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APPLICATION OF SIMULATION TECHNIQUES IN THE STUDY OF 
TERMINAL-AREA AIR TRAFFIC CONTROL PROBLEMS 

FOREWORD 
The A,r Nav,gat,o” Development Board (ANDB) 

wes estnblmhed by the Departments of Defense and 
Commerce I” 1948 to carry out a u”,fied development 
program anned at meet,“g the stated operat,onal re- 
qmrements of the common m,l,tsry/e,v,l a,r “angatm” 
end traffic control system Th,s proleet, sponsored and 
financed by the ANDB, ,s a part of that progrsm The 
ANDB ,s located wth,n the ad,n~“,strat,vc frameworl 
of the C,wI Aeronaut,cs Adm,n,strat,o” for house- 
keepmg purposes only Persons des,r,“g to corn,“““,- 
eate w,th ANDB should address the Excc”t,ve 
Secretary, Am Nan&m” Development Board, C,ru 
p~t,cs Adm,n,strat,on, W-9, Wash,“gto” 25, 

SUMMARY 
Th,s ,s s” ,ntenm report summaru,“g the work 

which has bee” completed to Oetober 1953 ,” the 
study, through the “se of sm,ulat,o” teeh”,ques, of 
s,r traffic control problems The objectwes of th,s 
study, conducted at the Teeh”,cal Development and 
Evaluatm” Center of the C,v,l Aeronaut,es Admlms- 
trstmn, were to evaluate rnprovements of the present 
system, to explore new methods of control, and to 
m,“,m,ze the hme lag between the ,n,t,al concept and 
the operatmnal use of new developments I” control 
procedures end equipment 

S,m”lat,o” processes ,“cl”ded both graph,cal 
methods, developed by Frankh” Instrtutc Laborstones. 
and test runs on the dynam,c e,r traffic control sun”- 
letor mstalled et th,s Center Because of l,m,litm”s 
,n the present capae,ty oi th,s smmlator, most of the 
tests run on ,t have been concerned ulth the study of 
terrmnsl-area. rather than w,th en route, traf8c prob- 
lems S,mulat,on has proved to be e safe, fast, ,“=a- 
penswe, and accurate method of ,nvest,gating the 
effect of such bas,c factors es arcraft character,st,es. 
ewport charaeterat,cs, nav,gatronsl mds, end human 
resetmns on the eapauty or aeeepta”ee rate of e 
tcrm,“al sree, the comparet,ve a,=-traffic-flow charac- 
tenst,cs of vsr,o”s proposed layouts of nav,gatlo”al 
e,ds for spec,,ic tcrm,“al areas, and the operatmnal 
requmements and procedures for new types of BIT traf- 
fx eontrol eqwpment such es a”tomet,e data-transfer 
systems and approach computem 

A by-produet of the dynennc-s,muIat,on program 
has bee” the development of ,mpraved control tcch- 
“,q”es Th,s work has bee” dwected toward the tw,n 
ob,ect,ves of ,“crees,“g traffic capec,ty wh,le deereas- 
mg the sctual work load ,“volved ,” the control of 
,“d,ndual alrcreft I” the system 

INTRODUCTION 
Graph,cal Slmulatmn 

The development of eunulntmn techmques has 
greatly accelerated the study end analyas of e,r traffic 
control systems F’nor to 1949 the tcst,“g of any “es’ 
syetem of traffic control requred the “se of actual 
alreraft, as well es the use of actual nangat,on and 
ecmm”“,eet,o” faclI,tms Th,s method wes mflexible, 
slow, end very expenswe 

I” the spnng of 1949, B form of graph,cal sm,“- 
latm” wss developed ,” connection w,th e study by 
the CAA of the effecte of eommonlcatlon delays on 
the aeeeptenee rate of approach control systems 
Throogh the “se of this teehnlque, wh,ch wss esscn- 
t,elIy B sm,pIe plot of alt,tuda versus trme certa,” 
laws coneermng an-traffic-flow charactenst,cs were 
determ,“ed The ,mmed,ate result of th,s study wes the 

]“stnicat,o” for d,reet very-h,gh-frequency (VHF) 
w/ground eommu”,eat,o”s fae,l,t,es for A,r Route 
Traffic Control (ARTC) Centers’ In add,t,o”, eerta,” 
control procedures were modrfled I” order to take 
advantage of the pr,ne,ples discovered for ma,nw”,“g 
steady traffic flows from approach control systems 

Shortly afterwards, the Franklm Inst,tute under- 
took e study of the feas,b,hty of analymng em traIilc 
systems by s,mulat,o” tech”,q”es? Th,a study We8 
sponsored by the Au Nev,gat,a” Development Board 
Electra”,c and electromecha”,eal s,mulators were first 
co”templatcd but were ,inalIy shelved ,” favor of the 
s,mpler and more ceo”om,eal teehmques of graph,caI 
s,mulat,o” The apphcatm” of graph,csl techn,quea, 
wth part,cu,ar emphas,s on spew-t,me (S-t) curves, 
was subsequently developed to a h,gh degree by 
Frankh” Inst,tute personnel ’ 

The S-t ct,rve IS e graph,cal plot I” which the 
ard,nete S IS the pwected d,sta”ce of the fl,ght path 
and the abscmsa t ,s tune A separate curve is drawn 
for each areraft I” the traffic srtuatm” Alt,tude data 
may be entered at appropriate pomta on the curves 
m order to give e ru”“,“g p,ct”re of the progress of 
each arcraft through the trame system A section Of 
a typ,cal S-t curve ,s show” I” F,g 1 

The alt,t”de-t,me (A-t) curve ,s e graphlcal plot 
L” wh,ch the ord,“ate A ,s altitude and the abac,ssa t 
,s t,mc Th,s type of curve has e useful appI,cat,on I” 
show,“g the effect of commu”,cat,o”s delays o” the 
operatm” of certe,” portmns of the e,r traffic control 
system A se&o” of e typ,eel A-t eurv’e appears L” 
Fig 2 

Graph,cal s,mulat,on ,s mexpenswe, fast, and “er- 
sat,le It 1s cspecmlly useful I” studyrng the effects 
of ~er,o”s separatm” standards or of other opentlng 
rcstr,et,o”s on the flow of au tratlic It 1s ralusble es 
s means of sett,“g up e standard of eompanso” when 
evaluat,“g the human factor 1” dynamle-almulatmn 
tests or m aetusl traffic control operatmna The moat 
obwous l,m,tct,o” of graph,cal s,mulat,on ,s the fact 
that four-d,mc”sm”aI traffic problems ce” be drew” 
s,mu,ta”eo”sly I” only two d,me”s,ons However. this 
hm,tat,a” ee” be allev,atcd ,” meny cescs through the 
add,tm” of supplemental data d,rectly on the e”Nes 
Color ead,“g ce” also be used to elarlfy the 
tmn when B “umber of d,dcrent mutes must 1 

went.% 
c show” 

at the same t,me 
Dy”am,e S,mulat,on 

The dy”am,e s,m”letor ,s s lsbontary dence 
wh,ch prowdes I” e,r traffic control research e Iunetm” 
analogous to that wh,eh the annd tunnel provides I” 
aerodynam,c research Th,s dev,ce furmshes meens of 
s,mulatmg, to a high degree, actual A,ghte of urereft 
through any spec,fic eree Dur,ng this operat,o”. the 
traffic s,tuat,o” ,c controlled through the use of stand- 
ard clearance ,nstruet,o”s wh,ch me issued to the 
“s,,n”lated p,lotc” by regular air trafse co”boIIers 
Venous control procedures and techmques e.” be 

“‘Term,nal Area Tme Study.” CAA OfRce of 
Federal A,rwsys, July 22, 1949 

=S M Berkowrts, W W Felton, R S Grubmeyer, 
end II R Re,d, “The Appl,ceblhty of Simulation to 
the I”vest,gat,o” of A,r Trtic Control Problems.” 
Frankl,” I”st,tute Flnal Report No F-2180-1. 
Phdadelphm, Pa, Msrch 1’7, 1060 

“S M Berkow,ts and Ruth R Doenng, “Analyt,. 
cnl and S~m,ulat,o” Stud,es of Severe1 Redar-Veetonng 
Procedures ,” the Weshmgto”, D C , Termlnel Are%” 
CAA Tech”,eaI Development Report No 222. ns Yet 
“npubl,shed 
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Fig 1 Sectmn of Typical S-t Curve 

A detalled descnptmn of the dynamic mmulator 
appears I” another pubhcetmn’ It CB” be descr,bed 
brlefly as a ccmbmatlon of optxal, mechamcal, ana 
electrome equipment mcludmg B large screen upon 

Fig 2 Se&on of A-t Curve Showmg Typul 
Laddermg-Down Procedure for 3 Alrcraft 

‘Richard E Baker, Arthur L Grant, and Tlrey K 
Vlekers, “Development of A Dynamic Air Traffic 
Control Smulator,” CAA Technical Development 
Report No 131, October 1863 

o- 

- 
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which a map of a specific mea UI proJected Control- 
lable spots of hght are proJected on thm screen to 
mdlcate the pos~tmn of aircraft I” the traffic sltuatmn 
These spothght pro,ectors are remotely controlled 
from p,lot consoles Each pllot can control the speed 
and the headmg of one spot of hght on the neree” 
to correspond to the movement of a,, mrcraft through 
the area Standard-rate turns are made by the equ,p- 
ment when the d,rect,on of target travel 18 changed 
The pdots are also equipped wth simulated altuneters, 
so that descents and clm-ihs may be made at ratea real- 
IstIc for the types of amcraft bemg simulated The 
enwe dlsplsy on the screen IS Mewsed and 18 pre- 
sented to the controllers at the control posltmns as a 
survedlance radar dmplay A number of Interphone 
channels connect the pdot consoles wth the control 
pos,t,ons to sm~ulate m&-round rsdm chsnnela A” 
ARTC Center pos,t,on 1s set up to smmlate the ARTC 
functmn m feedmg the termmal nrea Teats can be 
made w,th or wthout the radar display 

Up to the present tmm, most of the work *ntb 
the dynamic simulator has been concerned wth the 
termmal phase, rather than with the en route phase. 
of the a,= traffic control system This wns necessary 
for two reaEon18 

1 At the time the almulator was commmsmnad, 
termmal-area problems constituted the greateat ningle 
barrier to mcressed capaaty of the 8~ tralBc control 
system and therefore ,ustlAed first conalderatlon 

3 Durmg the permd covered by thm report. the 
capacity of the dynamx simulator was hmltad to a 
maxm~um of eight amcraft targeta awll~hla for almul- 
taneous use Thu number, whale adequate for the 
slmulatlon of traflic flow “l srnnll termhlal are.%% was 
madequste to produce a suffiaent densltq of traffic 
for stud,es of larger geographmal areas such a~ com- 
plete en rO”te baffle control sectors P-resent Lana 
call for a” mcrease I” capacity of the present a”“u ator s 
to B total of 13 mdlwdual targeta It UI enpatad that 
this number ~11 be aulfieient for a study of many 
problems of e” route traRlc control 
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In elr traffic control research, dynamw slmulatlon 
can prowde the followmg 

