers
to perform the necessary functions In addition to ascer-
talning 1f the storage capaclty and the processing times
were satisfactory, economle aspects also were considered.

In determining the feasibility of using a computer
for this problem, 1t alsc was deemed advisable to determine
1f one computer could do the job for CARF and also the alr
route traffic control problem of the Kansas Clty Center.
The conclusions reached in this evaluation are contalned in
a more detalled reportl* and are l1isted below.

1 The annual cost fto do the jJob wlth & computer
would be approximately twice that of operating CARF
manually

2. Most of the problem of processling alrspace
reservation could be accomplished withlin present-day
computer capabllities

3 The use of a computer i= feasible 1f computer
memory 18 used i1n llieu of manual plotting and if its com-
putlng functions are used to detect conflicts and suggest
resolution of such conflicts based on altitude or time
changes.

4. It did not appear feasible for the machine to
suggest changes on alternate routings

5. It did not appear feasible to use one computer to
attempt to do both the Kansas City ARTC Center and CARF Jjobs.

SCAN-CONVERSION (TI-4%0) EQUIPMENT

The Technlcal Development Center had a contilnuing task
to improve radar displays for air traffic control. After
considerable evaluation of the General Precision Labora-
tories'! TV projectlon system and the Farnsworth Iatron
system, a survey of industry was conducted in Fiscal Year
1957 to find the best radar displays avallable The use of
scan-conversion techniques showed promise in this survey,
and an equlpment, built by Compagnie Generale De C.S.F. in
Paris, France, and known as the Model TI-440 scan-conversion
equipment, was obtailned for cperational evaluation. 1In the
United States, the French company was represented by the
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Intercentinental Electronics Corp (INTEC) The
description of the equipment and the results of the technical
evaluation are contained in another report.

Briefly, the TI-440 equipment accepts video, trigger,
and azimuth lnformation from a radar and by using a two-
gun electronic storage tube, converts thlis radar information
Into a television video and synchronizing signal. This
composite output then 1s used to drive an ordinary tele-
vlision monitor for actual display purpcses. In the AQEC,
the scan-conversion equipment was used to display radar in-
formation on several different sizes of television monitors.
Not .only was this equipment used in the AOEC, but it also
was evaluated 1n the Indianapclis ARTC Center and the
Indianapolis Tower During Fiscal Year 1958, different
methods of displaying radar were evaluated i1n the AQEC.
These included different size TV monitors and positloning
of monitors to dilisplay radar from the scan-ccnversion equlp-
ment. In the sectlons which lollow lmmediately, each one of
these displays 1s described briefly Detalled desgrigtigns
of these dlsplays are contaihed in other reports.io 17 1

a. Superimposed Panoramic Radar Display (SPANRAD):
One of the earliest applications of scan-converted radar
to television was the use of a vertical TV monitor mounted
perpendicular to a table top Above the monltor was a boom
arrangement at the top of which was mounted a TV camera.
The camera was focused to plck up anything that was on the
table top. This TV camera picture then was mixed with the
radar picture on the vertical mchitor to form a composlte
plcture. The purpose of this arrangement was to put flight
markers on the table top, then, by viewing the TV monltor,
the markers could be placed s8¢ as to coineclde with targets
on the monltor to give identification to the alrcraft blips.
This system, after being tried in the dynamic s.imulator,
later was tried in the AQEC, after which an evaluation setup
was made 1n the ARTC Center at Indlanapolls and actually
used for the control of traffic for a periocd of time. This
remote tracking system was a new concept and not well ac-
cepted by controllers during the brief pericd of testing,
although it proved satisfactory 1in the simulation tests.

b. Twenty-Two-Inch Horizontal Displays. Two
different 1nstallations of the 22-1nch flat-face tube were
evaluated in the AOEC and the Indilianapolls ARTC Center,
The first consisted of a horizontal 1in-1line console which
occupled the space of five flight progress bays. The
second used the 22-inch flat-face tube in an "islangd"
arrangement which was the result of experimentation in the
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AOEC with an original Washington deslgn followed by a
revised TDC design. In another application, the 22-inch
flat-face tube was mounted 1n a console for use in the IFR
room of the Indianapolis Tower

The advantages of the flat-face TV horizontal display
were:

1. The display could be seen 1n near-normal room
lighting.

2 The operation could be carried cn using
ldentification markers (small plastic chips comparable to
those used with the VG indicators at New York, Washington,
and Chilcago ARTC Centers).

3 The brightness and resolution of the display were
very good, and no noticeable heat was generated

The dlsadvantages ol the 22-inch flat-face display
were:

1. The implosion shield reflects light and images.

2. The maximum siZe of the display 1s 22 inches in
diameter and cannot be changed unless larger tubes are
developed,

3. The 22-Inch flat-face 18 a special tube not in
regular production.

The advantages of the 1sland arrangement of the flat-
face display are that three or more radar controllers
can operate arcund each display. No camera chaln eguipment
18 requlred The console of the radar display 15 constructed
go that control can be accompllshed from a seated position.
The disadvantages of the i1sland display are similar %o those
llsted above on the 22-inch flat-face display. There 18 one
additional disadvantager the arrangement does not lend
1tself to simplified coordination between sSectors.

VERTICAL TV MONITORS

This part of the display evaluation was made using
standard monitors ranging in size from 17-1nch through 21-
inch to 27-inch dlagonal dimenslons Different installa-
tions first were made in the AOEC by tilting the monitors
at various degrees from the horizontal to the vertlical. In
the ARTC Center, these monitors were mounted 1n the bulletin
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board area and 1n the flight progress bay area by removing
the flight progress bays tc form an integral part of the
In-1line arrangement Controllers were not unanimous in
their preference for slze, some deslired the 17-inch and
others preferred the 2l1-inch. Some of the advantages of
the vertically mounted displays were that:

1 The dlsplays were easlly vislble to both the radar
and the flight progress board controllers.

2 Little or no reflection of light or images
occurred
' 3. Coordination between the radar and flight progress
board controllers was simplified

4. The transition of scanning TV or flight progress
board was easy.

5 No special lighting was required.

6. Flight progress strips could be read and marked
by the radar controller when the vertical display was
located 1n the A-3 board.

