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DEVELOPMENT OF
A DYNAMIC AIR TRAFFIC CONTROL SIMULATOR

FOREWORD

The Aiwr Navigation Development Board (ANDRB)
was established by the Departments of Defense and
Commerce 1n 1948 to carry out a unified development
program aimed at meeting the stated operational re-
quirements of the common military/civil air navigation
and traffic control system This project, sponsored and
financed by the ANDB, 13 a part of that program
The ANDB 13 located wathin the administrative frame-
work of the Civil Aeronautics Admimstration for
housekeeping purposes only Persons desiring to com-
municate with ANDB should address the Executive
Secretary, Air Navigation Development Board, Civil
Aeronautics Admimatration, W-9, Washington 26, D C

SUMMARY

This report outlmmes the desired performence
characteristics of an air traffic control simulator and
describes the construection and operation of a dynamic
simulator which was designed to meet these requure-
ments The dynamic simulator provides a means of
studying the eqmipment, the system, and human ele-
ments of an air traffic control system 1n order to obtain
a better understanding of the basic factors which
affect the flow characteristics of the system

Results indicate that the simulator can serve as
a valuable aid 1n the solution of present air traffic
control problems and i research into future systems
Also, 1t has proved to be a very effective tramming aid
for air traffic control personnel

The report includes recommendations regarding
the future design of simulator equipment and the
apphication of simulation techniques

INTRODUCTION

Air traffic control (ATC) 13 a highly complex
subject which 1nvolves such interrelated factors as
aircraft performance characteristics, airport design,
navigational-system characteristics, and human reac-
tions Prior to the implementation of switable simula-
tion techniques, ATC facilities and procedures had to
be developed by cut-and-try methods There was no
way of testing the performance of a new system ex-
cept by the actual use of aircraft after the system was
mstalled Because of the high cost of this method,
1t was not practical to conduct much actual scientific
research into the various factors of the ATC problem
Because of the lack of an opportunity to analyze,
evaluate, and refine the various elements of the system
while they were still in an early developmental stale,
1t was seldom that optimum traffic capacity was ob-
tamned for the money spent on air navigation and
traffic control facihities Over a period of years the
traffic acceptance rate or the capacity of our airway
and terminal-ares traffic control systems for Instru-
ment Flight Rule (IFR) operations has consistently
lagged behind the potential traffic demand rate

For many years simulation has been used 1n other
fields of research as a valuable aid 1n the mnvestigation
of basic characteriatics of proposed systems, 1 the
demonstration or development of proposed procedures,
and 1n the training of personnel to handle such pro-
cedures In view of the particular difficulty in carrymg
out full-scale experiments 1n ATC, the use of simula-
tion was recommended 1n the report by Special Com-
mittee 31 of the Radio Techmieal Commssion for
Aeronautics (RTCA) ' A simulator suitable for ex-

“rAir Traffic Control,” Paper 27-48/D012, RTCA
Special Committee 31, Washington, D C, May 12,
1948

periments m ATC was built by the Division of
Radiophysica of the Commonwealth Scientific and In-
dustrial Research Orgemzation mm Australia, and the
results which were obtained showed close correlation
with the results of similar procedures performed by
real aircraft ® In a eontract placed by the Air Naviga-
tion Development Board with the Franklin Institute,
a study was made of the appheabihity of simulation
to the investigation of ATC problems® From this
study a shde rule and a graphical simulator were de-
veloped, both of which are proving theirr worth as
useful tools 1n the mvestigation of these problems
The value of a dynamie type of simulator which would
melude both the human and the machine elements was
also recognized 1n this study

A simulator for studying human factors m ATC
systems was constructed at the University of Illinom
under the auspices of the National Research Council
(NRC), Committee on Awiation Psychology, with the
use of funds provided by the Department of the Navy *
The simulator provides a promising method for the
simultaneous study of variations 1n systems and pro-
cedures of ATC and of display problems 1n the
presentation of mavigation information, particularly
with respect to changes in heading in the terminal
area This type of simulator uses Link tramner crabs
to represent amwrcraft It was designed primanly to
Smg{ the interaction between mstrument displays and
traffic approach control systems A simulated radar
mdicator 18 provided to the ground controllers

As a result of work completed at the Technical
Development and Evaluation Center of the Civil Aero.
nautics Admimstration on the evaluation of the Nava-
sereen equipment, it appeared that this equipment,
which was developed originally as a pictorial d:splay
for ATC, was particularly well-adapted for use 1n 1t
simulation

It was believed from preliminary studies of this
problem that a logical approach to the simulation of
ATC would be to assume that the problem 1s evolu-
tionary 1n nature Thus, a simulator was constructed
from available components to meet the known require-
ments From thia starting point, necessary improve-
ments were made as operational experience was gained
and as more knowledge of the basic characteristics of
ATC was obtained

DESIRED CHARACTERISTICS

Since means for studying the types and amounts
of information which are required n the pilot’s cock-
pit are already avatlable, the design of an ATC
aimulator should give primary consideration to features
for the study of the functions of the over-all system
and for the study of the requirements of the control
agencies However, simulation both of the aireraft
and of the pilot must be included to the maximum

T D Newnham, “An Air Traffic Simulator,”
Division of Radiophysics, Commonwealth Scientific and
Industrial Research Organization, Commonwealth of
Austraha, October 1949