1 The effects of the human factor can be ob- 
served end assessed directly Controller performance 
can be compared wth ldeahzed standards obtamed 
from graphwal analysis of the traffic problem undel 
study 

2 Actual control procedures ten be used to feed 
aweraft through the system This 1s e valuable aId m 
the development of adequate procedures to hsndle 
traflic operatmns of the type smmlated 

3 Complete communlcatmns procedures erw 
utlhaed Detailed measurements of this functmn are 
thereby possible 

4 Actual traffic patterns are dlsplayed m plain 
Y~WW This representatmn of the traffic sltuatmn IS 
valuable m determmmg the emount or adequacy of 
the awspace used for the operatmn end in determmmg 
the flow characterlstxs of the system 

In many cesws the potent&al bottlenecks of a 
traffic control system can he dIecovered durmg the 
lnltlal test of the system This feature makes possible 
rapld nnprovements m the procedures or m the faclhty 
layout 

The hmltatmns of dynarmc smulatmn are those 
Imposed by economy, rather than by techmeal, con- 
slderatmns For example, It would be poeable from 
a teehmcal standpomt to design a snnulator capable 
of snnultaneously reproducmg all an-craft mo~emente 
m the northeastern quedrent of the Umted States 
However, It 1s hkely that the tremendous costs of 
buddmg, mamtammg. end staffing such en mstallatmn 
would far outwelgh the possible technwxl advantages 
which might be abtamed through a slmulatmn program 
on so grand a scale This conslderatmn 1s discussed in 
another report ’ 

FACTORS AFFECTING TERMINAL-AREA 
TRAFFIC FLOW 

One of the prmmry obwctlves of the slmulatwn 
program wes to determme the effects of the vermue 
factors whrch mfluence the acceptance rates of a ter- 
mmal eree These fsctors may he grouped under the 
followmg general headmgs 

Amcraft Chnracterlstlcs 
Arrangement of Faclhtles 
Separatwn Standards 
Control Procedures 
Human Reactlone 
Weather 

‘IhId 

The followmg dlscusswn deserlbes the results of this 
study Certam of the prrnclples evaluated have en 
lmmedmte appllcatlon in the development and 
lmplementatmn of air traflic wntrol procedures and 
faahtles 

Amcraft Charaeterlstlcs 
In en ectlnty such as em traffic control where the 

start of a speafic operatmn 1s dependent on the com- 
pletmn of a precedmg operatmn. the mast obnous 
method of mcreasmg the capacity of the syetem 1s ta 
reduce the amount of tune required for each mdjvldual 
operatmn Because of this relatmnshlp behveen tmxe. 
rate, end cepeclty, the acceptance rate of a termmel 
eree 1s dnectly related to the characterlstws of the 
amcraft usmg the system 

When a speclRed amount of lon~tudmel sepera- 
tmn 1s employed, the maxlmnm acceptance rate IS 
lnmted by the speed of the amcraft concerned This 
IS illustrated by the ample formula for the mexmmm 
capaclty of a angle traffic lane 

C=; (1) 

where 
C = eapaaty, m amcraft per hour, 
V = evy=ege ground speed of eucrsft. m miles per 

S = r;ras separatmn employed between awcraft, 

For example, If V IS 120 mph and S 1s 5 miles, then 
the cepeclty IS 24 arcraft per hour 

In order to mamtam e specified mmnnum amount 
of longltudmal sepsretlon throughout e common sp- 
preach course, It 1s nwcwssery ta estabhah addltmnel 
seperetmn when e fester emcraft IS turned on to the 
approach behmd e slower one This separation will 
decrease es they proceed down the course When e 
slower emcraft IS turned on to the approach vath a 
speafied mmmmm amount of sepsratmn behmd .e 
fester one, the separatmn w-111 mcrease as they proceed 
down the course These effects are shown m Fig 8 

when altitude separatmn 1s bang em loywd be- 
tween eweraft, the mexmwn ce aclty 1s muted by 

1 p then altitude-change (chmb or escent) characterw 
tws Thw 1s illustrated by the formula for the 
mexnnum theoretical eapaclty of e single-stack 
approach control system 

(2) 

mg 3 Effect of Dlderent Approach Speeds 
on the Theoretleal Approach Interval 



Fig 4 Characterlstws of Sbndard Rate (3” per Second) Turns m Still Am 

where 
C = eapaelty, m alrrraft per hour. 
S = altrtude separatmn, in feet. 
R = average deecent rate. In feet per mmute (fpm) , 
L = commun~catmn lag (average time Interval 

between issuances of descent clearances to 
suecwssww aircraft), m mmutes 

NonpressurIzed p-sewer aweraft are usually 
Imuted to a descent rate of 600 feet per mmute, 
pressurreed emcrsft to 1060 feet per mmute If an 
average commumcatlons lag of one-half mmute 1s 
assumed, the mnzumum theoretical capacity of a 
smgle-strek approach control system wth ather type 
of aweraft would be 
For pressur=ed aweraft lf S = 1000 feet, R = 1000 
fpm. and L = 3h nunute, then C = 40 alrcraft per 
hour 
For nonpressurmed arrcrdt If S = 1000 feet, R =- 
600 fmn. snd L = ?i mmute. then C = 24 amcraft 
per hour. 

Where both pressurued and nonpreasurlzed a~- 
crpft enter the system at random, the capsclty IS stall 
very closely related to the rates for nonpressurized 
&craft amce a preasurlred amcraft which mamtams 
altitude separation above a nanpressurlaed one ultl- 
mately becomes hmlted to the descent rate of the 
nonpreeaurlzed craft 

Average maneuverabdlty charactanstw .sUect the 
amount of flexlbilitg which the controller can utrlirs 
m path-stirtchmg operations far the urpose of estab- 
g:i pre& s acmg between airera 

84 
f t m an approach 

e stidpomt of termlnal-area trat?lc 
control. maneuverabilIty refels to amcraft turnmg 
chartxterrsties These &are ai%ctad by three factors 
inert& or the lag of the urcraft in responding to the 
controls: the turning rate desued by the pilot. and 
the &peed. 

Inerh has the effect of slowmg the response of 
the axcraft while starting or stappmg a turn From 
the control standpomt It 1s more notweable m the 
case of large amcraft. and allowance should therefore 
be made m the msuanee of headmg mstructwns 

Durmg matrument flight, the turnmg rate of an 
an-craft 1s normally held to (L standard rate of 3’ wr 
second As shown m Fig 4, thus produces m strllau 
a turn of thearetlcal dmmeter equwalent to 39 seconds 
of strawht flight at the same aw speed The turnmg 
radus 1s thus II direct functmn of the mr sneed In 
order to mmmuze accelerahon forces at high am 
speeds, turns made durmg mstrument flight at speeds 
above 180 mph are usually hmlted to half of the 
standard rate, or 1% ’ per second Thrs produces m 
still mr a turn of theoretleal dmmeter equmalent to 
73 seconds of straight flight at the mr speed concerned 
and lmnts a great deal the Bexlblhty whwh may be 
employed by the controller m stretehmg flight paths 
to space alrcrmft preclaely In an approach sequence 

Amcraft acceleratmn and decelerstmn character- 
IstIcs directly affect mnway-occupancy times and thus 
have an unportant effect on the acceptance rate The 
use of nosewheel steermg. sntlskrd brakmg. and re- 
verslble-pitch propellers tends to reduce runway- 
weupaney tunes and thereby mcrwasws acceptance 
rates 

Arrangement of Faelhtms 
Extenewe testa made on the dynamic sunulator 

mdlcate that the arrangement of terminal urpoti and 
thew nssoemted navlgahonal feclhtws has a marked 
effect on the trafic-flow charactenstics and on the 
acceptance rate of the termlnnl area Some of the 
most nnportsnt eonslderatlons which have been 
brought out by the sunulatmn tests are dlacusnad 111 
the follornng sections 



AIrports 
AIrport location la d,ctated by such eons,deratmns 

OS temun. cost, and eonvemence to the metropohtsn 
area When more than one major a,=po=t must be lo- 
cated wlth,n B termmal a=ea. ertenswe study should 
be gwen to the pronsmn of ample separatmn between 
them Th,a ,s necessary ,n order to m,n,m,se ,nter- 
ierenca between the a=r,val routes, the hold,ng 
6atterns. and the departure routes servmg the d,Kerent 
Phports 

Sm,u,nt,on tests ,nd,cate that ,f more than one 
ma,or arport 18 necesnary in a termmal area, every 
effort should be made In the seleetmn of sites and In 
the ahgnment of fae,l,tiea to create. msofar as porr- 
s,ble, an mdependent system of trsflc flow for each 
mrport Tests ind,eate that, ,n order to provide rela- 
twely mdependent operationa ,nto and out of two 
h,gh-capac,ty termme. a~=ppo=ta, these a,rports should 
be at leaet 16 m,les apart Thea represents a raths, 
great merease over the separatwn deemed satmfactary 
in the past 

As IS true ,n prcgrsms of th,s type, m,no= m- 
c=ease~ m traffic flow whwh a=e gamed through the 

t,mea IS shown I,, Rg 6 In order to retam the ad- 
vantages of high-speed turn-ox% durmg the houra of 
darkness, ,t ,s essentml that such exits be well marked 
and well hghted 

Runway-occupancy t,mea of departmg arrcraft 
may be m,n,m,zed through the prownon of adequate 
tam at=,ps ulth engme run-up a=eas located near the 
ends of the runways and with h,gh-speed entrnnces 
to the runway take-off pos,t,ona, as shown ,n Wg 6 
Because o! traffic reatr~ct~ons and because of delays 
,=, completmg cockp,t checks, aircraft cannot always 
take off I,, the a,,,8 order ,n wh,ch they tad away 
from the ramp To provide better utdizatron of a,=- 
space BB well an to wad airport congeatmn and long 
departure delays. ,t ,s essentml that adequate psve- 
ment wdth be pronded I,, the run-up a=ea 80 that 
any awcraft can proceed d,rectly from th,s pant to 
take-off poa,t,on wthout huvmg to wait for precedmg 
areraft to take off first 

A great amount of s,mulat,on work has been 
conducted on the problem of ,ne=eae,ng runway cspae- 
,ty through the use of addltional traffic lanes Baa,call>. 
any ga,n over the capae,ty of n smgle-lane system 
must be due to the fact that more than one operatwn 

e,,m,nat,on of one bottleneck often se=“e to “,~o”eI 
the enstenee of another at some other point ,n the 
pastern If thu process ,s earned far enough, the final 
,,,,,,t,r,g factor ,I, the eepae,ty of the te=m,nsl a=ea 
often turns out to be the a,rport ,&elf 

Two methods are analable far ,nc=eas,“g lhe 
capae,ty a* a ,.,,,,u.*.. .vrrtem +.llhcac ml% the reduction 
,I, runway-occupant, _.-.__ -. 
tmna, mdependent traffic lane 
of reducmg the =“,nw- 
a,=c=sft ,s the p=ons,cm of adequate h,gh-speed turn- 
&a. so dearned and located that they can be used 
ii-‘a&me-amraft tc vacate the landmg f”;ww& 

can be conducted sm,ultaneously Therefore, ,t UI ea- 
senturl that various lanes be aa mdependent of each 
other BB poss,ble Rg 7 shows one of the most prom- 
Ls,ng of the h,gh-eapac,ty, dual-lane, approach systems 
wh,ch has bee,, developed m the s,mu,at,on program 
Such a system would probably be ,ust,fied only for 
mrrmrta havme a demand rste erceednm 49 ,,,,,di,,xa 

