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DEVELOPMENT OF 

A DYNAMIC AIR TRAFFIC CONTROL SIMULATOR 

FOREWORD 

The Am Nav,gat,on Development Board (ANDB) 
was estabhshed by the Departments of Defense and 
Commerce m 1948 to carry out a umded development 
program a,med at maetmg the stated operatmnal re- 
qu,remente of the common m,htary/cwd am nangatmn 
and traffic control system This pro,ect, s 

l 
onsored and 

financed by the ANDB, ,s a part of t at program 
The ANDB ,s located ,v,thm the admmmtratwe frame- 
work of the C,v,l Aeronaut,es Admwstratmn for 
housekeepmg purposes only Persons des,nng to com- 
mumcate wth ANDB should address the Executwe 
Secretary, Am Nav,gat,on Development Board, C,v,l 
Aeronautws Adm,n,stratmn, W-9, Washmgtan 26, D C 

SUMMARY 

This report outlmes the desrred performance 
charactenstlcs of en mr treffic control smmlator and 
describes the constructmn and aperatmn of B dynam,c 
s,mulator which was desIgned to meet these reqwre- 
menta The dynamw simulator prowdes B means of 
studymg the equ,pment, the system, and human ele- 
ments of an a,r traffic control system ,n order to abtam 
a better understandmg of the bas,c factors whwh 
affect the flow characterlstlcs of the system 

Results ,nd,cate that the s,mulator can serve as 
a valuable a,d ,n the solutmn of present am traffic 
control problems and ,n research mto future systems 
Also, It has proved to be a very effectwe trammg a,d 
for mr traffic control personnel 

The report mcludea recommendatmns regardmg 
the future des,gn of s,mulator equ,pment and the 
apphcatmn of s,mulet,on techmques 

INTRODUCTION 

Am traffic control (ATC) 1s a highly complex 
subject wh,ch mvolves such mterrelated factors as 
amcraft performance charactenstlcs, a,rport dwg,,, 
nangatmnal-system character,st,cs, and human reae- 
tmns Prmr to the ,mplementat,on of sueable s,mula- 
tmn teehmques. ATC fac,l,t,es and procedures had to 
be developed by cut-and-try methods There was no 
way of testmg the performance of B new system ex- 
cept by the actual use of a,rcraft after the system was 
mstalled Because of the h,gh cost of th,s method, 
,t was not practw.1 to conduct much actual sc,ent,fic 
research mto the var,ous factors of the ATC problem 
Because of the lack of an opportumty to analyze, 
evaluate, and refine the v~r,ous elements of the system 
whde they were st,ll ,n an early developmental stale, 
It was seldom that opt,mum traffic capacxty was ob- 
tamed for the money spent on an nawgatmn and 
traffic control faclhtms Over a penod of years the 
traffic acceptance rate or the capae,ty of our a,rwag 
and termmal-area tra3i.z control systems for Instru- 
ment Fhght Rule (IFR) operatmns has consnstentlg 
lagged behmd the potentml traffic demand rate 

For many years slmulatmn has been used m other 
fields of research as a valuable a,d I,, the mvestlgatmn 
of bas,c character,st,es of proposed systems, ,n the 
demonstratmn or development of proposed procedures, 
and m the trammg of personnel to handle such pro- 
cedures In new of the part,cular d,Aculty m carrymg 
out full-scale expenments ,n ATC. the use of s,mula- 
tmn was recommended m the report by Specml Com- 
m,ttee 31 of the Rad,o Techmeal Comm,ss,on for 
Aeronaut,cs (RTCA) ’ A s,muletor su,table far en- 

‘“Am Traffic Control,” Paper 21.43/D012, RTCA 
$~,a1 CommIttee 31, Washmgton, D C, May 12, 

perrmenta m ATC was bwlt by the D,vmmn of 
Radmphysms of the Commonwealth Se,ent,Ac and In- 
dustrml Research Orgamzatmn m Austraha. and the 
results wh,ch were obtamed showed close correlation 
wth the results of slmllar procedures performed by 
real alreraft D In a contract placed by the Av Nanga- 
tmn Development Board wth the Franklm Inst,tute, 
a study was made of the apphcab~bty of s,mulat,on 
to the ,nvestlgat,on of ATC problems’ From th,s 
study a sbde rule and a graph,eal s,mulator were de- 
veloped, both of wh,ch are proving then worth as 
useful tools I,, the ,nvest,gat,on of these problems 
The value of a dynamm type of nmulator whwh would 
mclude both the human and the machme elements was 
also recogmsed ,n thm study 

A a,mulator for studymg human factors m ATC 
systems was constructed at the Un,vers,ty of Ill,nols 
under the ausp,ces of the Natmnal Research CounclI 
(NRC), CommIttee an Av,at,on Psychology. xnth the 
use of funds pronded by the Department of the Navy ’ 
The simulator provides a prom,s,ng method for the 
s,multaneous study of vanatmns m systems and pro- 
cedures of ATC and of display problems m the 
presentat,on of nangat,an Informstmn. part,cularIy 
wth respect to changes m headmg I,, the termmal 
ama Th,s type of s,mu,ator uses Lmk tramer crabs 
to represent a,rcraft It was deslgned pnmanly to 
stud the mteractmn between mstrument d,splaya and 
tra d c approach control systems A a,mulated radar 
mdxator ,s prawded to the ground controllers 

As a result of work completed at the Technxal 
Development and Evaluatmn Center of the Cw,l Aero. 
naut,es Admnnstrstmn on the evaluatmn of the Nava- 
screen equ,pment, ,t appeared that thw equipment, 
which was developed or,g,nally as a p,ctorml d:splay 
for ATC. was part,eularlr well-adapted for us.? m ,ta 
s,mu1at,on 

It was heheved from prehmmary studles of th,s 
problem that a log,cal approach to the s~mulatmn of 
ATC would he to assume that the problem ,s evolu- 
tmnarv m nature Thus. a slmulatar was constructed 
from &lahIe componmits to meet the known reqmre- 
ments From th,s startmg pant, necessary ,mprove- 
ments were made as operatmnal expenence was gamed 
and as more knowledge of the bas,c character,st,cs of 
ATC was abtamed 

DESIRED CHARACTERISTICS 

Smce means for studymg the types and amounts 
of mformatmn wh,ch are required ,n the pdot’s cock- 
pit are already avadable. the design of an ATC 
3,mulator should g,ve pnmary eans,deratmn to features 
for the study of the functmns of the over-a11 system 
and for the study of the requ,rements of the control 
agencws However. s,mulatmn both of the a,rcraft 
and of the p,lot must be mcluded to the max,mum 