*S M Berkowitz, W W Felton, R 8 Grubmeyer,
and R R Reid, ““The Applhicability of Simulation to
the Investigation of Air Traffic Control Problems,”
Final Report No F-2130-1, Franklin Institute,
Philadelphia, Pa, March 17, 1850

‘B E Johnson, A C Willhams, Jr, and 8§ N
Roscoe, “A Simulator for Studymmg Human Factors
in Air Traffic Control Systems,” with an appendix,
‘“Diagrams and Technical Descriptions of the Com-
ponents of the Air Traffic Control Simulateor,” by M J
Schwetz, University of Ilhnois, NRC Committee on
Aviation Psychology Report No 11, June 1951



extent practical in the system in order to avoid in-
.complete or unrealistic conclusions based on the simu-
“lation tests. The principal ATC system elements which
must be considered in the design of a simulator can
- be listed as follows: :
- I. The required number of sircraft with their
basic performance characteristics and variations, These
factory include flight speeds, altitude changes, and
turning characteristics, Although these characteristics
vary widely under different conditions, it is possible
to obtain _enough actual flight data to determine the
distribution of these variables. These distributions can
be desl"g.he&/or injected into the simulator.

2. The communications systems between aircraft
and ground agencies and between ground agencies.

3, The navigational information to the pilot of
the aircraft.

4, The layout of the essential components of the
en route and the terminal-area control agencies,
including their information inputs, displays, and
outputs,

5. Means for duplicating, insofar as possible, the
human element in the ATC system, Thiz is done by
providing sufficient numbers of controllers and pilots
to operate the. varicus components of the simulator.
It appears that the variables resulting from the be-
haviors of men can be approximated only by making
the operating conditions closely similar to those which
might exist in the system being tested. Although it
s not possible to duplicate exactly all the stress and
distractions which might exist under actual operating
conditions, every effort is made to keep the conditions
as realistic as possible. The validity of the test results
can be no better than the approximations made and
the extent to which these variables are represented.

6. Means for recording significant data regarding
the performance of the various elements of the traffic
control system during the simulation tests. Since a
greater amount of time is required to analyze the
results than to perform the tests, it is important that
the data be in a form which is as close as possible
to the required end result and which does hot require
an unreasonable amount of interpretation effort.

A fundamental factor in the design of a simulator
is the number of ‘aireraft which will have to be con-
trolled sitnultaneously, since this quantity determines
the complexity and the cost of the equipment as well
as the operating costs of any simulation program. The
required number of aircraft depends to some extent
on the type of system being evaluated. Apparently
there is no single, well-defined number which repre-
sents the maximum number of aircraft which will have
to be controlled simultaneously. However, the problem
may be approached on a statistical basis by finding
the probability that a given number of aireraft will
be at a given time in the control sectors or the ter-
minal areas under study. If, for example, only arriving
aireraft are considered and if it is assumed that de-
parture and over traffic are handled in a manner that
does not interfere with the arriving aircraft, the
solution can be obtained from probability curves.

f it is assumed that the terminal area has a
radius of 30 miles and that a maximum landing rate
of 456 aireraft per hour is used, then the probability
that more than 25 aircraft will be in the control zone
at the same time is about 80 times in a million; and
that 20 or more aireraft will be there is about three
times in a thousand.

Another factor to be considered in the system
being evaluated is the area in which variable control
is used, For example, the system may require aircraft
to follow standard courses, laid down by navigational
aids, until 15 miles from the airport. During the last
15 miles to a landing, the aircraft are placed under
variable control and are directed to different courses
in order to arrive in the proper sequence on the final
approach path. Thus, the variables in the system are
in a smaller area, and this area is the principal one
in which the data and the results are to be determined.

In view of this fact, a smaller number of aireraft can
be used in the simulation tests and can be required
{:o enter the 1B6-mile sector at the proper time and
ocation.

EQUIPMENT DEVELOPMENT

Basic Evolution.

The simulator iz designed around a projection
type of display in which small, controllable aspota of
light representing aircraft are superimposed on a map
projected on & large screen to form the pictorial dis-
play of the ATC system under study. Ever since its
inception early in 1951, the simulator has undergone
an almost continuous evolution during which new
features have been added from time to time and old
equipment has gradually been replaced as better
components were developed for the job.

The initial arrangement utilized the Navascreen
projectors and control consoles in an arrangement
wherein the display was projected in reverse on a
translucent plastic sereen 12 feet square and was
viewed from the opposite side by controllers seated
at an improvised control desk. Although the Nava-
screen projectors have a very aecurate and stable
system of speed control as well as the ability to display
different aircraft identification numbers, they suffered
from a very serious fault; namely, the inability to
make curved transition courses when changing from
one heading to another. The square-turn characteristic
made the resulting flight paths unrealistic and pre-
sented an awkward problem to the operators whenever
a change in heading was required. For this reason,
the Navascreen projectors were soon replaced with
a set of projectors originally developed for the Teleran
demonstration equipment.® These projectors were not
quite as accurate on straight-line flight speeds as the
original Navascreen equipment, but their ability to
make standard-rate left and right turns made the re-
sulting display much more realistic from the standpoint
of simulating the flight paths of actual aireraft.

In addition to these projectors, specialized
terminal-control and en route-control desks were
added, The initial model of a mechanical data-transfer
equipment was developed and installed as a communi-
cations link between the terminal-control and en
route-control positions.