APP=; ,ch Path 

;h,le the &aft ,s st,ll rolbng at a speed of 21 
mph ’ The effect of this fae,hty on runway-occ”pancy 

..,e ahgnment of the mstrument runway ls d,c- 
tated by such cons,derat.mne ~9 the preva,l,,,g wmd, 
the land avadable for a,=uort we. the surroundmg 

‘“p=el,mmwy Report on *,rpo* ConAgurat,on 
Studlee.” CAA A,rport Engmee=mg Bulletun No 1, 
CAA OFlee of A,=port~, June 1961 

terra,“, congested 1vea8, i,,d obstructmns It ,a ap- 
parent that poss,ble restnctmna due to nearby i~rpoti. 
danger a=ea~, o= higher terra,,, should be carefully 
cons,Am=d S~~PC snrh factore have B cnt,cal effect 
on tt 
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% 9 Other Ex.mplsa of Dual-Runway Layouts 

As prenously mdwated, the establishment of ad- 
dltwnal alrporta m B termmpl area tenda to complicate 
the traAlc flow For thin reason. the additlon of P 
second amport In P terminal area seldom doublea the 
orlg~nal acceptance rate If the approach paths to the 
two anports mtersect, the ramultmg acceptince rate 
for the two amports may ectuelly be lower than the 
aceeptsnce rate for one amport alone 

The locstmn of the approach gate hw an impor- 
tant beanng on the acceptance rate of the approach 
system The term “spprosch gate” refers to a point, 
an the Anal-approach psth. from which all approaches 
are commenced Expenence gained in thousands of 
approaches durmg the sunulatmn program hau pointed 
to the deslrabM.y of keepmg the common approach 
path 88 short 88 praetlcable By mnumizmg the effect 
of speed differences between successive e~rcraft, a 
relatwelv short common final-approach path makes 
possible-the closer apacmg of i&raft On approach 
and enables the system to operate at B hwher ,p”“i 
of efficiency This pnnelple 18 shown m F 

T close-m approach gate tends to shorten the fllg t paths 
of arcraft makmg undelayed approaches This, In 
turn, tends to reduce the delays of subsequent mreraft 
m the approach sequence 

There LB B praetlcal mh-mnum common flnal- 
approach distance whwh can be utllned At present. 
this mmunum LS based on the premne that the ap- 
proach should be made straight in from the mmmwn 
holdmg altitude In most cases, thu, requlree a common 
final-approach path at least 8x1 mrles long The de- 
velopment of approach-couplmg eqmpment, such as 

Fig 9 Effect of Length of Common Approach Path 



the Sperry Instrument Company Zero Reader, should 
tend to make flnol approsches of this Length 
unnecessary from a navlgatmnsl atandpamt 

In order to mveatigate the powtnhtles of shorter 
ecammon approach paths. eonalderable annulatmn work 
has been completed rn the development of the 
tsngenhal-approach system Thea 18 a sennautomat~c, 
radar. approach-coupling device which rondes an 
mfimte number of curved approach paths $ heae paths 
all spual gently into the deamed final-approach path 
at B specnlc approach gate Smmlation tests mdlcate 
that the approach gate for thm system could be placed 
ma close as one rmle from the amport for approach 
operahone down to present range-approach muum.s 
The tangenhal-approach pnncaple, whxh 18 llluatmted 
m Rg 10, 18 deserlbed in detsd m another report’ 
Feeding Systems 

As far w amport acceptance rate and controller 
work load are concerned, one of the moat importsnt 
:izrs III termmal-area de&~ 1s the layzut of the 

=T 
ayatem The term feedmg system refera to 

the ho dmg fe.ahUes snd the arrwal routes The feed- 
mg system normally meludes one or more holdmg 
fsedlties These function 8s reservwrs for the con- 
vement holdmg of mbound amcraft durmg periods 

‘C M Anderson. N R Srmth, T K Vickers, and 
Id H Yost, “A Prehmmary Investlgstmn of the Ap- 
pheshon of the Tangentrnl Approach Prmclple to Ax 
Traffic Control.” CAA Techmeal Development Report 
No 149, October 1951 

when the traflc Input exceeds the airport acceptance 
rate The snnpleat feedmg arrsngement is the aingte- 
stack system. llluatrated in Fig 11 Thus arrangement 
uhhsea one mm~arrv. or inner, holchnrr fix and inay 
e.J&melude one or-&ore aecmidary, &outer. holdiG 

Durmg the early days of approach control, cer- 
tain smgle-stack approach systems exhIbited a ecullnr 
traficdow characterlst~c. Under saturated-tra i% c con- 
dlhona when there wbp a contmuous supply of alraraft. 
succesmve appronehee would occur in groups followed 
by excessively long mtervala between groups The lo 
mtewsls at the end of each cycle lowered the over-al “r 
scceotance rate to B meat extent 

&A sunulatmn ah& of this sltuahon revealed that 
the cychc phenomenon was caused by perrodw starva- 
bon of the Inner stack doe to an msufiielent number 
of holdmg altitudes avadable at the mner holdmg Ax 
Graphwal smwlahon estabhnhed the vnh&ty of the 
relatmnahp 
NT $ 

where 
N = number of holdmg alhtudee necessary at the 

prunary holdmg Ax to mantam B continuous 
flow of traffic, 

F = flymg tnne. m mmutes. between the eeeondary 
holdmg flx and the pnmary one, 

T = tme. III mmutes, reqmred for amcraft to descend 
from one aamgned alhtude level to the next ona 
Thm factor mcludea communrc~bons delaya 

l%g 10 Tangentml Approach 
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The pronsmn of suf%xent holdmg sltltudes at the 
mner Ax or the reductwn of Interfix flying time elm,- 
matee the eyche charaeterlstlc of the angle-stack op- 
ershon and prowdes e contmuus supply of amraft 
at the approach gste The smgle-stack system has the 
advantage of reqwring only e relatwely narrow air- 
space for ate operatmn The we of this system 1s 
sometunes dIctated m congested erees where lateral 
restrlctmns prevent the use of e dual-stack system 

Smmlahan testa made vnth nnxed types of trsfflc 
mdwate thet It 1s very dlficult to exceed en sceeptance 
rate of 20 approaches per hour wth a smgle-stack 
system Baswdly. this restrlchan 1s due to the low 
descent rate of the nonpressurleed amcraft III the 
SYSteITl 

If the expected demand rste of B termmal a~rport 
exceeds 20 approaches per hour, It becomes desirable 
to estabbsh e tsm-stack feedmg system Thu type 
of system, as illustrated m Fig 10. has three functmnal 
advantages over the smglestack type 

1 Use of two Independent holdmg systems mekea 
pcsslble the snnultaneous descent of axeraft m two 
stacks Theoretically, this halves the restrIctwe effects 
of descent time and of commumcatmns lag However, 
no epprecmble reductmn m approach mtervals can be 
obtamed unless radar aeperatlon 1s used to space BIT- 
craft on the common approach path WIthout radar, 
the system would have to utlhae tlmed-approach 
procedures The altitude separatmn Inherent III these 
procedures would still llmlt the capacity of the 
hvm-stack system to that of a smgle-stack layout 

2 Dee of two prwnary stacks Instead of one tends 
to keep holdmg altitudes et a m~mmum at all tnnes 
and thus makes more altitude levels wadable for 
nonlsndmg traffic 

3 A properly designed twm-stack system provides 
the opportumty to spht the ternnnal area cleanly Into 
two approach sectors Thm enables two controllers to 
share the total work load 

Durmg the dynamwsmmlahon program, more 
than 10,000 approaches have been conducted on var- 
IOUS twm-stack systems This work has uncovered 
several unportsnt facts regerdmg the effect of system 
layout on traffic-flow characterlstlcs end on controller 
work load 

Comparatwe tests of symmetrical and asymmetrl- 
cal twn-stack feedmg systems show that the sym- 
metrwal system wth one holdmg fur located on either 
side of the fin&approach course provides far more 
et&lent tra5ie-flow characterlstxu The symmetrmal 
feeding system pernuts direct access to the Anal- 
approach course by mrcraft eommg 1x1 from either 
stack Fbght patterns are short, snnple, end relatwely 
esay to follow on the radar display By usmg the 
final-approach course es the boundary hne of demar- 
catmn between the dual approach-control sectors, 
opportumtles for eonfllcts between alreraft or for 
eonfusmn regerdmg sector lurlsdlctmn are reduced 
to a mnmnum Consequently, traSic can be fed smaoth- 
ly from either holdmg fix to the approach gate wth 
mmnnum delay, mmmmm mr/ground cammumcatmns, 
and m~mmum co-ordmatmn between controllers 

The actual locstmn of the haldmg fixes m relatron 
to the approach gate has a cntlcal effect on the 
controller work load Snnulatmn has shown the dew- 
ahlbty of estabhshmg the holdmg patterns sufficiently 
clear of the final approsch so that no dlsruptmn of 
the normal holdmg procedure need be made m order 
to accommodate e let approach or an emergency de- 
scent through the holdmg altrtudes Holding fixes 
should be located far enough away from the approach 
gate to pronde sufficient room for adwstment of 
approach Intervals and to allow amcraft to make easy 
transltlcns to the final-approach course wlthout 
overahootmg 

The dmtance between the holdmg fixes and the 
approach gate has a direct effect on the radar naw- 
gatmnal work load. smce It determmes the number 

of rareraft whleh have to be en route simultaneously 
between the holdmg Axes and the approach gate m 
order to keep the Anal approach full of aircraft at 
the desmed spacmg This slmple relatIonshIp 18 
expressed by the followmg formula 
NC; (4) 
where 
N = number of aircraft requwed, 
D = dlatsnce between holdmg Rnes and approach 

gate. m miles, 
S = dewed spaemg between amcraft at approach 

gate, m mdes 
Thus. for. any desired spacmg between aweraft, a 
greater distance between the holdmg fixes and the 
approach gate wll reqmre a larger number of alrcraft 
to be en route snnultaneously m this ortmn of the 
system This prmclple 1[1 dluatrated III 1~ 12 8 

Wg 12 Effect of Dlstanee Between Approach 
Gate and Holdmg Fmes 

Dynamic-sxnulatlon tests with present types of 
axeraft lndxate that there 1s no advantage m placmg 
the prmmry holdmg fixes more than eight mdes from 
the approach gate Locstmg them wthm this range 
offers the followmg advantages 

1 With present standards, B total of no more 
than three axcraft need ever be snnultaneously en 
route between the holdmg fixes and the approach gate, 
and the controller need make cntlcal navlgatmnal 
decwons on only a small number of rurcraft Thea 
keeps the radar-vectorntg work load low and tends 
to slmphfy eommunlcatlons operations 

2 Smce the controller IS erltwally concerned wth 
the posItwe ldentlficatmn of only a small number of 
axcraft and emce these axcraft are all located III a 
small sector of the scope well mthm the coverage of 
the radar, the radar ldentn%atlon problem becomes 
very sxnple 
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3 W,th only * few ancraft snnultaneausly under 
nawgatmnal control, the controller CB” devote a 
water percentage of his time and attentmn to the 
path and progress of each one For th,s re*so”, he c*” 
do a much better lob of spaang them properly ,” the 
approach sequence This tends to elnmnate pull-outs. 
to mln,m,ee approach ,“terv*ls, and to keep the system 
oper*t,ng smoothly and safely at a h,eh acceptance 
rate 

4 Because the number of aweraft off the holdmg 
Ares IS kept at * mimmum, ,et awroachss or v,or,ty 
or emerge&y descents c*” be *&ommod*ted-w,th a 
nnnnnum of confusmn Leaa advance notlce ,s “eces- 
sary for controllers to be able to reserve * space for 
such aweraft 1” the Anal-anoroach seauence 

6 Close-m holdmg fixes **ve axspace Th,s fea- 
ture ,s part,cularly advantageous when there ,s more 
than one major amport ,” * term,“*1 area In add,t,on. 
B close-1.1 arrangement tends to produce * m,“,mum 
amount of detours or eompl,c*t,ons ,” the rautmg of 
departmg aweraft. 