T D Newnham, “An Air Traffic S,mulator.” 
D,v,s,on of Radmphysxs, Commonwealth Sc,entlf,c and 
Industrml Research Orean,zat,on. Commonwealth of 
Austraha, October 194$ 

‘S M Berkawtz, W W Feltan. R S Grubmeyer, 
and R R Re,d, “The Appl,cab,l,ty of S,mulat,on to 
the Invest,gat,on of A,r Tra+,ic Control Problems;’ 
Fmal Report No F-2130-1. FrankIln Institute, 
Ph,ladeloh,a. Pa. March 17. 1960 

‘B ‘E iohisan. A C’ W,ll,ams, Jr, and S N 
Roseoe. “A Simulator far Studymg Human Factors 
m Ax Traffic Control Systems,” w,th an appendm, 
“Dmgrams and Techmeal Descr,pt,ons of the Com- 
cmnents of the A,r Traffic Control Bmulatar.” bv M J 
Schwetz, Un,vers,ty of Ill,no,s, NRC Comm&e on 
Awatmn Psychology Report No 11, June 1961 



extent practical in the system in order to avoid in- 
,complete or unrealistic eoncluaions 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: 
r;_ The required number of aircraft with their 

basic performance characteristics and variations. These 
,factors~ include flight speeds, altitude changes, and 
turning characteristics. Although these characteristics 
vary widely under different conditions, it is possible 
to obt&eno”gh actual flight data to determine the 
di&ribution of these variables. These distributions can 
be d&i&e& or injected into the simulator. 

‘i. Th~ccommunications systems between aircraft 
and gro+d 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. 

6. Means for duplicating, insofar as possible, the 
human element in the ATC system. This is done by 
providing sufficient numbers of contrtillers and pilots 
to operate the various 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 
is 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 varmhles are represented. 

8. 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 he in a form which is as close as possible 
to the required end result and which does not require 
an unreasonable amount of interpretation effort. 

A fundamental factor in the design of a simulator 
is the number of ‘aircraft which will have to be con- 
trolled simultaneously, since this quantity determines 
the complexity and the cost of the equipment as well 
as the operating casts of any +mlation 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 he controlled simultaneously. However, the problem 
may be approached on a statistical basis by finding 
the probability that a given number of aircraft will 
be at e given time in the control sectors or the ter- 
minal areas under study. If, for example, only arriving 
aircraft 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. 

If it is assumed that the terminal area has a 
radius of 30 miles and that a maximum landing rate 
of 45 aircraft per hour is used, then the probability 
that more than 25 aircraft will be in the control zone 
at the same time is about SO times in a million: and 
that 20 or more aircraft 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 syetem 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 tom 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 urea, 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 aircraft can 
be used in the simulation tests and CB” he required 
to enter the 16-n& sector at the proper time and 
location. 

EQUIPMENT DEVELOPMENT 

Basic Evolution. 
The simulator is designed around a projection 

type af display in which small, controllable spots of 
light representing aircraft are superimposed on a map 
projected on a large screen to form the pictorial dis- 
play of the ATC system under study. Ever since its 
inception early in 1961, 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 screen 12 feet 8q”are and was 
viewed from the opposite side by controllers seated 
at an improvised control desk. Although the Nava- 
screen projectors have B very accurate 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 v?as required. For this reason, 
the Na&creen projectors v&e 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 
oriainal Navascreen euuiument, but their ability to 
make standard-rate left aid right turns made the re- 
sulting display much more realistic from the standpoint 
of simulating the flight paths of actual aircraft. 

In addition to these projectors. specialized 
terminal-control and en -rou&-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 “ositions. 

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 television link was added. The 
television camera wus mounted on the projection rack. 
The out ut of this camera went directly to three 12s 
inch cat ii ode-ray tubes mounted on the control desks 
illustrated in Fie. 1. These disnlws were much more 
realistic from t& 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 characteristics 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 
rewired the console oper’ators to observe the picture 
through mirrors. The -operators were also a -rather 
great distance from the projectors, so that an addi- 
tional person 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. allowine exoansion of the eauinment to a _ . . . 

‘Instruction Book for Television Radar Air 
Navigation Trainer, Radio Corporation of America, 
Publication IB-38461. 



Fig. 1. Control Desks Showing the Simulated Radar Displays and the Data-Transfer Equipment 
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Fig 3 A Vxw Of the Operatmg Consoles and of the Protector Systems Showmz the Operators Used 
Snnulate Areraft Pllots 

total capaaty of twelve amcraft In addltlon, the lay- 
out placed the md,v,dual proJecton wthm easy reach 
of the console operators and thus faclhtated the re- 
pos,t,on,ng operation The operatmg consoles and the 
pro,ector systems are shown m Wg 3 Further reahsm 
was added by the development and mstallatlon of a 
dewce to mject wmd dnft mto the control problem 

DESCRIPTION OF PRESENT COMPONENTS 

Map ProJector 
The map projector 1s the only surwwng compon- 

ent from the or1gum.1 Navascreen layout It uses stand- 
ard 4.mch by 5.meh lantern shdes, which are made up 
as necessary to form the background of nangat,ona’ 
systems bang tested The scale of the shdes determmea 
the speed scale to be used by the md,wdual spot 
pro,ectors 
spot ProJector 

Each spot pro,ector, as shown ,n F,g 4, IS a 
gimbal-ring-mounted light box driven from the rear 
by a fnctlon drive umt The dnve motor ,s a 27 S-volt 
d-c permanent magnet umt fed through shp rmgs 
from a regulated d-c power supply The motor ,s 
connected to a three-aped gear box wh,ch drwes the 
fnctlon wheel The dnve motor. the gear box, and the 
frlctlon wheel are all mounted ,n a rotatable drum 
which may be turned by a separate, geared dnve 
un,t ,n order to drwe the hght box ,n any desred 
dmxtlon Rotation of the fr,ct,on-wheel assembly at 
a standard rate of 3” per second IS eRected by a 
revers,hle a-c torque motor 

Fig 4 Spot Prelector Which IS Used to Snnulate 
Poslt,ons of Arcraft on the Screen 

The spot-proJector un,ts were all mod&d from 
the ongmal T&ran demopstrator pro,ectors Each 
pro,ect,on lamp IS supphed from a,, ,nd,v,dua, G-volt 
transformer and 1s controlled from a switch on the 
rontro, con401e 