The resulting pictorial display was still unrealistic
because it was presented on a large plastic screen
rather than on a small scope simulating a radar dis-
play. For this reason, a televisien link was added. The
television camera was mounted on the projection rack.
The output of this camera went directly to three 12-
inch catﬂode-ray tubes mounted on the control desks
illustrated in Fig. 1. These displays were much more
realistic from the standpoint of size and equipment
layout, but they were presented on a solid television
raster instead of being painted on the scope by means
of a rotating polar beam. In order to make the displays
more closely resemble the characteristies of a sur-
veillance-radar presentation, an electro-mechanical
linkage was developed to furnish the rotating-beam
presentation.

The original optical projection system projected
the picture on the screen in reverse, a system which
reguired the console operators to observe the picture
through mirrors. The operators were also a rather
great distance from the projectors, so that an addi-
tional perzon was necessary to reposition each pro-
jector at the beginning of each flight. Also, the layout
did not lend itself to further expansion.

For these reasons, a new arrangement of console
and projector racks was built. This layout, which is
shown in Fig. 2, placed the consoles in two tiers of
six each, allowing expansion of the equipment to a

‘Instruction Book for Television Radar Air
Navigation Trainer, Radio Cerporation of America,
Publication IB-38461. .
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Fig 3 A View Of the Operating Consoles and of the Projector Systems Showing the Operators 1
Simulate Aireraft Pilots

total capacity of twelve aircraft In addition, the lay-
out placed the individual projectors within easy reach
of the console operators and thus facilitated the re-
positioning operation The coperating consoles and the
projector systems are shown i Fig 3 Further realism
was added by the development and installation of a
device to inject wind drift into the control problem

DESCRIPTION OF PRESENT COMPONENTS

Map Projector

The map projector 1s the only surviving compon-
ent from the original Navascreen layout It uses stand-
ard 4-1inch by 5-inch lantern shdes, which are made up
as necessary to form the background of navigationa'
systems being tested The scale of the slides determines
the speed scale to be used by the individual spel
projectors

Spot Projector

Each spot projector, as shown in Fig 4, 15 &
gimbal-ring-mounted light box driven from the rear
by a friction drive unit The drive motor 1s a 27 5-voll
d-c permanent magnet umt fed through ship rings
from a regulated d-¢ power supply The motor 1s
connected to a three-speed gear box which drives the
friction wheel The drive motor, the gear box, and the
friction wheel are all mounted 1n a rotatable drum
which may be turned by a separate, geared drive
unit 1n order to drive the light box 1n any desired
direction Rotation of the friction-wheel assembly at
a standard rate of 3° per second 1s effected by a
reversible a-c¢ torque motor

The spot-projector units were all modified from
the origmal Teleran demonstrator projectors Each
projection lamp 1s supplied from an individual 6-volt
tranaformer and 13 controlled from a switch on the
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Fig 4 Spot Projector Which 15 Used to §
Positions of Aireraft on the Scree:

Control of the a-c torque motor 1n ords
right or left turns s effected by the consol
through the use of a three-position switch
jector 1s equipped with a synchro geared to
able drum, so that continuous information



the projector heading 1s avallable to the console op-
erator bv reference to an azimuth indicator which s
connected to a remote synchre on the control console

Speed control of the projector 13 accomphshed by
epplying a varnable d-c voltage to the drive motor
Control 1s obtained from one-fourth to full speed By
proper selectton of gear ratio and of map scale, the
projector can cover a speed range of approximately
100 to 1000 miles per hour {mph)

Operating Consoles

The control panel of a conscle 15 shown 1 Fig 5
The various instruments and controls with their
funetions are listed below

Fig 5 Operating Console Used to Control Spot
Projector for Simulation of Aircraft Movements

TIMER The timer 1s adjustable from 0 to 120
seconds and 15 used to sirmulate runway-
accupancy time and holding-pattern

time

ALTIMETER The altimeter simulates a barometric
altimeter and has provisions for
controlling the rate of descent and
ascent

HEADING INDICATOR The heading indicator 15 a
selsyn repeater that 1s electrically
coupied to the spot projector and thus
indicates the flight course of the spot

TURN SWITCH The turn switch 1z a left-right switch
that controls the motor which rotates
the projector barrel to make standard-
rate turns of 3° per second

MOTOR SWITCH The motor switch applies power
to the projector drive motor

SPEED-CONTROL KNOB The speed-control knob 1s
calibrated 1in mph and contrals the
speed of the spot

PROJECTOR-LIGHT SWITCH The projector-light
switch apphes power to the light for
the spot

RECORD BUTTON The record button, when ac-
tuated, causes deflection of a pen on
the recorder

VOLUME The volume control provides a means
of adjustment for the headphone

volume

CHANNEL-SELECTOR SWITCH The channes-
selector switch can be used to select
any one of six communications
channels

TALK-BUSY SWITCH The talk-busy switch records
busy time i1n the up position and talk
time m the down position In the talk
position, the microphone is connected
to a communication channel

A Lumihne light fixtme 1lluminates the various
controls The panel and the control labeling are de-
signed for good visibility under poor hghting condi-
tions Jacks are provided beneath the console for
headphones and breastsets

Television System

The television system, which 1s diagrammed in
Fig 6, converts the optically projected display on the
screen into a simulated plan-position-indicator (PPI)
radar presentation for the traffic controllers The syn-
chromizing generator generates the timing pulses nec-
essary for a 735-line interlaced television picture with
a field rate of 30 cps and a frame rate of 15 cps
The timing puises from the synchromzing generator
operate the defleetion and blanking circuits of the
television camera The micture displayed on the pro-
Jection sereen 1s optically imaged on the photocathode
of a sensitive-image orthicon tube i1n the television
camera The target of the image orthicon 13 scanned
by the electron beam in square co-ordinates The video
output of the tube 1s amphfied and mixed wth
blanking and synchromizing signals 1 the camera