Arrwal snd Departure Routes 
The layout of amval and departure routes haa * 

crrt,c*l effect on the tretiic-flow ch*r*ctar,st,cs and, 
consequently, o” the acceptance rate of * temnnal 
*r** Each *re* presents its own speeml problems 
when more than one m*,or awport ex,sts ,” a tem”nP.1 
*re*, the problem can become qu,te complex In such 
c*ses, It ,s seldom that * completely Ideal aolutmn can 
be worked out The result ,s usually * carefully 
bslanced cornprom,** between several des,red 
oblectwes 

1 Routes should be *a short 8s praet,e*ble This 
ob]ectlve 1s ,” hne w,th the concept of absolute delay 
bang any ,“cre*se I” tune above that wh,ch would be 
“*c*ss*rv to com&te the ooeratm” ,f no other traffic 
were ,&lved - 

2 Varmus traffic ra,,tes should be as ,“depe”de”t 
of each other *s posable Thm ,s one of the most 
,mporta”t factors ,” the ach,evement of * h,gh a<- 
ceptanee rate It alao has * profound effect o” cantrol- 
ler work load and fat,gue Every pomt of con3,ct 
built Into * system brings wth ,t add,t,onal controller 
work load I” the form of addltmnal *x/ground com- 
mu”,eat,o”s, add,t,on*l ,ntercantroller co-ordmatmn, 
and add,t,a”*l attentm” requwed to guard *ga,“st the 
poss,b,l,ty of makmg * mistake and cre*t,“g * hazard- 
ous sduatmn In deswnmg a layout of navlgatmnal 
f*e,l,t,es for * term,“81 *re*. It 1s desrrable to keep 
the mbaund routes separate from the outbound ,f 
poss,ble Where ,“ev,table crossovers occur, ,t ,s “*“a,- 
ly poss,ble to reserve certa,” altltudea for certa,n 
d,reet,ons of traffic so that “o co-ordmatmn ~111 be 
necessary between arrwal and departure controllers 
11, order to feed srcraft across thus point The estab- 
hshment of these blocked *lt,tudes r*qu,res care to 
,“sure that outbound arcraft w,ll not have to chmb 
at an exceswely h,gh rate to cross the fix at the 
speelAed level and to msure that mbound a,rcr*ft xv111 
not have to cro*s a close-,” Ax at a” excesswely high 
aIt,tude and ,“cur a delay because of the t,me requred 
for descent beyond th,s pomt. 

3 The system should prowde Aerlb,llty ,” order 
to accommodate d,fferent d,stnbut,ons and denslhes 
of tr*,iie To *“old surges of traffic entermg one stack 
of * hwn-stack system, * very snnple pronsm” can 
be made for d,vert,ng excess traffic mto the opposrte 
stack, *s shorn ,” Fig 13 Th,s feature eqvahzes the 
work load of the two sector controllers and provides 
better utll,zatlon of av*,l*ble alt,tudes and 
eommun,eat,ons channels 

Delays dur,ng low-dens,ty traffic operatmns can be 
m,n,m,zed by the prov,s,o” of short-cut dlreet courser 
wh,ch can be ut,l,zed under such ca”d,t,o”s Th,s fea- 
ture contributed to the very effic,e”t oper*t,anal 
character,shcs of * proposed VOR nav,gat,on layout 
tested for the Norfolk termI”* *re* 

As I” the evaluatmn of *“y ,mprovements I” *,r 
traffic control, the advantages to be gamed by the 
prowsmn of sny specific feature must be carefully 
wewhsd 1” terms of the costs involved A n*rt,cular 
advantage of dynam,c s,mul*t,on 18 that ,i prondes 
a means of ccmpar,“g the relatwe effic,*ncy of V*,IOUB 
speclAc configuratmns of nwgatmnal ad* 

Wg 13 Flex,ble Feedmg System Tested for 
Newark A,rpcrt 

Separatm” Standards 
Since the m,“,mum spacmg wh,ch may be em- 

ployed between *,rcraft 1s governed by the restnctwe 
effects of the current separatm” standards. these 
standards plsce a” ultunate l,m,t on the acceptance 
rate of any traffic system Therefore, ,” the explora- 
tm” of possible methods of ,“cre*s,“g the etlic,ency 
of ax traffic control, * great *mount of thought has 
been ewe” to the effect of ooas,ble chances ,” them 

All sepsratmn standsrds are based on the use 
of amounts of separatm” m excess of any dev,*t,ons 
wh,eh *r* l,kely to occur ,” the op*r*t,o” of the 
svstem In other words. *” excess of seoaratm” ,s 
,mposed m,t,ally ,” order to ,“sur* that~some wdl 
always remal” 1” SPlte of any nangat,onal or control 
errors wh,eh may occur 

Vertxal separat1an 
At the present t,we. 1.000 feet ,s the standard 

amount of vert,e*l separahon employed 1” the CAA 
*,T traffic control system It ,s clear that the accept- 
*“ee rate of * smgle-stack approach control system 
could be mereased d th,s standard were reduced It 
also appears that the an-route system could *won,- 
modate * greater “umber of a,rcraft through the pro- 
ws,*” of more A,ght levels I” * gwe” volume of *,I 
space However, because of the powble alt,tude de- 
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v,*t,ons caused by turbulence, *lt,meter *rrors, or 
shght changes 1” the trrm of h,gh-speed awcraft, ,t 
appears very unlrkely that the *v,*t,on mdustry w,,, 
Consent to * reduct,on I” the l,OOO-foot standard 
wth,n the foreseeable future 

Lateral Sep*rat,on 
The VHF om”,rs”ge theoretxally offers poss,b,,- 

,t,es for more effic,ent resrra”geme”t of arr,v,ng *,r- 
craft and for reduced delays of dep*rt,“g arcraft 
through the prov,s,on of mult,ple dwergmg courses 
wh,ch can be used to pronde separatmn between *,r- 
craft durmg descent and elnnb The c*p*c,ty of th,s 
festure, ,n terms of the number of r*d,*l courses 
which c*” be used s,multaneously, depends on the 
aeeuraey w,th which *ss,gned cours*s c*” be Aown 
Th,s factor ,s largely dependent a” the degree of 
aecuraey wth wh,ch the *,rborne recewmg eqwpment 
IS cal,br*ted 
Lonptudlnal (T,me) Sep*r*t,o” 

The present long,tudmsl-separatm” standards *re 
based on nangetmn and traffic control ,n * system 
where the exact pos,t,on of *,rer*ft IS know” only 
when such arcraft are dmectly over w,dely spaced 
radm Axes As long *a th,s system IS used, separ*t,on 
standards must rem*,” large and extravagantly w*ste- 
ful of *,rsp*ce I” order to exceed the poss,ble errors 
which may accrue It IS bel,eved that the development 
and adoptron of VOR-DME computer n*v,g*t,on wll 
mske poss,ble much more preeme “awgatm” and re- 
portmg procedures, 80 that reduced lo”g,tud,n*l- 
separatmn standards may be employed w,th safety 
Th,s would tend to reduce traffic delays by enablrng 
the system to accommodate more *meraft ,n * gwen 
volume of *rapace 
Rsdar Separstmn 

When radar ,8 used to pronde separatmn between 
arcraft operahng m termmal *re*s under ,nstrument- 

A,ght-rule (IFR) condltums, present standards require 
that * m,n,mum of three m,les of separatn,,, be 
mamtamed between such arcraft The three-m,le 
standard appears necessary s,,,ce ex,st,“g *,r traffic 
control radars do not contmuously drsplsy pos,t,ve 
aircraft returns and s,nc* very 1,ttle speed control ,a 
exercised I” traffic control operat,ona 

It IS bel,eved that ,mprove,“e”t I” radar deagns, 
supplemented by the development of sat,sf*ctory *,r- 
borne transponders, 1xll1 reduce the effects of prec,p,- 
tatmn, ground clutter, antenna-pattern nulls, and 
moYlng-tBrget-,nd,c*t,on (MTI) fndeouts and w,ll pro- 
v,de a radar d,splay wh,ch c*n be depended upon for 
showng all of the arrcraft all of the tnne 

If no attempt ,s made to control the speed of 
s,rcraft for *,r traffic control purpases, the p,lot is 
free to select any speed w,th,n the avarIable operatmg 
range Extenswe photograph,c measurements made by 
the CAA ,nd,c*te that *,r speed durmg the l*st 1,000 
feet of the mstrument-approach path varies from 12 
to 19 tunes the stall,ng speed of the everaft Even 
for d,ffere”t mrcrsft of the s*me type, the spread ~9 
only sl,ghtly less This characterlstx was taken Into 
account I” dynsmws,mulator tests through the *s- 
mgnment of random approach speeds to the v*r,ou* 
arcrsft m the traffic ssmple These speeds were 
*ss,gned ,n accordance wth the normal d,stnbut,on 
of speeds wh,ch had been observed m actual approach 
oper*tlo”s 

To operste *” approach flystem safely, the eon- 
troller must make allow*nce for the w,dest v*r,*t,o”s 
wh,ch *T* likely to occur ,” approach speeds As shown 
,n Rg 14, th,s cons,der*t,on req,,,r*s the u*e of 
greater separatmn between s”ccess,ve amcraft at the 
approach gate to make sure that sui%c,ent separatmn 
wll at,11 ex,st at the end of the runway Th,s mereas* 
lowers the act”*, aecep&“ce rate 

What 1s needed IS not necessarily 8ome standard 
approach speed but only the assur*“ee by the p,lot 