The disadvantages of the vertical display were that no
memory help such as identiflication markers could be used.
This limited the capacity of the controller and prevented
him from handling more than three or four radar-separated
alrcraft simultaneocusly.

The evaluatlon of the SPANRAD 22-inch, flat-face,
vertical monitors and slant scopes was carrlied on 1n the
AOEC for about a year. At the end of thls period, a number
of radar controllers were called In to asslst in the final
analysis of these different displays. The res¥ t8 are de-
talled in another Technical Development Report The
conclusions reached in this report were

1. The scan-converted radar displays are bright
enough and have sufficlent contrast for use in ARTC Centers.
By the use of light traps or other light controls, they may
be used also in tower cabs and IFR rooms. Control of light
i1s most important when using the 22-inch horizontal display.

2 The target trail or storage provided by the TI-440
equipment 18 excellent for control purposes
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3 Resolution of radar targets on the scan-converted
display is adeqguate

Y All radar controllers felt that tracking ailrcraft
was a major worklcad and would require addltional personnel
to track targets The consensus was that the tracker
should be a certified radar controller

5 Control personnel in general preferred the 22-inch
flat-face indicator cver all of the other dlsplays tested

6. The in-line installation of the radar displays
with flight progress boards generally was preferred over
the 1sland

7 The vertical monitors had only limited utilaity.

KELVIN-HUGHES RAPID-PROCESSING PHOTOGRAPHIC PROJECTOR

The Kelvin and Hughes equlpment, Fig. 7, 18 a
prhotographic display system which produces an enlarged pro-
Jection of a radar cathode-ray tube or a Charactron shaped
beam tube. The system 1s unique 1n the speed in which the
film is developed Ei1ther a negatlve or a positive can be
produced 1f required The negative 18 ready for projectlon
in about % seconds, the productlion of a posltlve can be ac-
complished Ln about 12 seconds The speeds mentioned are
made possible by the use of selected chemicals and heat.
Hect alr then 15 used for rapid drying

In operation, the Kelvin-Hughes camera equlpment has
the shutter synchronlzed in time with the rotation of the
radar antenna. Ideally, the shutter of the camera is open
for one rotatlion of the antenna plus 7 1/2O overlap. The
shutter then closes for 1/25-second whille the film 1s ad-
vanced The film frame which has just been exposed is ad-
vanced into development while the second frame 1s being
exposed On the second advance of the film, the first
frame 1s 1n projection, the second 1s 1n development, and
the third i1s belng exposed Thls cyecle is repeated over
and over

A 1,000-watt mercury vapor lamp provides the necessary
light for projection. From a 35 mm film, a display of I to
6 feet across is available, as shown in Fig 8. Diameters
of 10 to 20 feet are possible, but this would resulft in
some loss of brightness and would not be sufficient for
the normal amblent light 1n a room
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The evaluation of the Kelvin-Hughes equipment in the
ACEC was not completed nor was the equipment used to con-
trol live IFR traffic However, 1t was used for many hours
by a large number of control personnel to track aircraft
during radar flight checks, deviation from route measure-
ments, and random alreraft tracking during demonstrations.
From this experience, the following subjective opinions
were drawn. The advantages of the system were;

1. A large pancramic display of elther short- or
long-range radars could be achleved.

r

2 It definitely was a bright display, bright enough
to use under most room lighting conditions

3 The equlpment was quite reliable when proper
preventlve malntenance was performed.

4., Targets were large enough to permit the use of
ailrcraft markers on the order of 2 by 3 inches 1in size
This permltted the comblining of tabular information wilth
range and azlimuth data from the radar

5 A permanent record of radar data was avallable for
file,

The dlsadvantages of the system were:

1. Film and chemicals were qulte expensive. For
24 -hour service, it 1s estimated that the cost of materials
would approach 120 dollars per day

2. A maintenance technician must be at or near the
equipment at all times

3 Conslderable ceiling heig. t must be provided 1f a
horizontal display 1s required. To produce a display ap-
aproximately 6 feet across .equires 15 feet of projection
distance.

4 A separate Kelvain-Hughes eguipment would be
required for each radar

5 No alpha-numeric data could be projgected by the
Kelvin-Hughes eqgquipment unless 1t were written on the
cathode-ray tube before being photographed.

6. The Kelvin-Hughes equipment requlres connectilons
for compressed air of approximately 60 pounds per square
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Ineh and uses about 5 cubic feet per mlnute Power supply
of 200 to 250 volts 1s requlred, a cold-water supply, as
well as a waste pipe, 18 necessary, and a vent 1nto the
open alr 138 needed for fumes. Although not absolutely
necessary, a dark room 1s a desirable addition.

7. Duplicate units are required for fail-safe
operation.

TIME~SHARED DISPLAYS

During Fiscal Year 1956, two ASR-2 radars at
Indranapolis were used 1n a study of time-sharing This
display of two radars on one indicator appeared to have
application in traffic control areas where alreraft were
handed off from one radar coperator to another, each using
different equipments.

The first experiments were conducted usling the SPA-8
radar indicator A minimum of circultry changes were re-
qulred on this indicator due fo a cursor clircuit which
could be converted to dlsplay a second radar input. During
the second half of Flscal Year 1956, while the decentral-
1zed sector of the Indianapolis ARTC Center was operated at
Rockville, the SPA-8 indicator was used to time-share the
CPS-6B radar which had two antennas on one pedestal. The
vertical beams were oriented 146° in azimuth from the early
warning beam. In time-sharing this radar, the sweeps on
the indicator were separated by the same 146° in azimuth
Inasmuch as only one trigger was used in the CPS-6B radar,
the result was a synchronized display Since this was a
synchronized display, the time-sharing was accompllished on
a 1:1 ratio. Thls work 1s reported in ancther Technical
Development Report.l

In addition to the SPA-8, another indicator of newer
vintage, known as the UPA-35, also was used 1n this study.
Most of this work was on the premise that no synchronlzation
was requilred. The FPS-8 and the ARSR-1 long-range radars
and the ASR-2 short-range radar were time-shared with each
other. When time-sharing the ASR-2 with the long-range
type radars, the long-range radar data were given display
priority and the ASR-2, with a pulse repetition frequency
(prf) of 1200, was blanked out whenever the long-range
radar pulse was emitted. PFigures 9 and 10 illustrate the
time-sharing of these radars. A more detailed technical
report of this work has been prepared.=20
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VFR FLIGHT ADVISORY TESTS