The composite video-signal output of the tele-
vision camera 1s fed to the operator’s monitor and to
the flying-spot scanner The operator's monitor pre-
sents the information from the television camera 1n
square co-ordinates on 1ts kinescope tube This monitor
18 located close to the television camera 1n order
to facilitate camera adjustments The flying-spot,
cathode-ray tube in the flving-spot scanner projects
the pietorial information from the camera 1n the formn
of a square television raster on a rotating disk A
slot extending from the center of the disk to the outer
edge of 1t 13 used to simulate a PPI type of sweep
The disk 15 driven by a variable-speed motor to sumu-
late various antenna rotational speeds A multipher
phototube on the other side of the disk 1= 1lluminated
bv light that passes through the slot The signal output
from the pholotube 12 amplified by a video amplifier,
and the synchromzation signals are mixed with the
video signals

The video output of the flying-spot scanner 1s
presented on the screens of the 12-inch, cathode-ray
tubes located 1n the two approach consoles and in the
departure-control console An amber filter 1s used over
the faces of the cathode-ray tubes to ehiminate the
blue flash that 15 emitted by a P7-type phosphor

Wind-Drift Simulator

The wind-drift simulator 15 shown 1n Fig 7 This
device 1s a motor-driven mounting rack for the map
projector and for the television camera This rack
operates to move the projector in such a fashion that
the map on the screen travels at a veloeity and direc-
tion corresponding to the desired wind dnft For
exaniple, In order to simulate a north wind of 20 mph,
the map on the screen 1s moved toward the north at
a velocity scaled to 20 mph The projected spots
1epresenting awrcraft on the screen thus appear to be
subject to a drift component of 20 mph toward the
south Because the television camera 15 moved simul-
taneously with the map projector and becanse 1t 18
always aimed at the center of the map on the sereen,
no movement of the map 1s apparent on the television
display at the control desks The wind-drift mechanism
15 actuated by two motors One motor supplies the
north-south component, and the other the east-west



SYHNCHRONVZING
GENERATOR
A OPERATORS
MONITOR
DYNAMIC
SIMULATOR
PROJECTION &
SCREEN FLYI:
SPO
TELEVISION
CAMERA SCANNER
Y Y
SIMULATED SIMULATED SIMULATED
epL DISPLAY PPL DISPLAY PPL OISPLAY
TwWO APPROACH CONTROL CONSOLES DEFPARTURE CONTROL
CONSOLE

AR TECHMICAL DEVELOPMENT
EVALUATION CENTER
INDFA POLIS DY A

Fig 6 Block Diagram of Television System for Radar PPI Simuletion

component of the desired wind drift The motors op-
erate the rack through a worm-drive hinkage Each
motor 18 geared to a d-c generator which supplies a
voltage to a tachometer which thus can be used for
adjusting each motor to the desired operating speed
Winds up to 300 mph mm anv dizection can be simu-
lated by this device The linkages are equipped with
automatic alarms to advise operating personnel when
the map 1s neainng the limit of 1ts travel 1n a certain
direction It 13 then necessary to stop the simulator
and to reset the map position

Piojection Screen

The ongmnal, translucent-plastic screen on the
Navascreen syvstem was intended for dnect viewing
from the opposite side, therefoie, less than 40 per
cent of 1ts Light was 1eflected backh towaird the pro-
jection side When the television system was installed,
a much briphter reflection became necessary For this
1eason, the translucent-plastic screen was replaced by
an opague, beaded-glass scteen, 12 feet squaire

Communications Svstem

The communications system 15 diagiammed 1n
Fig 8 There are s1x commumeations channels m the
simulator Each channel 13 connected to all of the
operator’s consoles and to the three 1adar-controller
positions Channel 6 1~ reserved for air/ground An
Route Traffic Contiol (ARTC) communications The
ARTC position 1s connected to channel 6 onlv, and
1t 15 not movided with a channel-selector switch as
Fig 7 Map Projector and Television Cameia the otheis aie Therefere, the pilot may select channel

Mounted on Wind-Drnift Simulator G for communication with ARTC, o1 he mav select
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any other channel which might be 1n use at the tower
positions for communication with the tower The radar
controllers may select any channel including the ARTC
channel, but interloching cireuits prevent direct tower-
to-ATC ecommunications by this fashion A separate
interphone circuit 15 used for radar-to-ARTC
communlcations

Console operators, 1n addition to beng provided
with m ehannel-selector switch, are proviged wilh head-
sets, breastsets (microphones), and a velume control
They may talk by depressing a switcn, or they may
indicate that they wish to talk and cannot by pressing
this switch up The switch 1s a momentary-contact,
spring-lecaded one The operation 15 of a simplex type
with side tone provided

The radar positions and the ARTC position have
loud speakers instead of earphones and have hand-
held microphones with momentary-contact switches
instead of having breastsets These positions are also
provided with volume controls The major difference
between these posittons and the console ones 13 that
there 1s no side tone provided, a relay muting the
speaker when the controller talks

A public-address svstem is 1nstalled for use 1n
lectures and demonstrations It consists of a separate
amplifier connected to the communications sysiem and
having three loud-speakers located in the simulation
room FEach speaker and each channel have separate
volume controls This svstem can be used to present
a composite picture of the entire traffic operation to
spectators