F,g 14 E&et of Varut,o” From Des,red 
Appronch Speeds 



that *ome spproach speed designated by h,m ~111 be 
mamtarned w,thm * small tolerance such as +- 10 
mph Fig 14 also shows the theoretleal reductmn I” 
separatmn which would be possible through the use 
of mor,e closely controlled approach speeds Provided 
the radar d,splay and the eommun,catmns procedures 
me dependable, It appears that th,s system should 
make possible * reductmn to perhaps two mdes m Anal- 
approach separatmn ,n order to take full advantage 
of h,gh-speed, runw*y turn-off fac,ht,es 

Control Procedures 
Radar has * very nnportant apphcatmn ,n the 

operatmn of termmal-area approach systems, smce it 
provides contmuous-Ax mfarmatmn of the pas,t,on of 
all mreraft m the system The Ground-Controlled Ap- 
proach (GCA) system. which IS the present standmd 
approach system of the m,l,tsry servxes. utllrzes 
radar mformatmn *a the basm for marshallmg and 
spac,ng *,rcr*ft m the landmg sequence and also for 
the actual navlgatmnal gmdance of aIrcraft down the 
final-approach path 

Because of the latter functmn. an ,nd,v,dual GCA 
controller usually needs to give h,s ent,re attention 
to * smgle axcraft durmg the final approach Thus, ,t 
1s dlflicult for * angle GCA final-control posltmn to 
aeh,eve *n acceptance rate h,gher than 12 alrcraft 
per hour durmg low-ce,l,ng and low-v,s,b,hty condo- 
tmns However, d add,tmnal sets of controllers, scopes, 
and communxatmns channels *re ava,l*ble. successre 
arcraft c*n be ass,gned to doTerent control pos,tmns 
m sequence The acceptance rate of * multlple-GCA 
system of th,s type should equal the acceptance rate 
of *ny other type of manually operated approach 
system 

From the m,l,t*ry standpant, the GCA system 
has the advantage of requrmg less p,lot profielency 
and less arborne eqmpment than that needed m ut,l,z- 
mg any other type of approach system However, GCA 
has the dmadvantage of requ,r,ng a large *mount of 
commumcatmns per amcraft and, consequently, a large 
number of control personnel to ach,eve a h,gh 
acceptance rate 

S,mulat,on tests ,nd,eate that, far h,gh-capaelty 
termmal-area operatmns. ,t ,a preferable to ut,l,ze 
radar prunar,ly ior the ana-aft-marsh*llmg and spae- 
mg fun&on and to ut,l,ze mstrument landmg system 
(ILS) or VHF ommrange (VOR) 8s the primary a,d 
for nav,gat,onal gudance down the f,nal-approach 
path Th,s preference 1s dxtated by the sheer volume 
of commumcatmns wh,ch would be requred to prov,de 
prec,s,on-radar approach gmdance to every arcraft 
m a h,gh-eapaclty GCA system The preferred system 
mnke. fnll use of radar ,n keenme the amroach uath 
full of ancraft *t mln,mum spa& Ii a’dd,t,on, &am- 
mun,cat,on t,me 1s saved and nav,gat,onal control of 
the aircraft on Anal approach IS returned to the p,lot 
The preclsmn approach radar (PAR) m th,s system 
1s used pnmanly as a safety check m momtarmg 
approaches It also functmns *s a primary-approach 
*,d m c*se of ILS or VOR f*,lure or for occasmnal 
an-craft whleh do not have functmmng ILS or VOR 
reeewmg eqmpment 

For ecO”omlc ***s0*s, most mqor a,rports *re 
eqmpped for mstrument approaches to one runwav 
only When the wmd. IS such that landmgs cannot be 
made strmght-,n on the u-str~ment runwsy, the usual 
procedure IS for pilots to descend on the mstrument- 
approach system to v,sual contact w,th the ground 
and then to clrele the field ,n order to lme up vlsuallr 
for the runway most nearly ahgned mto the wmd 

Smce the latter portmn of th,s type of approach 
mvolves low-speed turmng fl,ght *t low altitude, It 
1s much less desrable than other types of mstrument 
approaches In *dd,tmn, d the l*nd,ng ,s to be made 
m * drectmn toward the mstrument-approach path, 
the acceptance rate of the system IS greatly reduced 
In order to guard agamst a eolhsmn ,n ease the Arst 
amcraft mmses Its approach, the second arcraft 1s 

not cleared below ,mtml-approach *lt,tude untd the 
first one reaches * pomt where ,ts land,” 
Because of the add,t,onal t,me reqmred % 

IS assured 
y each 8x- 

craft to complete Its approach to this pant, the 
mterval between approaches becomes eneesslvely long 
It IS d,fficult to *eh,eve *n acceptance rate of more 
than 12 approaches per hour under such condltmns 

Some of the woret traffic delays encountered at 
any of our major au-ports occur under cond,tmns 11, 
whxh the wmd IS such that take-offs have to be made 
toward the dlreetmn of the Anal-approach path The 
landmg sequence has to be mterrupted before any 
take-off can be perm,tted The acceptance rste thus 
reaches a low ebb These condltmns can be greatly 
nnproved through the use of plan pos,t,on mdlcator 
(PPI) radar approaches to the runway III use Th,s 
procedure requres somewhat h,gher weather m,n,m* 
than do e,ther ILS or GCA approaches Because of the 
add,t,anal radar emdance reamred on each descent 
from the ,n,t,al-approach r&tide to the pomt where 
the p,lot has the Aeld ,n s,ght, commumeat,ons *re 
greatly mereased over the amount reqmred to operate 
* radar-fed ILS or VOR approach system 

Owmg to mcreased commun,eat,ons. the mterval 
between siccesswe approaches wdl m most c*ses be 
shghtly longer than the t,me reqmred to hrmg one 
arcraft from the ,mt,al-approach altitude down to 
v,sual contact S,mulat,on tests md,cate that an ac- 
ceptance rate of 20 approaches per hour IS possible 
w,th th,s system An *dd,tmnal advantage m the u8e 
of this type of approach procedure ,s the fact that 
t*ke-offs *re not made ,n a dIrectIon toward the 
arr,vmg amcraft Therefore. ,t ,a seldom necess*ry to 
mterrupt the landmg sequence to permit departure 
aperatmns 

Human Reactmns 
Slgmtieance of Test Results 

Dynanne slmulatmn offers the opportumty to ob- 
serve the performance and reactmns of traffic eon- 
trollers under the stress of handling reallstlr, 
controlled traffic Inputs The performance of the eon- 
trollers can be measured and assessed through the 
analys,s of control errors and through * &aph,c 
comparmon of theoretxsl delays versus actual delays 
encountered by the v*,,ous aircraft ,n the traAic 
sample 

It has been found. however that the type of 
quantltat,ve data obtamed so far ,n the course of the 
s,mulat,an program does not necessarily g,ve a drect 
Index of the relat,ve difficulty encountered by the 
controllers m feedmg traffic through different traffic 
systems It IS beheved that this ,nequal,ty ,a due to the 
adaptablhty of the controllers themselves, by sheer 
concentratmn, * good controller c*n shoulder the added 
mental work load of *n awkward traffic system and 
can turn ,n * performance surpr,s,ngly close to that 
obtamed with *n eas,ly worked traffic system Thus, 
differences m the rel*t,ve d,fieulty encountered ,n 
handhng w,dely d,fferent traffic systems show up an 
the test results as camparat,vely small d,fferenees ,n 
*ver*ge approach mtervals or m ancraft delpys 

The charaeterlst,c*lly drfferent mental work losds 
entaded by yarmus traffic systems produce differences 
,n controller fatigue However, up to the present t,me 
mental work load and controller fatigue remam ,n- 
tang,bles wh,ch cannot be measured quantrtatwely 
Far this reason. It hu been necessary to adopt *a d 
quahtatlve mdex the personal opmmns of the con- 
trollers who have partupated m the ~*rmus test runs 
Much v*l,d,ty has been placed on these controller 
observatlons reg*rd,ng the relat,ve dlffieulty 
encountered m feedmg trsffic through the v*rmus 
systems 

It 1s qute possible that there would appear 
grester quant,tat,ve varmtmns m amcraft delays and 
m control errors encountered w,th d,fferent systems 
,f the tests were extended to the pant where controller 



fatigue became a delimte factor I” the breakdown I” 
the system From results obtamed so far, ,t ,s beheved 
that such tests would have to continue for several 
hours under peak traffic loads before “otmeable breah- 
dom would occur from this cause Because such op- 
erstmg condlt,ons are extremely rare I” actual pract~e 
and because the budt-,” bottlenecks of a speafic 
system wm be revealed by much shorter tests, no 
workable term,nal-area traffic control system has ever 
been tested to the contr0ller.breakdown pmnt 
Importance of the Human Factor 

The present control system depends on the ablhty 
of human controllers to make satufaetory decmlons 
regard,ng the dmposltm” of ,ndm,dual mreraft ,” the 
traffic s,tuatmn These deelsmns are made a” the baa 
of Aught ,nformatlon supphed by other humans Con- 
trol mstmetmns based on these deexlons must be 
formulated and transnntted to human pdots, who muet 
comprehend and apply these ,“structlo”s I” the 
subsequent control of the ,“dwldual amcraft 

The art of gmchng two or more aucraft ,“to P 
final-approach path and of simultaneously estabhsh~ng 
proper spomng between them ,e a fasmnatlng “awga- 
rmnal operatlo” whmh reqoree a eons~derable degree 
of skdl and judgment on the part of the radar 
controller It ,s beheved that personnel should be 
carefully screened for 0”s lob, mnee the operation 
reqmres the abll,ty to vmuahze spatml relationships 
and the ,mag~“atmn to project tllght paths ahead, as 
well ae the &My to ,“tegrate lnformatlo” from 
several dSerent sources and to make rapId demmons 
wth regard to a conatently changmg traffic sltuatlon 

Tests showed that controller performance ,e a 
w,dely vanable factor whmh ee” have a profound 
effect a” the performance of any approach system As 
would be expected, tra”u”g and expenenee can raue 
the average to a lugher level Although not desvg,,ed 
spemlically es a trmmng devwe. the dynamw simulator 
has proved to he a” extremely effectwe ald ,” ““pro”- 
,“g the performance of control personnel 1” the uee 
of radar traffic-control procedures 

creased traffic loads However, tl”s procedure has two 

Beeauae of the cntmal importance of the human 

dwadsantages Fnxt, the prowslo” of eve” one extra 

element of mr traffic control. much work 1” the 
dynmmc-amulst~o” program has been devoted to a” 

control pomtm” on a” around-the-clock bas,s repre- 

analysm of the job of the ternnnal-eraa controller 
One pant brought out ,” thm study ,e that certm” 
mental and phymcal hnntat,ons exmt, a” ,nd,wdual 
controller ce” be expected to eee and do only so much 
dur,ng a spemtled mcrement of tune Where the system 
requmes thst tl”s cape&y be exceeded. two alterna- 
t,ves are open One ,e to add adchtlonal control 
personnel The other 1~ to find waye of mmpbfymg 
the lob of the controller to the pant where-he can 
control B lngher traffic load 