Control of the a-c torque motor m order 
right or left turns IS effected by the console 
through the “se of a three-posltmn swtch 
,ector IS equipped w,th a synchro geared to 
able drum, so that eontmuous mformat,on 



the pro,ector hendmg IS axadable to the console op- 
erator bv reference to en aznnuth mdlcahar wh,ch ,e 
connected to e remote synchro an the control console 

Speed control of the pro,eetor 1s aceomphshed b> 
applymg a vanable d-r voltage to the drwe motor 
Control 1s obtewed from one-fourth to full speed By 
proper selectron of gear ratlo snd of map scale, the 
pro,ector can cover a speed range of approximately 
100 to 1000 mdes per hour (mph) 
Operatmg Consoles 

The control panel of a co”sole 1s shown I,, R,rr 5 
The var~o”s mitruments and controls with Fhhelr 
functions are lasted below 

Fig 5 Operatmg Console Used to Control Spot 
Pro,ector for S,mulat,o” of Amcraft Movements 

TIMER The timer 1s ad,“stable from 0 to 120 
seconds and 1s used to simulate runway- 
occ”p~“cy tnne and holdlne-oattern 
tme- 

I . 

ALTlMETER The altmxter smmlates a barometnc 
altimeter and has pra,,s,ons far 
eantrollme the rate of descent and 
ascent - 

HEADING INDICATOR The headmg md~cator 1s a 
selsyn repeater that 1s eleetr~call, 
coupled to the spot prowctor and thus 
mdlcates the flight course of the spot 

TURN SWITCH The turn switch 1s a left-right sp,tch 
that controls the motor which rotates 
the pro,ectar barrel to make standard- 
rate turns of 3” “er second 

MOTOR SWITCH The motor &tch apphes power 
to the aro,ector dnve mnt.nr 

SPEED-CONTROL KNOB The speed-control knob ,s 
calibrated I” mph and controls the 
speed of the spot 

PROJECTOR-LIGHT SWITCH The pro,ector-hght 
swtch apphes power to the hght for 
the spot 

RECORD BUTTON The record button, \\hen ac- 
tuated. ca”ses deAect,on of a pen on 
the recorder 

VOLUME The volume control prondes a means 
of ad,“stme”t for the headphone 
volume 

CHANNEL-SELECTOR SWITCH The channer- 
selector swtch can be used to select 
any one of 91x communlcatlona 
channels 

TALK-BUSY SWITCIT The talk-busy swtch records 
busy tune I” the “D “oatlo” and talk 
tlmi m the down <o&on In the talk 
pos,t,on, the microphone 1s connected 
to a eomm”n,eat,on channel 

A Lumdme hght Bxt”,e ~llummates the VBI‘~O”J 
controls The panel and the control labelmg ere de- 
swned for good vlslblhty under poor hghtmg eandl- 
tlons Jacks are prowded beneath the console far 
headphones and breastsets 
Tele\rs,on System 

The telenslon system, wh,ch 1s dragrammed m 
Fig 6, converts the optw.‘ly pro,eeted d,splay on the 
screen mto a smmlated plan-pos,t,on-l”d,cator (PPI) 
radar present&Ion for the traffic controllers The ey”- 
chromzmg generator generates the tmung pulses “ec- 
essary for a 735.hne mterlaced telewsmn pmture wth 
a field rate of 30 cps and a frame rate of 16 cps 
The tn-omg pulses from the synchromzmg generator 
operate the deflectlo” and blankmg c,rc”,ts of the 
televwon camera The pxture dIsplayed on the pro- 
,ectlan screen 1s optically ““aged on the photocathode 
of a sens&ve-mmge ortbwon tube m the telewslon 
camera The target of the ,mage orthlcon 1s scanned 
by the electron beam m square co-ardmates The vldea 
o”tp”t of the tube IS amphded and mnzed wth 
blankmg and synchromzmg s,gnals m the camera 

The compos,te wdeo-s,gna, outpvt of the tele- 
VEIOI, camera ,s fed to the operator’s momtor and to 
the Rymg-spot scanner The operator’s momtor pre- 
sents the mfarmat,o” from the telews~on cemere I” 
square co-ordmates on ,te kmescope tube Th,s momtor 
IS located close to the telews,on camera m order 
to fscdltate camera ad,“stments The flymg-spot, 
cathode-ray tube m the flvmg-spot scanner pro,ects 
the p,ctar,al ,nformat,on from the camera m the form 
of B sq”are telev,slon raster o” a rotatmg disk A 
slot extendmg from the center of the disk to the outer 
edge of It IS used to snnulate a PPI type of sweep 
The d,sk 1s drwen by e vanable-speed motor to mm”- 
late various antenna rotational speeds A multlplw 
phototube on the other side of the d,sk ,s ,ll”mmated 
bv hght that passes through the slot The signal output 
from the phototube IS amphfied by a v,deo amphfier, 
and the synchromzat,o” s,gnals are m,xed with tho 
video signals 

The wdeo output of the flymg-spot scanner 1s 
presented on the screens of the 1%meh, cathode-ray 
tubes located ,n the two approach consoles and I” the 
departure-control console An amber filter 1s used over 
the faces of the cathode-ray tubes to elnmnate the 
blue flash that 1s emItted by a P7-t,pe phosphor 
Wmd-Dnft Slmulatar 

The wmd-drift simulator IS shown I” Fig 7 This 
dewce ,s a motor-driven mountmg rack for the map 
pro,ector and far the telerwon camera This rack 
operates to move the pro,ector ,n such a fashion that 
the map on the screen travels at a velocity and drec- 
tlan carrespondmg to the des,red wmd dnft For 
example, I” order to amulate a north wmd of 20 mph, 
the map an the screen 1s moved toward the north at 
a velac,ty scaled to 20 mph The proJected spats 
,epresentmg anwaft on the screen thus eppear to be 
s”b,eet to a dnft component of 20 mph toward the 
south Because the telenslon ternera IS moved snnul- 
raneously wth the map pro,ector and because ,t IS 
always almed at the center of the map on the screen, 
no movement of the map 1s apparent on the televmlon 
display at the control desks The wmd-dnft meehamsm 
1s actuated by two motors One motor supphes the 
north-south component, and the other the east-west 