Data-Recording Equipment

A block diagram of the recording system 1s also
shown in Fig 8 Two Esterline-Angus 20-pen recorders
are mstalled One of these devices records communica-
tions data, at present recording the live time and the
congestion time on each communications channel The
data are segregated according to channel and imtiat-
ing agency The other Esterline-Angus recorder 1s
used to record fhight data such as the time of take-off
or landing or the time of passage over designated
radio fixes A separate pen on this recorder 1s connec-
ted to & push button on each of the contiol consoles

Console operators utilize a code in demgnating the
type of flight information being recorded

A battery of electric clocks 18 utihized to record
total pilot-communications time and total controller-
communications time on each of three selected air/
ground channels Electricimpulse counters are also
used to record the total number of message segments
on each of these circuits Activation of any press-to-
talk switch or of any microphone switch rings up
another number on the appropriate counter Each of
the air/ground channels 15 connected to a ten-channel,
magrnetic, tape recorder, and all channels may be
recorded simultaneously Anv individual channel or
any combmation of channels may be played back

An automatic, single-frame, 36-mm camera s
mounted on the projector rack in order to photograph
the air traffic low on the screen Time exposures are
used 1n most mstances The resulting films form a
time-lapse sequence to show the actual paths covered
by the simulated aircraft in the problem and to show
the location of aireraft at speecific times during the
test run

Time Synchronization

Beczuse all aireraft must enter the problem on
an exact schedule and because delays must be meas-
ured to very close limits, 1t 15 necessary to establish
and maintain a definite time basis for all simulation
runs All clecks and recording equipment mast be
synchronized on this time basis A master switch at
the ARTC position supphies power to the clocks and
to the recorders The Esterline-Angus recorders are
driven by synchronous motors for instant starts and
stops In runming a long traffic problem, 1t 1s desirable
to keep the number of interruptionz at a mmimum

Power Supplies

Power for the activation of the Esterline-Angus
recording pens 1s furmished by a 16-volt d-c power
supply The spot-projector motors and the wind-drift-
simulator motors recerve power from a 28-volt d-c
1egulated power supply Microphone circuits receive
power from a 6-volt d-c, battery-charger power supply
The data-transfer unit receives power from a 110-volt
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Fig o Altitude Blocks of Experimental Data-Transfer System
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Fig 10 Section of Data-Transfer Board Showing Typical Descent Sequence

d-c power supply All other equipment 18 supplied from
the main a-c power source of 110 volts at 60 cps

Date-Transfer Equipment

Early 1n the sumnulation program, an elementary
type of mechanical dats-transfer equipment wes in-
stalled 1n order to determine the basic requirements
of symbolic mformation displays for terminal-area
traffic control and in order to compare the operation
of automatic data-transfer equipment with the old
manual flight-data-posting system

The data-transfer equ:pment conssts of four die-
play boards which are mterchangesble with flight-
progress boards Two boards are mounted at the ARTC
control position and two at the radar control position
The latter installation 15 shown in Fig 1 The boards
are connected as shown 1n Fig 8, 1n order to provide
an interlocking display of symbohc flight data for two
terminal-area holding fixes The equipment 13 powered
by a 28-veolt d-c power supply It includes a pulser

umt, several banks of relays, and a telephone-type
dial uwnit which 18 used to 1mtiate fight information
from the ARTC posrtion

Fhght information consists of an arbitrary two-
digit 1dentification number for each mircraft entering
the problem The information regarding the type of
mircraft 1s coded into the first digit of the 1dentification
number As the aircraft enters the simulation problem,
it 18 cleared by the ARTC controller to one of two
helding fixes to maintain a specific altitude At this
time, the ARTC controller dials the 1dentification num-
ber mto the specified altitude level of the appropriate
display board Because the corresponding boards in
the ARTC and the rader contrel positions are con-
nected in parallel, the identification number dialed into
the ARTC board appears simultaneously at the same
altitude-display block of the corresponding radar con-
trol board As aircraft are cleared to different altitudes
by either the ARTC or the radar controller, the
information 18 transferred from block to block 1n
accordance with the sequence shown in Fig 10



Basically, the equipment provides the following
flight information about each eircraft at the ARTC
and radar positions simultaneously

a Identification

b Type

¢ Clearance limit
d Altitude

Tests showed that this information 15 sufficient
fur voutine terminal-area arrtval-control operations,
provided that it 15 supplemented by a pictorial display
of the traffic situation All transfers of data are han-
dled through the use of push buttons The equipment
1s 1interlocked so that only one aireraft can be cleared
into any block of the system

Because the eguipment saved so much ARTC-
controller time during tre test runs and because 1t
also ehminated the need for a data-trensfer man at
ithe rader-control desk, it was retained for use 1n all
subsequent simulation test. of single-airport terminal
areas Although 1t 18 too elementary for actual opera-
tonal use, the original dala-transfer system has proved
gmte adequate for its purpose in the operation of
simulation tests The lessons and the basic concepts
developed from this equipment have gone into the
design of the more complex limited-data-transfer
equipment now on order for terminal-area traffic
operations

IMPROVEMENTS UNDER DEVELOPMENT

'Television System

A television synchromizing generator, a flying-spoc
ccanner, and a monitor console from the experimental
Pictorial Situation-Display equipment are being medr-
fied for use with the simulator* The present simulator
televizion system will be modified for use with standard
commercial-television scanning rates so that standard
commercial-television components may be added to the
system Use of the higher commercial scanning rates
will reduce the ztroboscomc effects resulting from
simulating high radar-antenna rotational rates