The adchtlo” of control personnel ,e a solution 
whhlch hue often been used I” the pest to meet n- 

slmulatlon tests ,ndwate that average Judgment must 
be consIdered as e residual element after the mental 
energy ur~hzed I” thlnkmg about other thmgs has bee” 
deducted For example, If the attentlon of the con- 
troller IS concerned wth estabhshmg and ma~ntam~ng 
posltwe ,dentlficatlon of a comparatwely large “umber 
of axcraft, he wdl have less tnne for makmg crlt,cal 
decwons regardmg the spamng of arcraft 

When the controller must work under co”d&o”s 
wluch requwe a high mental work load, hw spaelng of 
amcraft on the final-approach path wll become less 
accurate In order to make ewe that adequate separa- 
t,on wll be mmntamed at all t,mes. the controller w,ll 
usually tend to use more spsmng then would be re- 
qu,red ,f he had tnne to gwe more mdwldual attentlo” 
to the progress of each ancraft under hu control 
Tl”s pant was brought out during camper&we work- 
load tests of a saturated radar-vectormg problem I” 
one phase. mdwldual controllers had a maltlmom of 
four areraft under simultaneous radar-vectormg con- 
trol I” the other phase. each controller had a 
max,mum of grx axcraft under simultaneous radar- 
vectoring control Arcraft delays were 12 to 20 per 
cent h,gher I” the latter phase Tl”s ,ndmated that 
91~ axeraft 1s too large a number for one controller 
to handle simultaneously under present manual 
radar-vectormg procedures 

These results led to the development of termmal- 
area systems whwh could contmuously funet~on at 
top capamty wIthout ever requmlng e single controller 
to have more than three amcraft under s”nulta”eous 
radar-vectormg control Observations showed that such 
systems were far lees fat&wmg to handle over long 
penods S,nee ,” almost every human a&way there 
18 a causal relatlonshlp between fatigue and rate of 
erroi-. the sm,pler control systems tend to be safer 
than those whmh reqwre a lngh radar-vectormg work 
load 

A traffic-control system cannot work at top es- 
meney ,f one ma” becomes overloaded I” order to 
allevmte such a eondrtmn and ,” order to prowde a 
more effiment utlhzatlo” of manpower and of com- 
momcat~ons channels, ,t was found desrahle to prcwde 
a means for equahmng the work load of the va~~oue 
control posltlons One method winch worked out very 
well I” wnulat~o” tests of tw,n-stack systems ‘wee the 
flexible feedmg arrangement shown ,” Fig 13 I” the 
operation of th,s system, both sectors earned then 
share of the work load BesIdes ehmlnatlng heavy 
surges of traffic Into a smgle sector, tins flemble 
arrangement tended to keep holdmg altitudes at a 
“l”l”“” at all tunes 

the time spent ,n ,“tersector c&%;&b;; -iid 

It was found that the estabhshment of clean-cut 
lurlsdlctlon between control sector% eonstltuted a” ex- 

tended to ehmmate jur,ad,et~onal confumons end 
mmunderetandmgs 

tremely Important method of redwIng controller work 
load Thm a”n”hfied the trafilc nleture. reduced 

sents B vast ,“ereaee I” operating costs I” addltlon, 
each eubd,nao” of the total work load by a greater 
number of control pomtlons brmge w,th ,t a” ,“creased 
amount of ,nterco”troller co-ordmatron At come pant, 
the co-ordmnatmn work load becomes so complex that 
It becomes a barr,er to any further ,“ereaee I” the 
capaaty of the system 

Ob=watlon of s”nulated high-den&y traffic o 
4 

- 
eratlons hae revealed many opportuntme to simph y 
the job of controlhng ternm-ml-area trafic Some of 
the more ,mportant flndmge are dlacusaed ,” the 
followl”g esetmn 

Another way of reduemg work load was the ehm- 
,natlon of confhets between traffic patterns by mane 
of the reloeatmn of certal” routes or by means of the 
est.abl,shment of blocked altltudee for eertarn chrec- 
tlons of trafic flow Tl”s armphfied the operatm” by 
provldmg automatw separat,“” and by reduemg the 
number of crltwal deemrons wlxch the controller hsd 
to make In many caeee, ,t expedited departures by 
elmmuting the need for prior co-ord,natwn between 
controllers 

Axle to Controller Judgment 
Because tern,“-.&area traffic problems change 

rather feet, the controller must thmk ahead and make 
h,s decismns on the basis of current information plue 
a knowledge of projected U&t paths of the sheraft 
,nvolred Observatmns mnde during h&h-den&y-bat& 

Observarlona showed that mental work load could 
be reduced and the accursey of epemng w-craft on the 
final spproach could be ,n&easPd through the uee of 
B s”nple epamng reference on the map overlay TMs 
reference conmeted of three eoncentrx arcs spaced 
a” red” of 9. 4. and 6 ““lee from the spproaeh gate 
These arcs functioned ae a ready reference for the 
controller ,” estabhshmg optmmm spaang of s,reraft 
on the final-approach path 
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S,nce present rules reqwre that a departure be 
held on the ground ,f an smval on matrument ap- 
proach IS anthm two m,lea of the runway. an add,tmnal 
reference hne ww estabhshed across the approacn 
path two m,les from the end of the runway Th,s lme 
served as a go or no-go gage ,n the lob of co-ord,nat,ng 
departures wth arnvals Although the spacmg refer- 
ence Imes, as shown III F,g 16. const,tuted a verb 

F,g 16 Reference Lmes for Scope Overlay 

s,mple feature, they greatly decreased the work load 
m makmg cr,t,cal decmons and thus produced safer, 
more eSic,ent. and more oos,t,ve control 

It was found that &r the controller one of the 
most ,mportsnt a,ds ,n makmg rap,d decmons ,n 
heavy traffic cond,t,ons IS an onderstandmg of wh,ch 
factors are Important to the ,mmed,ate s,tuat,on and 
wh,ch factors “BY be lenared. or at least deferred 
temporardy, wth&t aff>ct,ng the safety or the 
efficleney of the system 

An example of th,s pr,nc,ple occurs ,n the opera- 
t,on of an approach system under saturated cond,t,ons 
Although the radar dmplay of the holdmg area may 
appear very confus,ng because of the large number 
of amcraft e,rchng the holdmg pattern, the enpertenced 
controller learns to dwegard the exact pos,t,ons of 

the areraft at the huher levels and to concentrate 
on the ,dent,ficat,onaand spacmg of only the two 
lowest mrcraft. namely, the a,rcraft wh,ch has been 
cleared for approach and the one wh,ch w-111 follow 
,t down the final-approach path As long ae the other 
arcraft ,n the hold,nn pattern have altitude sew.rat,on 
from each other and&o rema,” ,n the des,red~v,c,,,,ty 
of the holdmg 6x. thew exact radar ,dent,ty and 
pos,tlons are not er,t,cal to the operatmn of the ap- 
pmach system Thus, the controller can be tramed to 
dwegard the confusmg detmla of th,s pwture and to 
gwe more attentmn to the two a,rcraft wh,ch are at 
cr,t,cal pos,t,ons ,n the approach sequence 
S,mpl,flcat,on of Vmee Commun,cat,ons 

In an asynchronous sct,v,ty such 8s a,r traffic 
control where the start of one operatmn must wa,t 
for the complet,on of a preced,ng operat,on, rap,d de- 
pendable commumcatmns become a necees,ty Th,s 
fact was brought out ,n a foregomg seet,on wh,ch 
analyzed the effect of eommun,cat,ons lag on the ap- 
proach mterval of a fixed-block system Rap,d, depend- 
able commun,cat,ons are even more ,mportant ,n a 
radar-vectormg approach system, where B delay ,n 
recewng deawed headmgs may cause a p,lot to end 
up wth too much or too httle separat,on behmd the 
axcraft ahead or may cause h,m to wander mto a 
pos,t,on from wh,ch he cannot complete h,s approach 

The t,me spent m commuh,catlons detads reduces 
the time ,n wh,ch the controller can be plannmg his 
handlmg of the traffic s,tuat,on It con also become a 
l,m,t,ng factor to the number of arcraft he can con- 
trol s,multaneously Therefore, ,t ,a essentml m the 
operat,on of a h,gh-eapamty traffic-control system that 
the commun,cat,ons t,me per a,rcraft be kept a8 low 
as poss,ble 

Several methods of reducmg commun,cat,ons time 
have become apparent dunng s,mulat,on tests It ,a 
beheved that a number of eommumcatmns Items wh,eh 
are now considered standard could be ehmmated ,f 
they were to be pubhemed and made mto a standard 
operatmg procedure Control could then be predmated 
on then use w,thout spemfic reference to them on 
commun,cat,ons channels These Items mclude rad,o- 
fadure ,nstruct,ons (IF NO INSTRUCTIONS ARE 
;;R;I;;D FOR A PERIOD OF ONE MINUTE PRO- 

~ AT LAST ASSIGNED ALTITUDE 
AND ADVISE, and eo&p,t ,nstruet,ons (CHECK 
GYRO AND DO NOT RESET FOR REMAINDEh 
OF APPROACH) (PERFORM LANDING COCKPIT 
CHECK), (WHEELS DOWN AND LOCKED) It IS 
beheved that cellma and v,s,b,l,ty ,nformat,on could 
be ehmmsted wheh both ,tems ire above the lnmts 
pubhshed m the Fhght Informat,on Manual It IS 
also beheved that the phrase DESCEND TO AND 
MAINTAIN (alt,tude) could be shortened to DE- 
SCEND TO (alt,tude) w,th no detnmental effects on 
safety 

A t,me-savmg procedure wh,ch has become neces- 
sary ,n saturated-traffic s,mulat,on problems 1s the 
,ssuance of weather and ronway ,nformat,on to groups 
of arcraft on the same channel s,multaneously rather 
than separately to each ,nd,v,dual arcraft This pro- 
cedure ,a recommended for actual traffic operatmns 
prowded that some check IS employed to ,neure that 
each pdot recewes the dewed mformat,on 

Use of V,sual Informat,on D,splays 
The lob of the a,r traffic controller ,a made up of 

an almost contmuous ser,es of decmons or ehmces of 
a&on wh,ch must be made on the bas,s of avadable 
A,ght ,nformat,on and data Th,s ,nfarmat,on may be 
classed m two d,iTerent cateeor,es. status ,nfarmat,on 
and transmnt ,nformat,on I 

Status mformatmn ,a that data wh,ch does not 
change rapldly but whwzh remams relatwely fixed and 
up-to-date for long per,ods Under th,s elass,ficat,o,l 
come geographwal layout, arrangement and charac- 
ter,st,cs of rad,o fac,l,t,es. m,n,mum alhtudes, and 



other data regardmg control procedures Much of thla 
informatmn can be memorized by the controller Hou- 
ever. observations mdlcate that If there ,e any pass,- 
blbty that confusion or mlsquotatlon of such data 
could lead to B crltical traffic atuatlon, It 1s very 
deeirable to have the Itema posted for rapid reference 
by control pemonnel 

Transient InformatIon contams data which may 
change rapldly This type of mformatlon reqwres dla- 
playr capable of indicating moment-to-moment 
changes Such dlsplays may be e mbohc, p~ctonal. or 
a combination of the hvo types 

s P 
ymbohc da lays m- 

elude Bight-progress boarda or other types o quickly 
changed tabulatmna of flight data Plctonal dlspla) Y 
melude radar scopes or plottmg boards which show ,n 
effect B picture of the amcraft in the traffic s,tuat,on 