Rg 6 Block Dmgram of Televwon System for Radar PPI S,mulatlon 

Fig 7 Map Prelector and Televw~on Camela 
Mounted on Wmd-Dnft Slmulatar 

component of the dewed wmd dnft The motors op- 
erate the rack through a worm-dnve lmkage Each 
motor ,s geared to a d-c generator wh,eh supphes a 
voltage to a tachometer wh,ch thus can be used for 
ad,ustmg each motor to the dewed operatmg speed 
Wmds up to 300 mph m an” due&on can be amu- 
lated b” th,s device The hnkages are eqmpped wth 
automatre alarms to ad>Ise operatmg personnel when 
the map IS neamg the hm,t of Its travel I” a eertam 
dweet,on It IS then necessary to stop the smmlator 
and to reset the map pos,tlon 

PIoJeetlo” Screen 
The ongmal, translucent-plastx screen on the 

Navsscreen system n\as Intended for dnect wewmg 
from the oppaslte side, therefole, less than 40 per 
cent of ,tr lxht was leflected baeh towad the pro- 
,ert,an s,de When the telenslon system was Installed, 
a much bnghter reflectlo” became necessary For this 
leason, the t,anslueent-plast,c screen was lepleced bv 
an opaque, beaded-glass seleen, 12 feet square 

The commumcat,ons vstem IS dwlammed 11, 
F,c’ 8 The,e are SIX rommumratmns channels in the 
snnulatar Each channel 1s connected to all of tho 
operator’s consoles and to the three ,ada,-controller 
posItIons Channel 6 15 reserted fol ax/ground An 
Route T,afic Cont,ol (ARTC) eommumrat~ons The 
ARTC pos,tlon 1s connected to channel 6 onl”, and 
,t IS not ,,,a”lded ulth a channel-selectal switch a’i 
the athe,? .ue The,cEo,e. the ,,,lot may select chnnnel 
R fo, <ammumrat~o~~ wth ARTC. 01 he ma” select 



F,g 8 D,agram of Csmmun,cat,ons and Reeoramg System (Data-Transfer S,stem Not Included) 

any other channel whxh m,ght he m use at the tower 
pos,tlons far commumcatmn with the tower The radar 
controllers may select any channel mcludmg the AR’K 
channel, but mterlocL,ng c,rcu,ts prevent drect tower- 
to-ATC cammumcat,ons by tb,s fashion A separate 
mterphone e,rcu,t IS used for radar-to-ARTC 
eo”““nlcatlo”a 

Console operators, m add,t,on to bang prowded 
with B channel-selector swtch. are prowned wlh head- 
sets, breastsets (m,crophones), and a volume control 
They may talk by depressmg a swtcn, or they may 
md,cate that they w,sh to talk and cannot by pressmg 
th,s swtch up The swtch 1s a momentary-contact, 
spring-loaded one The aperatIon 1s of a simplex type 
with s,de tone prowded 

The radar posltmns and the ARTC posItIon hsvc 
loud speakers “stead of earphones and have hand- 
held m,cropnones wth momentary-contact swtches 
“stead of havmg breastseti These pos,t,ons are also 
prowded wth rolume controls The mayor difference 
between these pos,t,ons and the consoie ones ,s that 
there IS no s,de tone prawded, a relay “utmg the 
speaker when the controller talks 

A pubhe-address svste” 1s “stalled for use ,n 
lectures and demonstrat,ons It corrs,sts of a separate 
amphhe, connected to the co”“un,cai,ons system and 
hawng three loud-speakers located ,n the s,mulatlon 
room Each speaker and each channel have separate 
volume controls Th,s svstem can be used to present 
a composite pwture of the entre traffic operation to 
ipectators 
Data-Record,ng Equlpment 

A block dmgram of the recordmg system 1s also 
shox,n ,n F,g 8 Two Esterlme-Angus 20.pen recorders 
are mqtalled One of these devices records cammumca- 
t,ans data, at prcyent recordmg the hve time add the 
consestlon time on each ca”“umcat,ans channel The 
data are segregated accordmg to channel and m,t,at- 
mg agency The other EsterlIne-Angus recorder 1s 
used to record A,ght data such ah the t,“e of take-off 
or landme or the time of oa~saee over deswnated 
rad,o fires’ A separate pen or; th,s;ecorder 1s cinnec- 
ted to B push button on each of the control consoles 

Console operators ut,hze a code m deswnatmg the 
type of B,ght mformat,on bang recorded 

A battery of electr,c clocks 1s ut,l,zed to record 
total pdot-commun,cat,ons t,me and total eontraller- 
eommun,cat,ons t,“e on each of three selected a,=/ 
ground channels Electrx-,mpulse counters are also 
used to record the total number of message segment3 
on each of these c,rcu,ts Actlvatlan of any press-to- 
talk swtch or of any mxrophone sultch rmgs UP 

another number on the approprmte counter Each of 
the a,r,ground channels ,S connected to a ten-channel, 
magnetx, tape recorder, and all channels may be 
reco,ded s,mu,taneously Any mdivldual channel or 
any contbmatlon of channels may be played back 

An automat,c, smgle-frame. 3.5.“” camera 1s 
mounted on the projector rack m order to photograph 
the au traffic flow on the screen Time exposures are 
used ,n most “stances The resultmg films form a 
t,“e-lapse sequence to show the actual paths covered 
by the wmulated amcraft m the problem and to show 
the location of arcraft at spec,Bc t,mes durmg the 
test run 
T,me Synchromzatlon 

Because all mrcraft must enter the problem on 
an exact schedule and because delays must be meas- 
urea to very close I,m,ts, ,t 1s necessary to estabbsh 
and mamtam B defimte t,me bas,s for all slmulatlon 
runi All clocks and recordmg eqwpment mast be 
s,nchromzed on th,s t,“e bas,s A “aster swtch at 
the ARTC pas&on supphes power to the clocks and 
to the recorders The Esterlme-Angus recorders are 
dr,ven by synchronous motors for Instant starts and 
stops In runmng a long traflic problem, ,t IS desrable 
to keep the number of ,nterrupt,ons at a mm,““” 
Power Supphes 

Power far the actwatlon of the Esterhoe-Angus 
recordmg pens ,s furmshed by a l&volt d-c power 
supply The spot-prelector motors and the wmd-drift- 
s,mu,ator motors recewe power fro” a 2%volt d-c 
regulated poxxer supply MIcrophone c,rcu,ts recewe 
power from a &volt d-c, battery-charger power supply 
The data-transfer un,t recewes power from a llO-volt 
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SECTOR I SECTOR 2 