Durlng the early months of Filscal Year 1959, a
2-month evaluatlon test of the VFR Radar Advlisory Service
was conducted from the Indianapolls Tower. Thls test was
completed August 23, 1958 During these tests, 61 per
cent of the VPR flights in and out of Welr Cook Alrport
used the servlce durlng VFR weather, and for a pericd of
165 hours, data indicated that 719 alrcraft were provided
with VFR radar advisorles  Durlng one 8-hour period, 87
alreraft were provided with advisories. Anawers to two
pllot questionnaires indlcated that a large majority of
pi1lots were i1n favor of a VFR advisory service. Many pi-
lots 1ndicated in these questlonnaires that there was a
need for altitude information on other alrcraft. Pllots
were not too favorable to inbound and outbound channeli-
zatlion except during marginal weather. They did indicate,
however, that under these conditions they would be willing
to accept some restriction such as corridors or radar
vectors An earllier Technlcal Development Repor% covers
the VFR Flight Advisory Service in more deta1l.?

ROOM LIGHTING STUDIES

Lighting of trafflc control centers and traffic
control towers became a c¢ritical problem when radar was
introduced as a tool for the control of traffic. One of
the earliest studles made in the AQOEC was the evaluation
of the Britlsh trachromatic lighting system Briefly,
the trichromatic lighting system includes groups of three
fluorescent tubes covered with colored plastic. one red,
one blue, and the third green. This color comblnation
produces an apparent white light which is deficient 1n the
yellow-orange part of the spectrum

Three demonstration light booths were constructed in
the AOEC 1n whilich three identical 0A-99 radar indicators
were located In each of the three booths a different
type of lighting system was installed. These 1ncluded po-
larized, broad-band blue, and minus green. In the booth
being lighted by the polarized system, an overhead fluo-
rescent flxture with glass diffusing was covered with a
linear polarized plastic The radar indicator then was
covered with a polarized plastic 90° from the source light.
The resultant display from the OA-99 was a dark background
wlth targets showing up brilliantly through the polarized
plastic. The amblent light was sufficiently high to permit
easy reading and writing of printed matter.
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The broad-band-blue lighting system, developed by Ohlo
State University and adopted by many milltary bases, 1s
achieved by covering a fluorescent filixture with a blue
plastic material. The resultant amblent light 18 a deep
blue which does not materially fluoresce the phosphor on a
P-7 cathode-ray tube

The minus-green llghting system, developed by Franklin
Institute Laboratories, used fluorescent tubes covered with
two sheets of plastic, or in some cases, the tube was cov-
ered with one colored plastlc and the diffusing glass plate
covered wlth another coler. The colored plastics used 1n
this system were mauve and pea green When this system of
lighting was used, a green filter was used over the cathode-
ray tube Since the plastic shield over the cathode-ray
tube tended to reflect light sources and light reflection
from clothing or faces of operators, Franklin Institute
Laboratories had tris cover plated with a thin (5500 ang-
stroms) zero reflection coating. The coating reduced the
specular reflection to zero at one wavelength with re-
duction somewhat less than zero at other wavelengths. This
coatlng was quite expensive, as 1t cost approximately 6O
dollars to plate a 10-inch-diameter filter. The coating
was soft and very easily scratched In addition, filnger-
prints once marked or applied to the surface were difficult
to remove Most materials which would remocve the
fingerprints also scratched or marred the soft surface.

In addition to the systems for ambient lighting the
space around radar lndicators, considerable experimentation
was carried on with such things as back-lighting of charts,
in which opal glass was placed over several fluorescent
fubes which were backed by reflective material to make a
complete deflection system [or back-lighting of fillm or
thln paper charts Another gpproach to thls problem was
fto build a box with lights at the edge of Plexlglas covers
When the charts or maps were placed over and against the
Plexiglas, light was deflected intec the f1lm or chart so
that 1t had the appearance of being back-lighted. For
other types of lighting for charts and maps, the lines
were drawn with fluorescent ink or palnt and then i1llumi-
nated with ultraviolet lamps, or in some cases, whole
sheets of fluorescent material were covered with transpar-
ent maps and charts and then lighted with ultravieclet
lamps so that the fluorescent material would shine through
the 1lines on the chart. A third system of lighting charts
was to procure lumlnesScent panels Using positive and
negative f1lm, experiments were carried out to see which
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system gave the best type of presentation to the
controllers. The adeptlon of scan-conversion sc that tele-
vislon pictures were avallable for radar control eliminated
to a great extent the need for lighting charts since the
ambient light 1n the room could be increased to the polnt
where printed matter could be easily read.

Considerable effort was expended to use polarized
material to build what were called "light traps." These
were useful 1n radar installations in the control tower
where ambient light is changing continually due to the
movement of the sun and the reflecfions which were never
static Although 1t had been recognized previously that
polarized material was especially helpful in eliminating
reflected light from cathode-ray tubes, the polarized mate-
rial 1tself was a reflecting medium for light falling on
i1t By using a parabolle curve and shading the lower por-
tion, i1t was found that light traps could be built whilch
would eliminate practically all ambilient light reflections
and images such as are found in control towers and other
well-lighted installations. Some of this effort is
reported in another Technical Development Report.2l

ARTC CENTER ROOM LIGHTING

Prototype models of light fixtures of the type
recommended by Thomas B Bourne Associates for the new
ARTC Center bullding were procured. Sixteen of these fix-
tures were installed 1n the two-story auditorium of
Building 69 1in the TDC area. The light fixtures were con-
structed to use four 40-watt fluorescent tubes with motor-
driven shutters on each fixture. This permitted shading of
the light from individual fixtures. In addition, controls
permitted dimming of the light from banks of elight fix-
tures. The louvers and movable vanes were palinted dull
black. Prelimlnary tests of these light fixtures indicated
19 foot-candles of i1llumination directly below the fixtures
at a distance of 18 feet. There was a notlceable differ-
ence in light intensity due to the voltage drop from one
end of a row of elght fixtures to the other. Testing of
these fixtures was not completed due to the termination of
the program at TDC and they were shlpped to NAFEC.