One promiamg method of reducmg controller work 
load ,s to reduce the number of Items which the eon- 
troller must obsene m normal traffic operstlons. This 
idea Is based on the concept that the fewer the 
observations the controller must make to arnve at a 
satmfactory declslon, the fewer opportumtles wll there 
be for hm, to fad to observe some cntleal Item There- 
fore, It appears deemable tn lbmt the number of 
displayed ,tems to those which are actually entlcal 
to the decmlons at hand 

Because the p~etnnal durplay supplements and 
augmenta the symbohc display. observations made dur- 
mg snnulatlon tests show that considerably fewer 
hems of wmbohe mformahon we reqwred when a 
combmat,on d,splay ,e available In &nect~on wth 
the development of automat,c data-transfer equipment. 
,t was found that with B posItwe and dependable 
p,ctorral d,splay the termmal-area controllers needed 
only tabulated lnformatmn on the Identlflcatmn, speed, 
altitude. and clearance limit or destination of each 
aweraft These ,tems sufficed for high-denaty arrival 
and departure radar operations In case of fallwe of 
the p,ctor,al d,splay, the control system reverted to 
txoed-approach procedures and addltlonal Items re- 
gardmg expected approach-clearance t,mes and 
proposed and actual fw.-departure t,mee were posted 

The t,me and effort reqmred for the actual op- 
perat,on of the symbohc display has been gwen a great amount of thought Where flight mformatlon has to 
be transferred between control agencies or control 
pos,t,ons by mterphone, ,t 1s nnportant that the data 
be so arranged thst It can be transcribed w&h the least 
amount of effort. confusmn. and tnne The adootlon 
of a straight left-to.nght se&nce m the arrangement 
of transcribed data offers much nnprovement over old 
systems which reqwed the writer to transcribe 
success,ve flwht-progresa-strip items m an nwgolar 
order 

The p,etor,al dmplay furnished by the dynamw 
smmlator ,s the equwslent of a” awport surveillance 
raoar w,th v,deo mappmg It IS presented on 1%mch 
scopes by means of B rotatmg eweep The map range 
normally covert B radius of 20 or 30 miles. dependmg 
on the type of system bang mvestlgated Tests showed 
the supenonty of large-scale displays over small-scale 
ones m helprng controllers to space arcraft precisely 
on Anal approach Approach mtervals were consistently 
less when the p,ctonal display was expanded to a 
larger scale There were also fewer aborted a 

P 
proaches 

due to msufficlent separation between amera t 
Each ancraft target normally appears on the 

a,mulator ecreen as a srngle spot of bght wthout 
,dent,flcatlon Some tests were made vnth larger tar- 
gets which eonslated of a rmg wth a smgle numeral 
made One result of this test was that approach m- 
ten.& ma-eased when the larger targets were used 
Th,s mdlcated that controllers engaged m spacmg 
operatmns were concentratmg on the spaces between 
the targets rather than dmectly on the targets the,,,- 
selves In attemptmg to keep adequate space between 
targets, they actually mcreased the spaemgs between 
target centers when the large targets were used 
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Durmg the course of the mmulstlon etudles, It wee 
found possible to design termmal-area control aystems 
whxh never requwed a smgle controller to know the 
exact IdentIty of more than three radar tarpets aimul- 
taneourly The use of such a system mrn6mzee the 
need for separate target ldentlflcatlons m the termmal 
orea These tests show that II tramed controller has 
httle dlflleulty m keeping stra, ht the ldentltma of one 
to three targets m an approec f 
he can eee them contmuously 

pattern, pronded that 

These flndmgs nnply that for properly designed 
termnm-area layouts. It Is far more mlportant to 
prowde a posltrve, eontmuous dleplay of ancraft poa- 
tlons than to provide B display capable of showmg 
dIRerent ldentlficatlons for daTerent targets I,, the 
pattern 

For a long tnne, certam authorltles have felt that 
trafie control radara requwed a relatwsly high rota- 
tmn rate m order to be eflechve m guldmg amcraft 
on approach courses Several thousand dynamic- 
sn-oulator approaches made at a sumdated scannmg 
rate of 12 rpm, together with more than 300 compara- 
he tests made at vanoue antenna rates wrth actual 
radar equipment and amcraft. showed conclusively 
that a high rotation rate 1s not necessary for termmal- 
area traffic-spacmg operations or for precme PPI 
approsch gwdance The results of the actual radar 
tests are detaled m another report ’ 

From the standpomt of controller work load, .t 
18 very deearable that the radar dmplay be able to 
mamtam contmulty m the display of each target track 
Camparatwe slmulatlon tests made wtb and wthout 
radar trade showed that the presence of trolls ,a a 
dntmct advantage to the controller for the followng 
reasons 

I Trolls cm, aId I,, the ldent&atlon of B e&c 
ta;%&vhen these targets have been assigned dl tp erent 

2 -Trads give a very good mdlcet,on of speed, 
wmd drift. and relatwe motion 

3 Trads help mamtam a semblance of contmulty 
m the traffic pwture under condltlons where targets 
cannot be eontmuously observed 

4 Exammatlon of trolls gwes the controller an 
early mdlcatmn whether or not eertam mstructlona 
u-e bang followed by the pllot 

One subject whwh cannot be overemphasmed ,e 
the nnportanee of posItwe radar ,dent,fieat,on of al, 
aircraft which ai-e under radar nav,gat,onal gudanee 
Mmldentlficatlon of a smgle target can lead to an 
extremely hazardous traffic or flight s,tuat,on and 
thereby destroy pubhe confidence m the radar traPdc 
control system The use of turns to speelfied besdmgs 
for the radar ldentlffeatlon of md,ndur,l areraft ,s 
a procedure which consumes considerable tune and 
adds to the commun,cat,ons work load Smmlat,on tests 
mdleate the followmg methods of obtemmg radar 
,dent,ficet,on 41 be preferable, when ava,lable 

1 Use of a posltlon report from a pIlot leaving 
a eultable termmal-area rad,o fix on a speclfled 
headmg 

2 “se of B VHF-ADF bearing by the radar 
controller 

3 Use of a bloomer arreraft safety beacon code, 
on request of the controller 

4 Use of a pllot pos&on report determmed from 
an amborne pletorurl display 

Snnphficatmn of mforroatlon dmplays has been 
mentIoned as one method of reducmg controller work 
load A further step 1s to merease the ease of obaerva- 
tlon of the remammg factors Under thw category 
home such factors as arrangement, bghtmg, and lem- 

‘C M Anderson, N R Smith, T K Vlckers, and 
M II Yost. “Effects of Varmus Antenna Rotat,onal 
Rates on a Type ASR-1 Radar,” CAA Teehn,cal 
Development Report No 182, September 1962 



blllty of displays Snnulatlon tests show the ,mportance 
of ‘.eeplw the plctonal and symbohc d,splr,ys ad,aeenr 
to each other m order to present a complete pxture 
of the traffic sltuatlon and in order to ellmlnatr 
possible confusIon 

Use of present radar ecopes m control operatlons 
presents a hghtmg problem, smce stray hght m the 
control room can obhterate the radar picture Three 
methods were tried on the snnulator to furmsh sufii- 
clent lllummatlon for the control desk and for the 
symbohc display wthout mterfermg wltb the plctorml 
dlsplsy on the radar scopes 

The first system utlhzed amber Alters over the 
radar scopes and B blue-filtered hgbt on the control 
desk The combmatmn yellow-blue filtermg system 
elnnmated stray reflectlone on the scope face, but the 
blue amblent hght gave a pecuhar color to other 
objects m the room Tbls effect was shghtly dlscon- 
certmg at first but became unnotleeable after a long 
tune 

The second method utlhzed short metal shields 
over the scope faces and a red-filtered hght on the 
control desk The red hght momtamed the dark adap- 
tatmn of the controllers’ vmmn. whde the hoods shaded 
the scope faces from the red hght source 

The third system utlbzed a combmatlon of three 
colored fluorescent lamps-red, blue, and green - 
which pronded on apparently white amblent hght m 
the room This bght orlgmated from an IndIrect- 
hghtmg fixture mounted behmd the scope cabmeb, 
and it was re0eeted off the white eelhog of the control 
room to Bood the workmg space Short hoods were 
promded over the scope faces to reduce direct reflec- 
hens from the eellmg, and the scopes were equipped 
with amber filters Because the lllummabon was BE- 
tually defielent m the yellow-orange portlon of the 
spectrum, the amber filters preserved the picture con- 
trast on the scope faces 

Controllers who worked wkh all three systems 
preferred the thud system Thm one apparently re- 
duced eyestram by prowdmg B not-too-unnatural form 
of amblent hghtmg m the area surroundmg the radar 
scopes 

Weather 
As yet, a detmled study of the eRects of ee,l,ng 

and vlslblldy on amport acceptance rates has not been 
made m connection wth the slmulatlon program How- 
ever. several other weather effects are already known 
A head wmd on the final-approach path has the effect 
of reduemg the acceptance rate by decreaamg the 
average ground speed of the an-craft concerned This 
effect ls shown m Fig I6 Surface wmds of low 
velocity offer a greater freedom of take-off and land- 
mng dmectlons than do wmds of high veloelty If 
dwergmg runways are avallnble, low wmds usually 
pernut a higher take-off rate than do high wmds Pre- 
elpltatlon tends to reduce vlslblhty and often hse a 
detrunentsl effect on the dlsplays of present an-traffic- 
control radar equipment The determratlon 1s due 
mamly to the addltlon of scope clutter which may mask 
the areraft targets completely or, at least, may make 
the targets difficult to follow Improvements m the 
deslgn of ground radar and mrborne safety-beacon 
equipment may allevute these effects The detrunental 
effects of preepltatmn on runway brakmg condrhons 
tend to reduce the acceptance rote by mcreasmng 
runway-occupancy times of landmg aircraft 

RADAR TRAFFIC-CONTROL TECHNIQUES 
The slmulatlon program has presented the oppor- 

tunrty to try out and to observe, under loadmg condr- 
tlona much higher than thoee normally encountered 
in preeent teri%mal-area operations, the operation of 
many types of traffic-control procedures Followmg LB 
B descnptmn of the trail&control techmquea whxh 
have proved most effectwe dunng the thousands of 
simulated ternunal-urea fhght operations completed 
durmg thu program 
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Fig 16 E&et of Headwmd on Separation 
Required Between Amcraft on ILS Approach 

at Washmgton National Anport 

AIrcraft Entry 
Arrwal Control 

The funetlon of termmal-area arrwal control 19 
to assume control of mbound aircraft entermg the 
termmal area and to feed them mto the final-approach 
gate m *II orderly. efficwnt sequence wth proper 
separatmn between alreraft and on paths which will 
enable each amcraft to cross the approach gate mbound 
at the Anal-approach altitude 