Fig 11 En Route Flight Console

‘Instruction Manual for Experimental Pictorial
Situation Display, Radio Corporation of Amernca,
T'ublication IB-39681

The addition of a second flying-spot scanner to
the television system will provide means for the
addition of radar clutter to the final picture

Spot Projectors

The present spot-tyne projectors are driven by
d-c motors of poor regulation characteristics and by
gears of poor quality As m result, the accuracy of the
spot speeds 1s not satisfaetory Development has been
<tmrted on a new spot-projector drive mechanism which
vill use motor-driven 1nduction gensrators and pre-
cision gear tramns A servo type of system for speed
control 1s expected to 1nwure accuracies of a high
order

En Route Flight Consoles

A new type of console 13 shown in Fig 11 This
console 15 nsed to simulate aircraft flying outside of
the radar area It has no asscciated spot projector
Fach en route console has equipment for simulatmmg
two aircraft It has commumicetiona facihities 1dentical
to those of the other type of consoles Its navigational
mstruments consist of a Grimes Navigator and a 60-
minute timer for each simulated aircraft The Grimes
Navigator 1s a clock-driven device which simulates a
distance measuring equipment (DME)} receiver
Ground-speed mformation which indicates mileage
flown {to a maximum of 100 miles) 1= set into the
device The 60-minute timer can be used for longer
periods

Normally, the operator of this console contacts
ATC only, although the terminal-area communication
channelz are also avallable The operator 13 under
control of ATC until his sircraft enters the terminal
area, at which pomnt a console having an associated
spot projector 1s used for further flight

OPERATION OF THE DYNAMIC SIMULATOR

Types of Research Problems

As explammed previocusly in this report, there 13
a relationship between the required number of simu-
lated aircraft and the size of the control area under
study Because of the relatively small number of
control consoles which have been available for simul-
taineous use, this factor has thus far hmted the
dynamic-simulation program to the study of terminal-
area operations Additional operating consoles wnll
have to be available before the equipment can be used
for tests of extensive en route control areas under
heavy traffic conditions

One of the most extensive simulation programs
which has been conducted so far has been an investi-
gation of the various factors which affect the accept-
ance rate or the capacity of a terrmunal ares The
Washington terminal ares has been used as the basic
area for most of these tests Many hypothetical ar-
rangements of radar facilities were tried out in order
to determine the effects of different faciity layouts
on the flow characteristics of the traffic systerm Many
different control procedures were tested 1n order to
determine methods of reducing coatroller work load
and of increasing traffic efficiency and safety The
1egults of this program are described 1n a forthcomng
report ’

At the request of the Office of Federnl Airways,
{he simulator has been used for studies of specific
terminal areas The object of these studies has been
to determine the best arrangement of navigational
iacilities and the most smitable control procedures for
the areas under study TUp to the present time, the
Norfolk, Washington, and New York terminal areas
have been the subjecta of these traffic studies

"C M Anderson and T X Vickers, “Application
of Simulation Techniques 1 the Study of Terminal-
Area Traffic-Control Problems,’”” CAA Technical
Development Report No 192, October 1852



The New York metropohitan area was the subject
nf an extensive simulation study Embraecing four
major civil airports and two large mihitary sir bases,
the area handles more than 12 per cent of the total
air-carrier traffic in the 1Imited States Preliminary
tests indicated that the t1affic flow 1n this area could
he 1mproved 1f the present system of armval and de-
parture routes could be 1earranged to segregate the
arrival and departure paths for different arperts Ac-
cordingly, the problen was attacked from the air-route
standpoint, as well as from the terminal-area stand-
point, and routes within a radwus of 50 miles were
modified progressively to secure the necessary clear
fiight channels to and from the various airports The
terminal-area approach procedures and facihities were
modified to provide a twin-stack system at La Guardia
Airport, one twin-stack system serving the Newark
and Teterboro mirports, and a single-stack system
serving Idlewild, Mitchell, and Floyd Bennett airports
The results of these tests will be published in a
forthcoming report

In order to accelerate the development program
ior new types of control equipment and thus to reduece
tnhe time lag between the 1nitial concept and the final
commissioning of such aids, simulation tests have
proved valuable 1n pomnting out weaknesses mm the
proposed equipment and 1n facihitating the develop-
ment of better aids and procedures for their use
Extensive tests have bern conducted on automatic
duta-transfer and approach-computer equipment Some
of the results of this phase of the simulation program
will be published in a forthcoming report*

Construction of Traffic Sainples

In order to run simi'ation tests which compare
one set of conditions against another, it 1s necessary
Lo have a standard input of aircraft into the problem
This mput takes the form of one or more traffic
samples which are made up to sitmulatz the operation
of a number of aircraft with specific speed, ¢limb, and
lescent characteristics These aircraft are carefully
echeduled to enter the problem at predetermined times
and locations and to fly specific routes to specific
destinations