FLIGHT PRCGRESS BOARDS

Flight progress boards filrat came into use in 1939 for
traffic control purposes. An evolution has continued since
that time. In 1954, when the Cincinnati Center was moved
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to Indranapolis, there was not a sufficient number of
Pittsburgn-type boards available to outfit the Indianapclis
Center The Pittsburgh board, which was two-sided or made
for back-to-back operation, located the A position on the
opposite slide of the bcard from the D position An exper-
Imental board, which had been designed by CAA englneers,
was 1n blueprint form To meet the needs of the new
Indlanapolxrs Center, 1t was decided to construct an ade-
quate supply of the new boards, which were known as the
IA-1 type This type of board 18 1llustrated in Fig. 11
and was the subject of an evaluation report written by the
Indianapolis ARTC Center in 1955, In this evaluation
report, 1t was recommended that a revision in design be
built i1nto future flight progress boards. As a result, the
Technical Development Center constructed one of tThese
boards for the ARTC Center. It was known as the Iouisville
board because of its location at the Louisville Sector in
the Indianapolis Center. Figure 12 depicts this board

The Bell Telephone Laboratories, on contract for the
Air Navigation Development Board, engaged Henry Dreyfus
and Associates to design a flight progress board whlch
would be designed for human engineering practices and fit
the needs of alr traffic control personnel. Figure 13 il-
lustrates the Dreyfus board which was used at Roekville
during the time that the decentralized sector was .n
operation at that location

One concept of a flight progress board was to make
modular units of two- and four-bay units which could bhe
mounted side by si1de to grve any configuration that was
necegsary for Center use. Figure 14 1llustrates one of
the later types of modular beoards bullt for the AOEC.

The A-3 and A-4 flight progress boards, which were
deslgned 1n Washington, contained many features which were
the result of experimentation, demonstrations, and confer-
ences between AOEC and Washington personnel. Figure 15
1llustrates the A-3 board which 1s being used i1n the
Indlanapolis ARTC Center. The A-4 flight progress board
1s the A-3 medified by adding more lights to the top of
the flight progress board. AOEC personnel were instru-
mental in desighing plans for the modafication of the A-3
and A-4 flight progress beoards for the installation of in-
line radar displaysa. This included the 22-inch flat-face
console for horizontal display as well as the 21-inch
vertical display consoles.
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The New York and Washington ARTC Centers used VG
radar i1ndicators upon which were mounted small sections of
flight progress board for accommodating approximately 10 or
12 flight progress strip holders From this concept, 1t
was deemed desirable to build an i1sland arrangement for the
use of television displays when scan-conversion equipment
was 1ntroduced The f.Lrst prototype of an 1s8land to acom-
modate a television flat-face display at each end was bullt
at the Technical Development Center This construction was
made from Washington's sketch No. 24 At a demonstration
of this prototype, Lt was determined that some revisions
were necessary and these were made at TDC Figures 16 and
17 a1llustrate these dlfferent l1sland configuratiocons.

FLIGHT PROGRESS STRIP HOLDERS

In the traffic control center and tower, the flight
Inf'ormation 18 posted before the controller on paper board
or cards wnich are 1 inch wide by 8 inches long. These
cards, comnonly called strips, are held on the board in a
metal or other type container known as flight progress
strip holders The earliest strip holders were made of
sheet steel. In 1944, an aluminum strip holder was de-
signed Slnce that time, a number of different materlals
have been used to fabricate flight pregress strip holders.
Materials have included several types of rubber, nylon, and
Flberglas. The AOEC, working with Indianapolis ARTC Center
pergonnel, evaluated the different types of strip holders
as they were made avaiLlable. Technlcal Development
Reports22 23 covered the evaluation of the black rubber
plastic and nylon strip holders.

Several fthousand strip holders are used in busy
centers each day There 18 a considerable workload in-
volved 1n loading and unloading the strlp nolders to keep
the information current. In 1957, when the first computer
was 1ntreduced into the ARTC Centers, 1t was found that the
speed of printing these flight progress strips was approx-
imately 50 strips per minute. This speed required that
geveral persons be assighed to load the strip holders with
the output from the computer printer As a result, per-
gsonnel of the AOEC concelved the idea of bhuirlding an auto-
matic or mechanical strip cutter and loader. The Technical
Development Center's Engineering Shops desligned and built a
shop prototype model which was capable of loading straps at
a rate of approximately 30 per minute. This model proved
that the 1dea of loading the holders mechanically was
feasible Future development programs on this eguipment
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are being handled by the Bureau of R&D. Figure 18 shows
the prototypre strip stuffer that was bullt at TDC

TARGET MARKERS

Historically, target markers have been used 1n traffic
control since 1936 when the first ARTC Centers were .mple-
mented These first markers were brass blocks 1 1/4 inches
long by 3/4-inch wide by 1/4-inch thick. Grooves were
provided in the top surface to permit the use of teletype-
writer perforator tape for insertion and for marking with
pencil These were discontinued in Centers about 1940,

With the advent of radar in Centers, a need for markers

to 1dentify radar targets again was encountered. This need
was met by the use of a small plastic marker of clear mate-
rial upon which the identification could be marked with a
China marking pencil, The size of this marker varied with
the slze of the radar display and usually was scaled %o
measure 3, 5, and 10 miles. These plastie markers were

used 1n the New York, Washington, and Chicago Cenfters on

the radar displays At the Technical Development Center,
attempts were made to projJect radar information using var-
ious equipments, and to keep the identificatlon and other
flight data of tabular form coordinated with the radar blip.
In the beglnning, these markers were made of sheet aluminum
furned up at the s8ides s0o that heavy paper could be used for
a writing medium. The evolution of these alumlnum markers
became a machined block of cast aluminum with altitude wheels
and attachments for indicating climb and descent arrows on
the side. Figures 1, 2, and 8 illustrate some of these
markers Flgure 19 shows plastic markers 1n use on the TV
radar displays covered 1in a previous section of this report.