ARTC 

TERMINAL 
CONTROL 

Fig 9 Altitude Blocks of Expenmental Data-Transfer Syotem 

hg 10 Sectmn of Data-Transfer Board Shomng Typmd D-rent Sequence 

d-c power supply All other eqwpment ,s supphed from 
the ma,,, a-c power ~o,,rce of 110 volts at 60 cps 

Data-Transfer Eqwpment 

Early ,n the s,mulst,on program, an elementary 
tme of mechameal date-transfer equpment was m- 
stalled I,, order to determme the bas,c requmements 
of symbol,c ,nformat,on d,splays for termmal-area 
traffic control and ,n order to compare the operatmn 
of automet,c data-transfer eqwpment with the old 
manual flwhtdata-poatmg ayatem 

The data-transfer eqwprnent eons,sta of four drs- 
play boards whleh are mterchangeable wth fl,ght- 
progress boards Two boards are mounted at the ARTC 
control pos,t,on and two at the radar control pos,t,on 
The latter ,nstallat,cn ,8 shown m F,g 1 The boards 
are eonnacted as shown ,n F,g 9, I,, order to prov,de 
an mterlockmg d,@ay of symbabc fl,ght data for two 
termmal-area holdmg fixes The equ,pment ,s powered 
b, B 2%volt d-c power supply It mcludes a pulser 

umt, several hanks of relays, and a telephone-type 
dml un,t wbah ,m used to ,,,,t,nta fl,ght mformatmn 
from the ARTC pos,t,an 

Fbght ,nformat,on consmta of BD arb,tre.ry two- 
d,g,t ldent,Acatron number for each mrcraft entenng 
the problem The mformatmn regsrdmg the type of 
axeraft ,s coded mto the first d,mt of the ,dentlecat,on 
number As the arrcraft enten the s,mulat,on problem, 
,t ,s cleared by the ARTC controller to one of two 
holdmg fixes to ma,nta,n a spec,Rc alt,tude At th,s 
t,me. the ARTC controller drals the ,dentificat,on num- 
ber mto the apec,ded alt,tude level of the approprmte 
d,splay board Because the correspondmg boards ,,, 
the ARTC and the radar control pos,t,ons are con- 
nected m parallel. the ,dent,ficat,o,, number dmled into 
the ARTC board appears snnultaneously at the name 
altitude-d,splay block of the eorrespondmg radar co,,- 
trol board As mrcraft are cleared to d,fferent alt,tudes 
by elther the ARTC or the radar contmller, the 
lnformatron IS transferred from block to block ,n 
accordance wth the sequence shown ,n Wg 10 



Bas~ally, the eqmpment prowdee the followmg 
fbght mformatlon about each amcraft at the ARTC 
end radar pos&ons sunultaneously 

e Identlfieatlon 
b ‘BP= 
c Clearance lnnlt 
d Altitude 

Tests showed that tius mformatlon 1s suffielent 
f6r routme termmel-area arnval-control operations, 
protied that It 1s supplemented by a plctorlal display 
of the traffic sltuatlon All transfers of data are han- 
dled through the use of push buttons The eqwpment 
1s Interlocked so that only one aweraft can be cleared 
Into any block of the system 

Because the equipment saved so much ARTC- 
controller time durmg ti-e test rune and because It 
also ehmmated the need for a data-transfer man at 
the radar-control desk, It wes retamed for use m all 
subsequent suoulat~on te& of smgle-mrport termmel 
meas Although It 1s too elementary for actual opera- 
f,onal use, the orlgmal dal?-transfer system has proved 
~mte adequate for Its purpose m the operatron of 
sunulatlon tests The lessons and the hasx concepts 
developed from this eqwpment have gone mto the 
design of the more eomplr-r Ilmlted-data-transfer 
eqmpment now on order for termmal-area traffic 
operations 

IMPROVEMENTS Uh’DER DEVELOPMENT 

‘relevmon System 
A telewsmn synchromwng generator, a flSmg.spor 

xanner. and a momtar console from the experimental 
Plctorml Sltuatlon-Dlsplay equpment are hang modt- 
fied for use wth the snnulator’ The aresent snxulator 
telewslon system will be modified for ;se wth standard 
iommerclal-televlslon seaqnmg rates so that standard 
commercial-televlslon components may be added to the 
system Use of the lugher commere~al scannmg rates 
wll reduce the stroboscopic effects resultmg from 
slmulatmg high radar-antenna rotational rates 

Fig 11 En Route Fhght Console 

“Instructmn Manual for ExperImental Plctorml 
Sltuatmn Lhsplay, Redlo Corporation of America, 
Pubhcat~on IB-39681 

0 

The addltlon of a wand flymg-spot scanner t0 
the telewslon system wll pro-de means for the 
ad&tlon of radar clutter to the final picture 
Spot ProJectors 

The present spot-type proJectora are driven by 
d-c motors of poor reguletlon character~stxs end by 
gears of poor quahty As R result, the accuracy of the 
spat speeds 1s not se&factory Development has been 
<tarted on a new spot-proJector drwe mechamsm which 
41 use motor-drwen InductIon generators and pre- 

~mon gear trams A servo type of system for 8 eed 
wi;ol 1s expected to mwre accuraeles of e R I& 

En Route Fhght Consoles 
A new type of console 1s shown I” Fw 11 Thla 

console 1s used to snnulate arcraft flymg outad@ of 
the radar mea It has no assoemted spot prelector 
Fach en route console has equwnent for snnulatlng 
two ancraft It has commumcat~ons faelhtles ldentlcal 
to those of the other type of consoles Its nangatmnal 
mstruments conswt of a Grunes Navigator and a 60- 
~mute tumer for each snnelated alreraft The Grunes 
Navigator 1s a clock-drwen device wluch snnulates a 
&stance measunng equipment (DME) rec8wer 
Ground-speed mformatlon whwh mdwates mileage 
flown (to .a maxmnm of 100 mdes) 1s set mto the 
devme The 80-mmute tnner can be used for longer 
periods 

Normally, the operator of tins console contacts 
ATC only, although the tsrmmal-area commumca~ron 
channels are also available The operator 1s under 
control of ATC until his awcraft enters the terrmnal 
area, at which pomt a console hawng an assoemted 
rpot projector 1s used for further ihght 