The vahdity of any smmulation test depends a
great deal on the traffic sample used This sample must
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be formulated with care 1n order to mmsure that the
test results will indicate the results which could be
expected 1n actual operation For example, the speed,
climb, and descent programs for the various aircraft
should be as realistic ss possible The proportion of
varlous types of aireraft using the terminal area should
rpproximate the proportion expected 1n actual opera-
tion The proportion of traffic desiring to use the
various routes should also be consistent with the route
dietributions expected m actusl use In addition, the
traffic sample must be lar¢e encugh to msure & good
degree of statistical equihbrium This 1mplhes that it
should be large enough te take in suffictent combina-
tions of situations so that the result will indicate the
over-all operating characteristics of the traffic control
system, rather than merely its performance 1n handhng
one specific sample of aircraft
Most traffic controllers have noted that air traffic
tends to enter the terminal area in bunches rather
than 1n a smooth, steady fiow Another way to express
this fact 13 to say that there are many more short
intervals than there are long intervels between suc-
cessive entries This trait, which 13 8 characteristic of
all types of random flow, 15 reproduced 1n simulator
traffic samples through use of Poisson's formula, or
the law of small numbers A detailed desecription of
the application of this formula in the construction of
tiaffic samples appears 1n an air-traffic-simulation
report prepared by Franklin Institute Laboratories®
For tests of existing airports, actual flaght-

progress strips from a typical day’s IFR operations are
used to furmish a typical sequence of the following
data for the traffic sample

1 Aircraft i1dentification ana types

2 Departure airports, routes, and destinations

3 Entry altitudes

One consideration 1n setting up a simulation test
program 13 to obtain a maximum amount of sigmificant
information ahout the sy<stem flow characteristics 1n
a mmimum number of working hours Since potential
bottlenecks are not as apparent during heght traffic
conditions, 1t 15 usually necessary to accelerate the

‘8 M Berkowitz, ‘Analytical and Simulation
&tudies of Several Radar-Vectoring Procedures 1n the
Washington, I C, Termunal Area,” CAA Technical
Development Report No 222, not yet published

TABLE I

SFEED AND DESCENT PRCGRAMS

*Ibid
Classification Typical
Representative
Type Cruise
{(mph}
Slow DC-3 180
Medium Convair 240 240
Fast Constellation 290
Jet F -84 400

Speed Program Descent
Rate
*[ntermediate **Approach
(mph) (mph) (fpm)
150 120 500
130 140 500
220 150 1000
300 180 3000

* In zone extending from 10 miles to 5 miles (approxirnately) from the approach gate
** In zone extending from 5 miles (approximately) from the approach gate to touchdown

Exception Jet awrcraft continue at cruising speed until reaching the holding fix at 20,000 feet,
then conduct letdown at intermediate speed until approximately 5 miles from the
approach gate



flow rate, as shown by actual flight-progress strips, to
a rate more suitable for test purposes Thiz 1s done
by adepting a set of random-entry tntervals determined
through use of Paisson’s 1ormula

When 1t 15 not possible to secure actual flight-
progress strips from past typical operations, traffic
samples are complled from available statistics regard-
mg the percentages of different types of aireraft using
the terminal area and the percentages of traffic utihz-
g different routes in the area Appropriate aircraft
dentifications, flight characteristics, and rouvtes are
then assigned to the various awrcraft in the sample
through use of a throw-cown techmigue Entry times
are assigned through use of intervals determined by
rosson's formula Pecent analvsis by the Franklin
Institute 1indicates that traffic samples about two hours
1n length are satisfactory from the <tandpoint of
statistical stability

In the interests of convemence, aircraft utilized m
ast simulat on tests have been divided 1mto four
arbitrary classifications Speed and descent programs
are listed 1n Table 1

System Messurements

One of the most important advantages of traffic
simulation 18 that it furnishes a means of obtaining
actual measure nents of various operating character-
1stics of a control system These measurements can
show the relative superiority of one system or pro-
cedure over another When interpreted judiciously,
they can furnish the justification for the procurement
of desirable chenges or modifications 1n control
facilities or procedures

Several different (nteria are used n scoring one
traffic control system aganst another The actnal se-
lection of the various factors to be measured 1n simu-
latton tests depends somewhat on the objective of the
tests themselves Certaln measurements are basic to
practically all tests One of these 13 the measurement
of awrcraft delay This factor 1s indicative of the
efficiency of the system in handling a specific traffic
demand rate, since the function of any system 1s to
provide a smooth, orderly flow of traffic with mimimum
delay to any one aircraft and with an equrtable
distribution of any necessary delays

The concept of aircraft delay, as used 1n simula-
tion tests, differs somewhat from the concept presently
used m the field in tabulating delays for the CAA
Monthly Traffic Summary In actual traffic operations,
it 15 not possible to determine delays due to path
stretching and to velocity control The only delays
which can be measured are those which are accrued
by aircraft i holding patterns This has given rise
to the fallacy that traffic aelays occur only when held-
ng patterns are used However, 1n simulation tests 1t
15 possible to measure the total delay due to holding,
path-stretching, and velocity control This 15 done by
comparing the actual arrivel time of the aircraft m
the problem with the theoretical arrival time shown on
the basic schedule of the traffic sample This total
delay 1z known as the “‘absolute delay” The term 1s
defined as any excess of flying time over that which
would be required to complete an approach on the
shortest practicable path and with no other traffic
Most evaluation studies include tabulations of average
and maximum abaolute delays encountered

An important criterion in the evaluation of new
or modified traffic control systems, procedures, or
equipment 13 the work-load factor In the interesats of
safety and efficiency, 1t 15 essential that the amount of
controller work load required per aircraft be kept as
low as possible Communications measurements are
signficant indices of controller work load

In simulation tests, the following communicalions
factors are mensured

1 Total live time on each air/ground channel

2 Total number of separate messages on each
channel

3 Total time communications chennels are con-
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gested (when two or more pilots desire to use a
channel simultaneously)
4 Total intercontroller co-ordination time