Many people were of the oplnion that a self-powered
marker, which could be adjusted to move at a scale speed
commensurate with the actual ground speed of the alrcraft,
would eliminate much of the labor of keeplng the tabular
information updated with the actual moving bllip on the pan-
oramic display Accordingly, a contract was inltiated with
the Unlted States Time Corp. to develop such a self-powered
marker In writing the specifications for thls marker, it
was necessary that the size of the marker be kept to a size
commensurate with the scale used on the display. The silze
specified 1n the contract was 3 1nches long by 2 Iinches
wide by 1 inch high. The height later was altered when a
declision was reached that the thickness of the marker was
not critical. United States Time Corp was unable to meet
the specifications, and eventually the contract was
cancelled,
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CONVEYORS FOR FLIGHT PROGRESS STRIP HOLDERS

Another proJect task involved the development of
conveyors for the ARTC Center at Indlanapolls to carry the
flight progress strip holders from the IBM computer room
to the individual sectors where the strip holders would be
used. The complete installatlion of 13 individual belt con-
veyors is the outgrowth of approximately 18 months of study
by AQEC persomnel, The first conveyor used an aluminum
channel with a smooth-surface belt It was found that the
aluminum channel, when rubbed by the belt, turned black,
and the resulting dirt coated the strips and personnel
handling them The belt was slippery, and the holders did
not adhere to the belt well enough to be transported up the
slopes necessary for lifting the strip holders ahove the
flight progress board After a considerable amount of ex-
perimentatlion, stainless steel carrlers were developed
These carriers were equipped with three-ply rubber. The
surface is a series of small rubber beads, called "Ruff-
Top," which grip the flight progress strip holders and
carry them up grades of approximately 259. On these three-
ply belts, a better splice was developed than had been used
previously and only one break was experienced in several
months of continuous use., The linear speed of these belts
was approximately 233 feet per minute A study was made
to develop a return carrier belt whieh would convey the
used flight progress strip holders back to the flight data
position or the IBM computer rcom for stripping and re-
loading The results of thls project task are cPvered in
detail in another Technical Develcpment Report

TRAFFIC FLOW STUDIES

The AQOEC made several intensive surveys of alr traffic
flow. Most of these studies were made from information
available 1n the Indianapolis ARTC area. Some of the
results obtained concerned

1. The number of flights per day per operator

2. The number of tlmes each altitude level was
oceupled

3. The number of direct, airways, and comblnation
direct/alrways

4., The number of flight plans by speed categories
(50-knot lnerements).
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5 The number of flights from the seven adjacent
centers from which the flight plans were received.

6. Traffic breakdown by 3-hour peak perlod and
1-hour peak period

f. During l-hour peak perlods, further breakdown was
made to show:

a. The number of direct flights.
b. The number of alrway flights.
¢. The number of combination flights.

d. The number of characters (alpha or numeric)
in the 1identification and 1n the alrcraft

type.

e The number of route segments contalned in
flight plans.

f. The number of revislons to estimates,
routes, and altitudes.

g. The number of position reports received.

h. The number of compulsory poslition reports
that were not recelved.

The results of these studles and surveys were made
avallable to the various CAA offices concerned with
programming computers and/or other problems.

Figure 20 indicates the traffic flow through the
Indlanapolis ARTC area in one 24-hour period. The solid
lines indicate over-traffic based on point of origin to
point of destination. This is deplcted as a straight line
and falls in the Indlanapolls area because of alrway con-
figuration. The broken lines indlcate alrcraft taking off
from or landing at terminals in the Indlanapolis area.

INTERPHONE COMMUNICATIONS EQUIPMENT

A part of the AOEC environment included air/ground and
landline communlcation facilitles adjacent to the
Indianapolis ARTC Center. Bell Laboratories, working with
and through the Indiana Bell Telephone Co., engineered and



installed a flexible system of landline communications
facilities known locally as the patch panel. The Third
Reglional Offlice installation crew, following the same pat-
tern of installation, 1nstalled patch panels for the
alr/ground and recording equipment.

Figure 21 1llustrates the telephone patching panel
equipment The left-hand panel of the 1llustratlon i1s the
line termination patchlng panel which permitted each local
and longline clrcult to be terminated in a series of Jacks
An associated series of jacks on the same panel were ar-
ranged to correspond with each A and D position i1n the ARTC
Center It thereby was possible to connhect any Incoming
line fto any key in a 102A keybox at the desired sector or
sSectors Thlis permitted any combination of lines to be
terminated at any control board in the center

At the top of the second panel from the left the
position pairing (or splitting) patching panel is located
This pesition palring patching panel provided for palring
any two posltions In the Center as A and D positions wlth
the A always monitoring the associated D position. Patchlng
was accomplished by cables with plugs which were wired to
each other in such a way that the plug marked A was cross-
connected to a plug marked D. The receptacles for these
plugs or jacks were connected electrically to indlvidual
keybox positions in the Center's operatlng room. The ad-
vantage of this position pailring patch panel was the added
flexibillty enabling Center personnel fto change the location
of A and D positions wlthout losing the monltoring
characteristic

The second set of jJjacks on the panel, second from the
left, 1s the prime answering patching panel. The prime an-
swering pateching panel had a series of jacks connected to
relays on each i1ncoming line terminating in the Indianapolis
Center. Another series of Jacks were wired to the attentlon
8ignal lamps at each cperating position 1in the control room.
By using the patch cords, the incoming signal from any line
could be connected to the auxiliary positlion signal lamp of
the A or D posltlon which would be responsible for answering
that particular line Signals from two-tone dialing cir-
cults also could be controlled by this panel. The advantage
of this patchling panel was that the prime answering respon-
8ibility could be transferred from one keybox to another.