OPERATION OF THE DYNAMIC SIMULATOR 

Types of Research Problems 
As explamed prevmuely m tins report, there 1s 

a relatlonsiup between the reqwred number of B~IU- 
lated axcraft end the x60 of the control era under 
study Because of the relatwely small number of 
control consoles whxh have been available for 8nnuI. 
tameous use. this factor has thus far hrmted the 
dynamw-smmlatlon program to the study of termmal- 
area operations Addltlonal operatmg consoles ~111 
have to be avadable before the equipment can be used 
for tests of extenswe en route control eras under 
heavy traffic condltmns 

One of the most extenswe snnulatlon programs 
whwh has been conducted so far hss been an mvestl- 
g&on of the vw,ous factors whvzh affect the accept- 
ence rate or the capauty of a termmal eree The 
Waslungton termmel area has been used es the beslc 
area for most of these tests Many hypotheblcal ar- 
rangements of radar faelbtles were tried out m order 
to determme the eflects of dHTerent faallty layouts 
on the flow characterx+tlcs of the traffic system Many 
cbfferent control procedures were tested m order to 
deterrome methods of reaucmg controller work losd 
and of mcreasmg traffic effiaency and safety The 
results of this program are described m a forthcommg 
report ’ 

At the request of the Office of Federal Amvays, 
(he snnulator has been used for studlea of epeelflc 
termmal area8 The object of these studles has been 
to determme the best arrangement of navlgatlonal 
:aclhtles and the most sullable control procedures for 
the areas under study lip to the present time, the 
Norfolk, Washmgton, and New York termnml are&s 
have been the sublects of these trafic studies 

‘C M Anderson end T K Vwkers, “Appheatmn 
of Smmlatmn Techmques m the Study of Termmal- 
Area Traffic-Control Problema,” CAA Technical 
Development Report No 192, October 1963 
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The New York metropohten nrea wes the subject 
of an extenswe s,mulat,an study Embracmg four 
n,a,or e~v,l mports and two large m~htary mr bases, 
:he area handles more than 12 per cent of the total 
awcamer trafie m the TImted States Rel,m,nsry 
tests ,nd,nted that the t,,,ffc flow m th,s ares could 
he Improved d the present system of arrival and de- 
parture routes could be ,earranged to segregate the 
nrr,val and departure paths for different exports Ac- 
cordmgly, the problem was attacked from the an-route 
stsndpomt, 89 well RS from the termmal-area stand- 
pomt, and routes wth,” a radms of 60 miles were 
m”d,Aed progress,vely to dec”re the necessary clear 
,Wght channels to and from the ‘yar,“us arports The 
tenmnal-area approach procedures and fac,l,t,es were 
m”d,Red to prowde a twm-stack system et La Guard,a 
AIrport, one tu,n-stack yystem serwng the Newark 
and Teterbor” a,rp”rta, and a smgle-stack system 
sernng Idlewld, M,tehell, and Floyd Bennett a,rp”rte 
The results of these w5ts w,ll be pubhshed ,n a 
forthcommg report 

In order to accelerate the development program 
for new types of control equ,pment and thus to reduce 
tne tune lag between the ,n,t,al concept and the final 
eomm,ss,onmg of such a,ds, s,mulat,“n tests have 
proved valuable ,n p”,nt,ng out weaknesses m the 
proposed eqwpment and ,n fac,htatmg the develop- 
ment of better alds and procedures for tbelr use 
Lxtenslve tests have be*” conducted on a”t”mat,c 
data-transfer and approach-computer equpment Some 
of the resu:ts of th,s phase of the s,mulatl”n program 
wll be pubhshed m a forthcommg report ” 
Constructlo,, of Traffic Samples 

In order to run s,m, ‘at,“” tests wh,ch compare 
one set of c”nd,t,“ns ngamst another, ,t 1s neceswry 
to have a standard ,nput of arcraft mt” the problem 
Thw mput takes the form of one or more trahic 
umples wh,eh are made up to snnulate the “peratlon 
of a number of amraft w,th speufic speed, cbmb, and 
alescent charaeter,st,cs These a,rcraft are carefull, 
xheduled to enter the problem at predetermmed tm,es 
and locat,ons and to fly spec,hc routes to spec,Ac 
dest,nnt,“ns 

The val,dlty of an) s,mulet,“n test depends B 
great deal on the traffic sanple used Th,s sample must 

‘Ib,d 

be formulated wth care m order to msure that the 
test results w,ll ,nd,cate the results wh,ch could be 
expected I,, actual “perat,“” For example, the speed, 
rhmb, end descent programs far the var1”“s aircraft 
should be as real,st,c 11s possible The proportion of 
vanoua types of axcraft “smg the teinunal area should 
nppr”x,mate the pr”p”rt,on expected ,n actual “pera- 
tmn The proportion of traRlc desmng to use the 
,ar,“us routes should also be consistent mth the route 
d,etr,butmns expected ,n aetusl “se In add,t,on, the 
t,atlic sample must be larre enough to msure a good 
degree of statmt,cal equ,l,br,um Th,s ,mphea that ,t 
should be large enough to take ,,, suffic,ent combma- 
+,“ns of s,tuat,“ns so that the result w,ll ,nd,cate the 
over-all “perstmg character,st,cs of the tra,Tic control 
svstem, rather than merely ,ts performance m handhng 
one speelfic sample of arcraft 

Most traffic controllers have noted that mr tral?lc 
tends to enter the termmal erea I” bunches r&her 
than ,n B smooth, steady flow Another way to express 
rh,s fact ,s to say that there are many inore short 
mtei-vals than there nre long mtervals between sue- 
~esswe entnes Th,s trmt. wh,eh ,s a eharactenst,e of 
all types of random flow. IS reproduced ,n snnulator 
trxiiic samples through ,,se of Po,sson’s formula, or 
the law of small numbers A detailed descrlpt,on of 
+hr a”“hrat,“n of th,s formula m the construct,“,, of 
t~sffiie&mples appears ,n an a,r-traffic-s,mulat,“n 
report prepared by Frankhn Inst,tute Laborat”r,es ’ 

For tests of ex,st,ng axports. actual fllght- 
progress stnps from a typlcal day’s IFR operat,“ns arc 
used to furmsh a typ,eal sequence of the followmg 
data for the traffic samalp 