These measurements are used to determine the
average amount of communications required per air-
craft and to determine the relative loading of the
various channels

In systems which utilize radar vectoring, another
index of controller work load 1s obtamned through the
measurement of the average number of aircraft under
simultanecus guidance by the radar controllers

Significance of Measurements
The validity of the simulation test results depends
on the accuracy of the equipment, the performance of
the personnel involved, and the degree of simulation
of the important characteristics of the system
Comparison of previous tests with the results
attamned 1n actual operations indicates that the speed
and course errors in the sumulation equipment produce
deviations roughly equivalent to the deviations of
actnal aircraft 1n terminal-area operations
In running a simulation program relating to a
specific terminal area, one factor which has given
concern 1n the past 1s the possibility that the control
personnel may ectually become too expert 1n handling
the specific situations presented by the traffic problem
In such a case, the simulation results would appear
to be much better than the resulls which could be
expected from actual operations by control personnel
who did not get the opportunity to handle hundreds
of traffic operations of this type 1n a short period of
time
This symptom was detected in early simulation
operations, particularly in repeated runs of a short
traffic sample In this case, control personnel soon
memorized the problem and anticipated perfectly what
was gowing to happen next To correct this condition,
which tended to bias the results, the following
procedures were found desirable
1 Use of longer traffic samples
2 Use of more than one sample, 1f possible
3 Rotation of personnel between control positions
to minimize the possibility of unconscious memorizing
of traffic situations
4 TUse of additwonal personnel, preferably from the
loeation which 1s being tested
This latter procedure has been found advanta-
geous for several reasons
a It decreases the effect of the human factor by
utilizing & laerger sample of representative
controllers
b It furnishes additional manpower for running
the simulation tests
¢ Field personnel are often able to furnish de-
tailed information regarding local problems, rules,
or restrictions, whieh informatjon tends to make the
tests more realistic
d It serves as a tramming aid for field personnel
by gving them concentrated experience 1 handhing
heavy traffic through use of the procedures being
developed
e Field personnel participating in the tests can
gam a better understanding of the reasons why
certain procedures are more effictent than certain
other procedures
Every effort 13 made to keep the simulation tests
as realistic and consistent as possible However, 1t 1s
not practical to reproduce in the laboratory all the
complications and distractions which might exist under
actual operating conditions Therefore, 1n studying
reports of the s.mulation tests, it should be reahzed
that the quantitative test results may not be duplicated
exactly 1in actual practice However, since the same
equipment, personnel, and traffic samples are used 1n
all phases of comparative tests, the results are mdi-
cative of the relative performance of each system and
can be safely regarded as qualitative mmformation



CONCLUSIONS

1 The present method of utilizing an electrome-
chanically driven optical projector to simulate aireraft
movement and of utilizing a televimion Linkage to
display the traffic situation to the controllers 1s satis-
factory from the mimulation standpoint This demgn
18 preferable to the all-electronic methods which have
been developed to date because i1t 18 much simpler to
construct and to maintain

2 The dynamic simulator furnishes a valuable meth-
od of testing proposed ATC equipment while such
equipment 13 still in the developmental stage

3 The simulator 1= a very useful laboratory device
for determining the basic laws which affect traffic
flow Much of this knowledge can be utilized to place
the planning of sir-navigation and traffic-control aids
on a more sclentific basis than has been possible here-
tofore In addition, such knowledge can be used to
develop more efficient control methods and thereby to
reduce the amount of controller work load per aireraflt

4 The symulator provides a very effective means of
quickly pointing out potenfial bottlenecks in specific
ATC systems and thus facilitates the development of
better combinations of facilities and procedures to
achieve maximum traffic capacity for the money spent
on system mod.fications It hes proved to be a valuable
anid for tramming ATC personnel in the finer points of
radar trafflc control

6 The total number of projectors has an important
effect on the size and complexity of the simulator
Since size and complexity have a direct effect on
equipment and operation costs, a practical maximum
desirable number of projectors probably exists To
investigate all phases of en route and terminal-area
traffic control, 1t probably would not require complete
simulation of more than two en route sectors and two

QPO 804591 — 1

12

terminal areas aimultaneonsly It 18 believed, therefore,
that the uliimate practical simulation design need
never exceed a capacity of B0 controllable aircraft
targets

RECOMMENDATIONS
1 If 1t 18 assumed that 1t will 20on be posmble to
apply many of the basic principles which have been

learned during the simulation program to the improve-
ment of present terminal-area traffic systemas, the
greatest opportumty for useful inveatigation of trafie-
flow procedures and characteristics lies 1n the study
of en route traffic problems It 1s highly important,
then, that the facilhities for the present simulation
program be augmented in order that they might be
available for use 1in the en route phase of the ATC
problem

2 In drawing up specifications for a new simulator,
the requirements histed in this report should be con-
sidered In modifymeg the present simulator, the most
important needs are

g Additions]l projectors and associated control
coneoles

b Increased mccuracy in projector-speed control

¢ Improved meanz of simulating certamn facil-
ities, such as radars, pictorial and symbolic displays,
co-ordinating devices, and other equipment

From time to time, additional types of naviga-
tional and control eqaipment will have to be simulated
For example, considerable work 13 planned on tests
and on the development of various types of displays,
includmg horizontal plotting scopes It 18 important
that the over-all simulator design be pufficiently
versatile and flexible that such equipment can be
nccommodated