Another feature unique to the Indianapolis Center was.

the override patching panel shown on the lower part of the
second panel in PFig. 21. The override patching panel

37



consists of a series of Jjacks which were connected to the
headset clrcult at each operating position in the Center

A second serles of jacks were connected to the intracenter
740 PBYX equlpment Bach Jack of thls second group was as-
signed a two-diglt code and activated by the PBX only when
the pertlnent number was dialed A two-diglt code was as-
signed to each operating position in the ARTC Center and
the AOEC. When a controller wished to converse with an-
other controller, the calling controller depressed the PBX
key and dialed the number assoclated with the called con-
troller's positlion. Thilis connected the two headsets and
lighted a green beehive lamp at the called position. As
the term "override" implies, the two headsets were con-
nected, whether the called position was busy on another
line or not. The patching panel on this flexible instal-
lation permitted the use of the same code number for a
sector regardless of 1ts physical locatlon along the flight
progress board

During calendar year 1956, at the request of the AOEC,
the Indiana Bell Telephone Co. made a tentative survey of
the relative costs of installing 18 interphone positions in
the normal manner versus 18 interphone positions equipped
wlth patching panel. It appeared that the patch panel
egquipment and plug-in cable terminations increased the
installation and monthly charges approximately 30 per cent.

ATIR/GROUND EOQUIPMENT

Flgure 22 1lllustrates the air/ground patching panel
with the cpen Christmas-tree racks on the right and the
telephone patching panels i1n the left background Thirty-
two receiving channels and 28 transmitting channels were
made available to the ARTC Center and the AOEC through the
patching panel. This flexibillity permitted frequencles to
be transferred from one sector to another in the ARTC
Center, and for operation or monitoring in the AOEC, by
patching into the portable conscoles, as described below.
The 32 receiving channels and 28 transmlitting channels men-
tioned above included all of the frequencies assigned to
the control tower, the communlications statlon, and the ARTC
Center at Indianapelis.

In the AOEC, the air/ground channels and the
interphone terminations all were termlnated in a portable
console, shown 1in Flg. 3. Thils configuration of communica-
tions equipment 1ncluded 12 channels of radio, 20 channels
of interphcone, the central office line telephone, and a
three-lamp signal light. An automatic switching device was
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used on each of these cohsoles so that 1f the controller

was using radio regularly and the interphone cilrcults only
occaslonally, the switch could be placed on automatle, which
then permltted the operator to listen and talk on the radio
at all tlmes with no interference to the lnterphone clr-
cults However, 1f an interphone key was moved to the ON
position, thils automatlically switched the headset from the
radio to the interphone circuitry.

AIR/GROUND ANSWERING DEVICE

Several Mohawk message repeaters were purchased by
the 'AQEC for experimentation in the fleld of automatic an-
swerling devices. The Mohawk message repeater consisted of
a short magnetic tape recorder with playback available in
the same instrument. AOEC personnel prepared closed loops
of the magnetic tape on which special messages could be
recorded. One application was the reccrding of regular
broadcast weather. 1In this case, the Mohawk machine was
Installed in the communicatlions station, and the operators
were asked to record the regular 15- and 45-minute-after-
the-hour broadcasts prior to broadcast time. The broad-
cast then would be made at the desired time by merely
starting the playback of the Mohawk message repeater This
test operated several weeks but was not considered satis-
factory due to the fact that the equipment needed to be
monltored, and oftentimes a special weather item would come
in just prior to broadcast time which should have been in-
serted 1nto the broadcast tape but could not be because of
the time element. Another factor was that the recording
was done In the normal operating room and the background
nolse caused by conversation and teletype machines was
gquite high

During calendar year 1958, at the request of TDC, a
number of equipments derived from the Mohawk message re-
peater were installed 1n the Air Traffic Communicat.ons
Station (ATCS) by CAA Third Regional personnel so that 12
unlts were available and were used for a contlinuous brcad-
cast of selected weather information. This device broad-
casts over the low-frequency radio range at Indlanapolls.
Normally, the weather at nine stations was broadcast, plus
the Indlanapolis winds aloft and a short weather summary.

Ancther application of the Mohawk message repeater
was an i1nstallation in the equipment room of the ARTC
Center In this case, a closed-loop tape was made which
broadcast the same message each time the egulpment was
activated by pushing a bhutton 2f the control sector 1n the
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Center operating guarters In this experiment, which
lasted approximately one year, a single message was broad-
cast each time the button was pressed and informed the pi-
lot that the controller was busy and to please stand by on
that frequency. A survey of usage indicated that this
equipment was used an average of six times each day At
the end of this test period, i1t was concluded that the de-
vice did not reduce the number of personnel required in a
facility Its main benefit was derived from the fact that
the pllot was answered when he called with a stand-by
message which told him that his equipment was working

MICROWAVE LINKS

The Air Navigation Development Board sponsored the
installation of a microwave link between the Air Defense
Command radar at Rockville, Ind., and the Technical
Development Center at Indianapolis The equipment used was
manufactured by Motorola and the system was equivalent to
the Motorola MRR-3. TDC leased the use of thilis microwave
link for approximately two years from the Indianha Bell
Telephone Co., which was responsible for the maintenance of
the equipment. An evaluation of this wide-band radar re-
motling system was written by TDC at the end of the contract
period,

The corniclusions reached at the end of the evaluation
period were that the microwave link has satisfactory fre-
quency response, amplitude, linearity, resolution, and
crosstalk characterlstics It was found that the 2.5-Mc
beacon channel was satisfactory for transmission of Mark 10
beacon deccoders. It was found that special test eguipment
1s required to provlide acceptable performance. The details
of this evaluation are contained in another Technhical
Development Report.<

A further study of mlcrowave characteristics and
performance was started 1n 1957 when a link was bullt be-
tween West Enon, Ohlio, and Indianapolls, Ind Motorola
MRR-6 equipment was used and installed by Motorola person-
nel. The MRR-6 link was approximately 127 miles long with
three relay stations. This was a two-way, wlde-band
microwave link, with five channels from West Enon to
Indianapolis and one channhel from Indianapolis to West
Enon. The MRR-6 equipment operated in the Government band
of 7,125 to 8,000 Mc. Channel spacings were 160 Mc with
each channel having a video bandwidth of 6 Mc. Although
this microwave was not in operation over any prolonged
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period of time, a number of engineering studies were made
of the equipment and of the characteristics. Signal-to-
nolse studies indicated that the loss of radar range was
negligible This equlpment was shlpped to NAFEC for
further use