1 Axcraft ,dent,fi&t,“n a,,a types 
2 Departure arports, routes, and dest,nat,ons 
3 Entry altitudes 

One i”ns,der.b”n I” settmg up a s,mulat,“,, test 
program 1s to obtam a mavnnum amount of a,gn,Acant 
,nformat,on about the system flow eharacterlst,cs m 
a m,n,mum number of workmg hours Smce “tentml 
bottlenecks are not as apparent durmg hg t I7 trafie 
condlt,ons, It 1s usually necessary to accelerate the 

“S M Berkowtz. ‘xnalyt,cal and S,mulat,on 
Stud,es of Several Radar-Veetormg Procedures m the 
?fash,ngton, D C , Termmal Area,” CAR Techmcal 
Development Report No 222, not yet pubbshed 

TABLE I 

SPEED AND DESCENT PROGRAMS 

Class,f,catKm Typ,cal 
l%epresentat,ve 

Type c ru15 e 
(mph) 

Speed Program Descent 
Rate 

*Ir,termed,ate **Approach 
(mph) (mph) (fpm) 

Slow DC-3 180 150 120 500 

Medium Convarr 240 240 190 140 500 

Fast ConCtellatlon 290 220 150 1000 

Jet F-84 400 300 180 3000 

0 In zone extendmg from 10 mules to 5 m,les (approximately) from the approach gate 
+* In zone extendmg from 5 rmles (approxrnately) from the approach gate to touchdown 

Exceptmn Jet alrcraft continue at cru,smg speed nnt>l reachmg the holdmg fix at 20,000 feet, 
then conduct letdown at mtermedlate speed unt,l approxxnately 5 m,les from the 
approach gate 
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flnw rate, as shown by act,4 fl,ght-progress strips, to 
a rate more su,table for test purposes Th,s ,s done 
hy adoptmg a set of random-entry u,tervals determmed 
through use of Palsson’s rormula 

When ,t ,a not posable to secure actual fl,ght- 
progress strrps from past typ1ca1 “peratl”“s. traffic 
samples are complled fro”, avadable statlst,cs regard- 
mg the percentages of d,Kcrtnt types of a,reraft usmg 
the terminal area and the percentages of traffic utlhz- 
.ng dlfferent routes ,n the area Appropriate arcraft 
dent,hcat,ons, Alght charectenst,cs, and routes are 

then ass,gned to the YP~,U”S arcraft m the sample 
through use of a throw-Lo,,” techmque Entry t,mes 
a,~ ass,gned through use of mtervals determmed by 
r’o~sson’s formula Pecent analvs,s by the Franhhn 
lxt,tute mdlcates that traffic samples about two houra 
m length are sat,sfacto,y fro”, the +ndpomt of 
stat,st,cal stab,l,ty 

In the mterests of convemence. a,rrraft ut,l,zed m 
last annulat or, tests have been d,v,ded nto four 
arbitrary class,fieat,ons Speed and descent programa 
are 1,sted ,n Table I 
System Measurements 

One of the most unportant advantages of tral% 
sm,ulatlon ,s that it furnishes a means of obtammg 
actual measure nents of various operatmg character- 
lst,es of a control system These measurements can 
show the relat,ve super,or,ty of one system or pro- 
cedure over another When mterpreted Jud,e,ously, 
they can furmsh the ,ustlficatlon for the procurement 
of damable changes or mod,f,cat,“ns ,n control 
fac,l,t,es or procedures 

Several d,fferent cr,ter,a are used m sconng one 
traffic control system agamst another The actual se- 
lect,“,, of the var,ous factors to be measured ,n a,,,,“- 
latlon tests depends somewhat on the “b,ect,ve of the 
tests themselves Certam measurements are bas,c to 
prachcally all tests One of these IS the measurement 
of mrcraft delay This factor IS ,nd,catrve of the 
effic,ency of the system I” handlmg a spec,fic trafie 
demand rate, smee the function of any system IS to 
prowde a smooth, orderly flow of traffic wth m,mmum 
delay to any one amcraft and wth an eqwtable 
d,str,butlon of any necessary delays 

The concept of arcraft delay, as used m s,mula- 
tlon tests, d,Rers somewhat from the concept presently 
used ,n the held ,n tabulstmg delays for the CAA 
Monthly Trafic Summary In actual traffic operat,ons, 
,t 1s not possible to determme delays due to path 
stretchmg and to velomty control The only delays 
whwh can be measured are those whxh are accrued 
by alrcraft ,n holdmg patterns Th,s has gwen r,se 
to the fallacy that traffic aelays occur only when hold- 
mg patterns are used However, ,n s,mulat,on tests It 
,a poss,ble to measure the total delay due to holdmg, 
path-stretchmg, and veloaty control Th,s ,s do,,” by 
companng the actual srnval t,me of the arcraft m 
the problem w,th the theoret,eal arrwal t,me show,, on 
the bas,c schedule of the traffic sa,,,ple Th,s total 
delay IS known as the “absolute delay” The term ,s 
defined 8s any excess of flymg tune over that whlcb 
would be reqwred to complete a,, approach on the 
shortest pract,cable path and wth no other trafihe 
Most evaluat,on stud,es mclude tabulat,ons of averagr 
and max,mum absolute delsys encountered 

An nnportant cntenon m the eva,“at,on of new 
or mod,hed traffic control systems, procedures, or 
eqmpment ,a the work-load factor In the mterests of 
safety and efiaency, ,t IS essent,el that the amount of 
controller work load reqvlred per a,rcraft be kept as 
low as poss,ble Commun,cat,ons measurements are 
s,gn,fieant md,ces of controller work load 

In s,mulat,on tests, the followmg commun,caL,ons 
factors are measured 

1 Total lwe tm,e on each am/ground channel 
2 Total number of separate messages “n each 

channel 
3 Total tm,e commun,cst,ons chsnnels are eon- 

gested (when two or more pllots des,re to use a 
channel s,multaneously) 

4 Total mtercontroller co-ord,nat,on t,me 
These measurements are used to deteinune the 

average amount of eommun,eat,ons requred per a,*- 
craft and to determme the relatwe losdmg of the 
v~r,ous channels 

In syst”,,,s wh,eh ut,lrre radar vectoring, another 
Index of controller work load 1s obtsmed through the 
measurement of the average number of arcraft under 
s,multsne”us gudanee by the radar controllers 
Slgnlfieanee of Measurements 

The vabd,ty of the s,mulat,on test rewlts depends 
on the accuracy of the equpment, the performance of 
the personnel mvolved. and the depree of s,mulat,on 
of the ,mporta-,t char&er,st,cs of the system 