SQUND-SUPPRESSION TESTS IN THE INDIANAPOLIS ATCS

AQEC personnel conducted an evaluation of noise
suppression in the Air Traffie Communications Station at
Indianapolis during the menths from November 1958 to
February 1959 This test was brought about by a suggestion
to elimlnate interference between two broadcast positions
by the i1nstallation of a wall or curtaLn The study began
by taking measurements of the sound level at one broadcast
position which would i1ndicate the amount of interference
coming from the adjacent position This, of course, actu-
ally was the ambirent nolse measured at one broadcast po-
s1tion A study of the sound scurces 1ndlcated that large
12-1nch loud-speakers, mounted on the wall back of each
broadcast position, caused some interference Talking at
locaticons around or near either of the broadcast positions
added to the ambient nolse

Orlginally, 1t was suggested that a curtain, drapery,
or wall be considered in the study of noise reduction
However, based on noise-level studies previously made, 1t
was suggested that in this particular application, due to
the short distance between positions, a curtain or drapery
would not be satlsfactory. Therefore, curtains were not
tested, and a wall was considered the most logical solutlon,

A wall or partititon posed several problems. These
1ncluded passageway for personnel from one position to the
other as well as access by supervisors and malntenance per-
Sonnel, the interchange of i1nformation on paper such as
weather sequences, where only cne copy was avallable for
both operators, and in some cases, verbal coordination

The corrective action taken by TDC was to construct
a partition, replace the large 12-inch loud-speakers with
small 6-1inch speakers close to the operator, and change
the posltion of these speakers 8o that there was less
interference caused by directional characteristlcs

The origlnal room contalning the two broadcast
positions was 12 1/2 feet long, 11 feet wide, and 8 feet
high, Two of the walls and the ceiling of this room had
been treated with acoustical tile One wall contained two
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doorways with a glass partition between this particular

room and the teletypewriter room At the rear of the room,
behind the operators, there was a large window approx.mately
I feet square which separated the operations room or
broadcast positions from the office space

The wall or partition, which was constructed between
the two broadcast positions, was constructed of two-by-four
studs with plywood appllied to both sides and both sides
covered with acoustical tile. 1In this parftition was a 30-
inch-wide by 7-foot-high doorway. At the request of the
chief communicator, no door or covering was made for thas
opening A pass-through slot or opening 12 inches wlde by
h inches hlgh also was made in the partition within reach
of the two operators This pass-through slot was covered
with a piece of Plexiglas which could be moved to the side
to permit pass-through Figure 23 1llustrates the partition
in place as viewed from the rear of the room. Sound-level
measurements were made at a broadcast position after the
partition or attenuating structure had been completed.

The large 12-1nch speakers, which can be seen on the
wall 1n Fig. 23, stlll caused interference after the par-
tition was completed. The next step taken was to replace
these speakers with 6-1inch speakers mounted in small wooden
boxes and placed close to the operator at each posltion
This permitted the operator to work with less volume from
the speaker.

Following the above changes, there appeared to be some
interference reflected by the large window at the rear of
the two broadcast positions. The sound from one boocth
seemed to be reflected into the other booth by thls path.
To attenuate this nolse, a drapery material was placed over
this window on the broadcast-booth side of the glass

The accurate measurement and interpretation of complex
noise patterns and their annoyance factor is difficult to
achleve. One assumptlon that 1s frequently used is loudness,
and some reasonably satisfactory measures of loudness have
been developed These can be measured by standardized types
of test equipment, such as the General Radilio sound level
meter, Type 1551-B, used 1n these measurements The oper-
ational details of this instrument are contained in
Manufacturer's Handbook No. 27, "Handbook of Noise
Measurement," by A.P E. Peterson and L. L. Beranck, General
Radlo Co., Form 811-aA, April 1953.
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The measurements were taken with the sound meter near
the center of the operating desk and with the pickup micro-
phene about 9 inches from the right ear of the operator
The data shown in the following tabulation are the average
results of a number of observatlons

TABLE T
MEASUREMENT OF NOISE PATTERNS

Meter Switch Positions

Condition of Treatment 40 70 Flat
(ab) (dp) (db)
Before Treatment 73 77 84
With Partition Only 65 70 75
Partition and Small
6-Inch Speakers 60 65 76
Partition, Window Draped,
and Small Speakers 58 64 75
Reductlion of Interference 15 13 9Q

From the above table, 1t can be seen that the total
reduction in sound pressure levels for all medifications
i3 approximately 9 db. Insofar as the ear 18 concerned,
the sound level was reduced effectively between 13 and 15
db, depending upon the loudness level (40 db or 70O db)
being conslidered.

It 18 concluded that the construction of attenuating
structures, use of draperies, and careful attention to
speaker location can be very effectlve 1n reducing inter-
fering sounds and the over-all ambient sound level at the
broadcasting positions A more detairled study than thais
one can be even more rewarding, but each must be patterned
for the particular location 1nvolved, since Very few
locations resemble each other. Any partitionlng of oper-
ating positions has to consider coordlnation requirements
and the problems of cooling, heating, and ventilataion.

TRANSISTORIZED REGULATED OUTPUT AMPLIFIERS

Another task undertaken to modernize communication
facllities was the development of amplifiers containing
the latest components. 1In 1958, the Centronix Manufacturing
Co., under contract with TDC, constructed 20 transistorized
audio amplifier assemblies (five channels per assembly) and
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related power supplies Frgure 24 shows the standard
CA-1503/1529 amplifier on the right, with five of the new
ATR-1 amplifiers mounted in one panel on the left.

The Centronix ATR-1 regulated output amplifier
provided hlgh gain with automatic regulation and maintalned
a constant output level over a wide band of input levels,
When operated between the limits of 300 to 4,000 cycles,
amplification was linear with less than ! per cent of har-
monic dlistortion The amplifier operates on approximately
0 25 ampere A Centronix Model P3-596 dual power supply
consists of two power supplles and an automatic transfer
system. Output 1s filtered and regulated at 13.0 wvclts,
0.5 ampere.

The amplifiers are being evaluated in the Indianapolis
ARTC Center on an iIn-service basis.