Comparison of prw,ous tests wtb the results 
attamed ,n actual oper,,t,o-,s ,nd,cates that the speed 
and murae errors ,n the s,mulat,on eau”ment nroduce 
dev,at,ons roughly equwalent to ti,e ‘dewations of 
actual ancraft m termmal-area operat,ons 

1” runmng a slmulatl”” program relatmg to a 
spec~fie termmal area, one factor which has g,ven 
concern ,n the past IS the poss,b,l,ty that the control 
personnel may actually become too expert ,n handlmg 
the spec,fie s,tuat,ons presented by the traffic problem 
In such a case, the sm,ulat,on results would appear 
to be much better than the r”sulLs wh,ch could be 
expected fro,,, actual operat,ons by control personnel 
who d,d not get the opportumty to handle hundreds 
of traffic operat,ons of this type m a short penod of 
time 

Th,s symptom was detected ,I, early smwlatlon 
operat,ons, part,cularly m repeated runs of a short 
traffic sample I,, th,s case, control personnel soon 
memorized the problem end antlapsted perfectly what 
uas gomg to happen next To correct this cond,t,on. 
\\h,ch tended to b,as the results. the follow,ng 
procedures mere found des,rable 

1 Use of longer traffic sawples 
2 Use of more than one sample, ,f poss,ble 
3 Rotat,“” of personnel between control poslt,ons 

to m,nm,,ze the poss,b,l,ty of “neons~,o”s mem”r,z,ng 
of trntlic slt”atl”ns 

4 Use of addlt,onal personnel, preferably from the 
locst,on wh,eh 1s bang tested 

This latter procedure has been found advanta- 
rx”“S for several reasons 

a It decreases the effect of the human factor by 
utllrzlng B larger sample of representat,ve 
cnntrollers 

b It furmshes add,t,onal manpower for runmng 
the s,mulat,on tests 

c Field personnel are often able to furmsh de- 
taded mformatlon regardmg local problems, rules, 
or restnct,ons. wh,eh mformat,on tends to make the 
tests more real,st,c 

d It se,-,es as a trammg a,d for field personnel 
by gw,ng them concentrated expenence ,n handlmg 
heavy traffic through use of the procedures bang 
developed 

e Fwld personnel partupatmg ,I, the tests can 
gam a better understandmg of the reasons why 
certam procedures are more &aent than certa,” 
other procedures 

Every effart ,s made to keep the slmulat,“n tests 
as reahstx and conustent as possible However. It IS 
not practxal t” reproduce I,, the laboratory all the 
compl,eat,ons and dmtract,ons wb,ch might ex,st under 
actual operatmg cond,t,ons Therefore, ,n studymg 
reports of the s.mulat,on tests. ,t should be realned 
that the quant,tat,ve test results may not be duphcated 
exactly ,n actual pract,ce However, s,“ce the same 
equ,pment, personnel. and traffic samples are used ,n 
all phases of c”n,parat,ve tests, the results are ,nd,- 
estlve of the relatwe performance of each system and 
can be safely regarded as quel~tatwe mformstlon 
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CONCLUSIONS 

1 The ~reaent method of uthmng an electrome- 
chamcally drwen optmal pro,ector to sunulate alreraft 
movement and of utdlzmg a televmmn lmkage to 
durplay the trailie sltuatmn to the controllera 1s n&la- 
factory from the slmulatmn standpomt Thm design 
IS preferable to the all-electrome methods which have 
been developed to date because ,t ,B much sunpIer to 
construct and to ma,nta,n 

2 The dynamic simulator furmshes a valuable meth- 
od of testmg proposed ATC eqmpment whahlle such 
eqmpment ,s stdl m the developmental stage 

3 The mmulator 1s a very useful laboratory deuce 
for determmmg the bssle laws whahlch affect traffic 
flow Much of this knowledge can be utlhzed to place 
the plannmg of ar-navlgatmn and traffic-control alds 
on a more sclentuic bws than has been uosslble here- 
tofore In addltmn, such knowledge cei be used to 
develop more effiaent control methods and thereby to 
reduce the amount of controller work load per arcraft 

4 The simulator prowdea a very effective means of 
quwkly pointmg out potentml bottlenecks m speafic 
ATC systems and thus facdltates the development of 
better combmatmns of faelhbes and procedures to 
acixeve maxLm”m traffic cnp.wty for the money apent 
on By&em mod.hcstmns It has proved to be a vsluable 
wd for trsmmg ATC personnel ,n the finer pomta of 
radar tra!?lc control 

6 The total number of pro,ectora has an xnportant 
effect on the sme and cornplenty of the simulator 
Smce me and comp!exlty have a direct effect on 
equipment and operatmn costs, a prsctlcal maxl~llum 
dewable number of projectors probably exmts To 
mvestlgate all phases of en route and termmal-area 
trafie control, ,t probably would not reqmre complete 
dmulatmn of more than two en route sectors and two 

tenmnal area8 ammltaneonely It 18 bebeved. therefore. 
that the ultimate practxal slmulatmn design need 
never exceed a capacity of 60 controllable aweraft 
targets 

RECOMMENDATIONS 

1 If It 1s assumed that It wdl soon be o”b”,bb’,et 
apply many of the bale pnnclplea whmh L 
learned dunng the snnulatmn program to the improve- 
ment of present termmsl-area traffic systems, the 
grestest oppOtiunlty for useful ~~~agstlOn 0f tnrmc- 
flow procedures and charsctenstlce hes 1” the study 
of en route traffic problema It 1s highly Important., 
then, that the facdltles far the resent slmulahon 

pmr 
m be augmented ,n order t at they might be e 

ava lable for use m the en route phase of the ATC 
problem 

2 In drawmg up speciheatmns for a new simulator, 
the reqwrementa hated m thm report should be con- 
sIdered In modlfymg the present amwlatar, the most 
unportnnt needs are 

a Additional projectors and asaocmted control 
consoles 

b Increased accuracy m pro]ectnr-speed control 
c Improved means of slmulatmg certam facll- 

Itlea, such as radars. pWorm1 and aymbohe dmplayn, 
co-ordmatmg devlees, and other eqmpment 

From time to tune. addItIonal types of namlga- 
tmnal and control eqwpment wdl have ta be simulated 
For example, consldereble work 1~ planned on teata 
and an the development of varmus types of dwplaya, 
mcludmg horizontal plottmg scopes It 1s unportsnt 
that the over-all smndator design be sufflclently 
versatile and flexible that such equipment can be 
accommodated 