Controller-Computer Updating Equipment: Early in
FPebruary 1959, TDC made a short evaluation of a controller-
computer updating equipment fabricated by the Control Data
Corp as a prototype Figure 25 shows the display with 13
windows for reading visually the characters which would be
inserted intce the computer The same display would produce
a readable line of logical data from the computer. Also
shown 18 the Key-Pack with 19 key switches which permitted
control personnel to compose messages for insertion into the
computer, The stepplng switches and relays were contained
in a metal cabinet shown in Fig 26

Two sets of prototype equipment were used in the tests
These equipments were mounted in two different conflgura-
tions for comparison Figure 26 shows one of the displays
and Key-Pack mounted on an A-3 flight progress board. In
thls case, the display was mounted low, that is, in the
communications panel area, with the Key-Pack portable and
movable to any location on the shelf area. The other dis-
play was mounted high; that i1s, above the flight strip
holder bays in a prototype A-5 flight progress board In
this second installation, the Key-Pack was recessed 1nto
the shelf area. During some of the tests, the Key-Packs
were modifled from 19 keys to 14 keys by masking some of
the keys wlth tape. The characters from the five masked
keys were reassigned.

The tests conslsted of makling measurements of the time
requlred for 1nserting a fixed number of different format
messages 1nto the equipment. 1In addition, the accuracy of
composition was recorded by makling a count of errors
detected by the operator and those errors that were entered
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into the computer Three controllers from the Indianapolils
ARTC Center were the subjects used i1n all tests
The results indicated that controllers could enter

information scmewhat faster wlth the display 1n the low
position with a comparable number of detected errors

errors detected by the contreller). Undetected errors
errors not detected by the controller) were somewhat
higher with the display in the low positlon The test mon-
1tor felt that this lncrease in undetected errors was
caused by overconfidence on the part of the controllers
since the dlisplay was easler to read i1n the low position.
Although the controllers were given time and practlce 1n
the use of both the 19 and 1% key configuratlions, control-
lers entered informatlon faster and more accurately with
the 19 Key-Pack than they did with the 14 Key-Pack.

Cne test consisted of measurlng the time and accuracy
when flight data were inserted on the Key-Pack and later
transcribed onto a flight progress strip. Conversely, the
data were written on the flight progress strip and then
1nserted in the computer. The results 1indicated that in-
formation was handled 1 6 per cent faster wlth 24.1 per
cent greater detection of errors when writing the data on
the flight progress strip first, then Inserting it into
the computer. However, undetected errors lncreased

The consensus8 of the controllers and AOEC personnel
administering the tests 1ndicated that

1. The display should be in a low position close to
the Key-Pack

P A single-character erase feature would be
desirable

3 The speed of the equipment should permlt a message
of 14 echaracters to be inserted 1n 4 seconds or less.

Y., The Key-Pack should be movable instead of fixed.

As a result of these tests, the following specification
requirements are recommended:

1. The Key-Pack should conform to the pattern shown
in Fig. 27, that 1is, 17 keys

2. The Key-Pack should be portable.
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3. The equlpment should accept at least 4 characters
per second

4. The last character erase should be incorporated
1f no additional keys were needed.

5 The display should contain 14 visible character
indicators.
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SCAN-CONYERTED RADAR DISPLAYS IN-LINE WITH A-3 BOARDS

NOTES
21 INCH VERTICAL TY MONITOR (CENTER)

22 INCH FLAT FACE TV MONITOR (DISTANT LEFT)

Task No 59-730 FIG 15
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‘ISLAND-TYPE' ATC DISPLAY

NOTES

‘ISLAND' ARRANGEMENT FROM WASHINGTON SKETCH 24 WITH 22 INCH FLAT FACE TV

DISPLAYS AT EACH END

FIG 16

Task No 59-730



a *Ww

&
£l

¥

w o=
R
i

H

4

HIGH ALTITUDE CONTROL SECTOR-INDIANAPOLIS

FIG 17
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AUTOMATIC FLIGHT PROGRESS STRIP LCADER

NOTES

PAPER FEED SHOWN

FIG 18
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PLASTIC FLIGHT MARKERS ON RADAR DISPLAY

NOTES
LETTERED WITH CHINA MARKING PENCILS
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TRAFFIC VOLUME CHART INDIANAPCLIS AREA

IFR TRAFFIC YOLUME BETWEEN TERMINALS AUGUST 6, 1956 (24,000 FEET AND BELOW)
TRAFFIC FLOW DURING ONE 24 HOUR PERIOD |

SOLID LINES INDICATE OVER TRAFFIC

BROKEN LINES INDICATE FLIGHTS LANDING IN THE AREA
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NOTES:
LEFT PANEL - LINE TERMINATION PATCH PANEL.

CENTER PANEL - TOP TO BOTTOM POSITION SPLITTING PATCH PANEL OYERRIDE PATCH
PANEL PRIME ANSWERING PATCH PANEL

Task No. 59-730 FIG. 21
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AIR/GROUND PATCHING PANEL

NOTES.
READING TOP TO BOTTOM-TOP PORTION-SPARES SECOND PART-TRANSMITTING
PATCH PANEL
THIRD PART-RECEIVING PATCH PANEL FOURTH PART - TAPE RECORDERS
PATCH PANEL

Task No 59730 FIG 22
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BROADCAST BOOTHS AFTER ACOUSTICAL TREATMENT INDIANAPOLIS ATCS

FIG 23
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REGULATED QUTPUT AMPLIFIERS

NOTES
TYPE CA-1503/1529 SHOWN ON THE RIGHT PACKAGE CONTAINING FIVE MODERNIZED
AMPLIFIERS ATR-1 WUTG DUAL POWER SUPPLY DIRECTLY BELOW, ON THE LEFT

Task No 59-730 FIG 24
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PROTOTYPE CONTROLLERS INPUT DEVICE TO COMPUTERS

NOTES

DISPLAY UNIT AND KEY PACK SHOWING THE THIRTEEN ALPHA-NUMERIC CHARACTER

WINDOWS AND THE NINETEEN CODED BUTTONS

FIG 25
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TWO CONFIGURATIONS OF CONTROLLER UPDATING EQUIPMENTS

NOTES

COMPUTER UPDATING EQUIPMENTS MOUNTED IN THE TWO CONFIGURATIONS

TESTED THE CABIMET ON THE RIGHT CONTAINS STEPPING SWITCHES AND RELAYS

CONTROLLER

FIG 26
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PROPOSED KEYPACK CONFIGURATION
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