Normally, arrwmg awcraft enter the termmal 
area at tnnes which are essenturlly random Each am- 
craft is cleared by the ARTC Center to an approprwte 
holdmg 6x m the terminal area While en route to the 
fix, each amcraft has altitude separation from all other 
amcraft cleared to the some fix Whenever poeable, 
entry altitudes ore so arranged that the Arst amcraft 
wdl arrwe at the holdrng fix at the lowest altitude, 
with successwe aircraft at auccrsswely higher altitudes 
Each aucraft 18 released to terminal-area control at 
en appropriate tmre, place, or altitude at which It LB 
expected to be clear of all other tralBc except that 
which 1s bound for the came terrmnal area 
Estabhshment of Approach Seauence 

Whenever the &mmal-aria traffic Input exceeds 
the acceptance rate, the traffic-control system will have 
to delay one or more amcraft in order to feed D 



methodma sequence of properly spaced *,rcraft ,nto 
the final-approach path Several methods are ava,lable 
for adJust,ng these delays Coarse *dJustments are 
made bv holdmg techmques. and fine adjustments *re 
made by veloc,ty control or by path strekhmg 

Holdmg patterns form convement ,-eeervo,re for 
excess traffic wh,eh cannot be accommodated ,n the 
approach paths 4,rcraft holdmg at estabhshed radio 
fixes reman under fthe navlgatmnal control of the,= 
p,lats Therefore, they requre less attentmn from the 
controller than axeraft wh,ch are under radar n*w- 
gatmnal gwdanee For th,s reason, the lud,c,ous use 
of holdmg patterns under heavy-traffic cond,t,ons ,6 
e very nnportant means of keep,ng the radar 
nav,a*t,onal work load at a m,n,mum 

As long *s amcraft enter the termmal area ,n 
the proper altitude sequence. the est*bl,shment of tho 
landmg sequence can be made on * sample fir&come, 
fir&served basis. s,nee the ,n,t,*l amcraft wll be *t 
the lower alt,tu& and can be dvected on the shortest 
pract,cable path to the approach gate Subsequent 
alrcraft are cleared down to lower alt,tude levels *b 
won 88 such levels become *v*,l*ble 

Slmulatlon tests ,nd,cate that the eas,est and 
safest method of handlmg th,s operation ,s to run 
the termmal-area srrwal routes end hold,ng patterns 
8s * fixed-block system employmg altitude separation 
between all arcraft cleared to the s*me holdmg fix 
Alt,tude separatmn need not be employed between 
a,rcraft wh,ch have left the hold,ng fixes and are m- 
bound toward the *,rport, prowded such axeraft have 
enough longltud,nal separ*t,on that they could con- 
t,nue thew approaches to the *,rport safely ,n the 
event of radar f*,lure 

Because of a,*-route traffic bottlenecks, made- 
quate a,rw*y commun,cat,ons fac,l,t,es, or terra*- 
clearance restr,et,ons on certa,n routes, ,t 1s not 
always poss,ble for ARTC to clear arr,v,ng mrcraft 
,nto the termmal *re* ,n *n optnnum alt,tude se- 
quence Thus, reverse-st*ck,ng cond,t,ons somet,mes 
develop W,th radar, ,t IS often possible to unscramble 
a reverse-stackmg s,tuat,on and to ma,nt*,n * first- 
come, flrst-served l*nd,ng sequence even though the 
,n,t,al entry *lt,tudes may be out of the des,red *e- 
quence Before usmg th,s procedure, however, the 
controller must take ,nto eonslder*t,on the t,me and 
fl,ght dlstsnce whzch wll be requ,red by an ancraft 
deseendmg through thr altrtude of * lower arrcraft 
In many c*ses, the *dd,t,onal tune end space requwed 
for the descent may null,fy *ny game wh,ch would 
be expected by ele*r,ng ,n the higher, earher-*rr,v,ng 
axcraft ahead of the lower, late-arr,vmg one 

Because the amount of long,tud,n*l se arabon 
required between two succeeswe arcraft on t l e final- 
approach path depends on the relatwe speeds of the 
earcraft Involved. ,t ,s necew*ry for the controller to 
know the speed classification of the preced,ng a,rcraft 
In the oper*t,on of a twn-stack approach system, th,s 
mformatmn IS co-ord,nated between controllers when- 
ever *n a,rcraft from one sector wdl follow *n amcraft 
from the other sector 

S,mul*t,on tests show that the eatabl,shment of 
the land,ng sequence from a twm-stack feed,ng system 
becomes * relst,vely nmple matter If both radar con- 
trollers follow the rule that ,solated *,rcr*ft w,ll be 
landed ,n the e*me order ,n wh,ch they *,-e ready to 
leave the holdmg Axes 

When the spproach systero becomes saturated and 
two or more ancraft *re holdrng ,n each stack. ,t ,s 
more advantageous to clear two arrcraft from one 
sector followed by two amcraft from the other sector 
This procedure reduces the amount of co-ordm*t,on 
required between controllers The Job of sett,ng up the 
l*nd,ng sequence ,s changed Into * type of cychc 
oper*t,on ,n wh,ch each controller gets * short breath- 
mg spell wh,le the other controller 1e feed,ng *,rcraft 
,nto the Anal-approach psth Controller observat,ons 
show that, over long per,ods. th,s two-and-two 

alternatmg work cycle ,e lees fat,gu,ng than a 
first-come, first served system 
Veloc,t5 Control 

Control of *,rcr*ft veloc,ty has not been much 
exerc,sed by *,r traffic control ,n the past, *,nee ,t 
appeared to encroach somewhat on the p,lot’s pre- 
ragat,ve and smce the spec,fic*t,on of * speed too low 
for the prevalhng fl,ght cond,t,ons could lead to * 
hazardous s,to*t,on However, slmul*t,on tests of high- 
dens,ty traffic operet,ons ,nd,cate that, under certam 
cond,t,ons. the use of a lnmted degree of veloc,ty 
control IS des,rable ,n order to s,mphfy the trafic flow 
and ,n order to reduce the work load of the termmal- 
area controller For example. If two arcraft wth 
smnlar speed ch*r*cter,st,cs *re mak,ng stralghb,n 
approaches ,n tra,l toward the approach gate and the 
first one decelerates to approach speed, the second 
awz-aft xv111 begm to overtake the first unless the 
controller takes ,mmedl*te *ct,on One method of 
ma,nta,n,ng sep*r*t,on between these arcraft would 
be through the ass,gnment of S-turns to the second 
axeraft, but * snnpler and more deswable method 
would be to adwse the pllot of th,s *,rcr*ft to slow 
to approach speed 

As shown ,n Table I. en mreraft can descend on 
* steeper path wthout ,nereae,ng the descent rate d 
the forward veloaty ,s reduced In many ceaes, *n 
mrcraft enter,ng the termmal *re* at e relat,vely h,gh 
alt,tude wll be able to make a straght-,n descent to 
the approach gate ,f ,t can he slowed down to mter- 
medmte or approach speed soon enough Otherwee, 

TABLE I 

FLIGHT DISTANCE REQUIRED 
FOR l,OOO-FOOT CHANGE OF ALTITUDE 

Ground 
Speed 

(mph) 

120 

150 

180 

240 

300 

Rate of Alt,tude Change 

500 fpm 
(mrles) 

1.000 fpn 
(m,les) 

4 2.0 

5 2.5 

b 30 

8 40 

10 50 

TABLE I FLIGHT DISTANCE REQUIRED 
FOR l,OOO-FT CHANGE OF ALTITUDE 

,f It cont,nues at cru,s,ng speed unt,l ,t reaches the 
hold,ng fix, ,t may not have tnne to lose ,ta excess 
*Mode before ,t resches the aooroach nate unless 
the controller *ss,pns some ho&inn or &her path- 
stretchmg maneuve; Therefore, when a controlleiseea 
this type of s,tust,on eonung up, it I* uauelly deelrsble 
that he adwse the p,lot to slow down early ,n the 
anoroach 

As ,llustrated m F,g 4, the r*d,us of * standard- 
rate turn is * funct,on of the speed of the *,rcraft 
Most holdmc oatkrns are based on the use of tuned 
stralnhl k&if~,~&i~i&gih~ oihleh~la also * fun&on 
of speed Therefore, the use of reduced speeds m 
hold,ng patterns enables a,rcraft to ut,l,se leaa *v 
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space and to rema,” closer to the desmed hold,ng fix 
at all t,mes 

Snnulatv>n tests. as well as hundreds of actual 
radar approaches, show that ,t 1s much eas,er to ahgn 
an amcraft prec,se,y on a desired final-approach course 
If the rare of closure n,th the dared course ,s re- 
dueed One method of reducmg the rate of closure ,b 
by the use of small angles of ,ntercept,on Another 
method 1s by the red,,ct,on of the forward speed of 
the axcraft 

Occas,onally a s,tuatmn ar,ses where,” ,t 1s ap- 
parent that a large gap followed by a heavy traffic 
demand rate ~111 develop ,n the approach sequence 
In such a case, ,t appears desrable to sdwse an a,r- 
craft to merease speed s1,ghtly I,, order to reduce an 
excessive mterval beh,nd the amcraft ahead Smce 
changes ,n speed usually result n, changes m a,reraft 
tnm, as well as m other ,ncreases ,n the work load 
of the pllot. th,s procedure should be used w,th d,b- 
rretmn It ,s not recommended for use after an a,rcraft 
1s w,th,n two m&s of the approach gate 
Path Stretchmg 

Path stretch,ng 1s probably the most useful of 
radar control procedures It may be defined as the 
control of the length of a fl,ght path by means of the 
~sm~nce of headmg mstruetmns to the p,lot In most 
easer, th,s procedure 1s ut,l,zed to enable an arcraft 
to lose tune ,n order to estabhsh separatmn behmd a 
prcced,ng ancraft or to lose altitude before crossmg 
B speafic fix The actual stretchmg operatmn ,a usually 
camb,ned with the operatmn of gu,d,ng the an-craft 
to a des,red course or approach gate At the start of 
an approach sequence, arr,v,ng mrcraft can enter the 
approach paths wIthout any haldmg ,f the number of 
awcraft ,n the area between the holdmg fixes and the 
approach gate does not exceed the optunum eapaaty 

In estabhshmg proper separatmn between such 

amcraft. the arcraft at the lowest altitude 1s ass,gned 
the most d,rect path to the approach gate wh,le suc- 
cesswely h,gher ones are fanned out on success,vely 
longer courses as necessary to place them ,n the proper 
sequence lmth proper separatmn and at the proper 
alt,tude as they cross the approach gate Excess ar- 
craft are cleaed to the appropriate hald,ng pattern 
They are cleared m success,on off the bottom of the 
hold,ng pattern as necessary to keep the approach area 
operatmg at ,ts optunum capamty When holdmg pat- 
terns are arranged as shown ,n Wg llA, arcraft 
leave the holdmg pattern an the downwnd leg of the 
approach pattern For radar ,dent,ficat,an, p,lots are 
requested to report when leaving the holdntg fix out- 
bound The course IS extended as necessary to secure 
proper separation from the preeedmg amcraft ,n the 
approach sequence The a,rcraft IS then turned ontn 
the base leg of the pattern, at wh,ch tune a further 
spac,ng adjustment may be made Because of the re- 
xmblance of th,s spac,ng method to the a&on of a 
well-known mus,cal mstnnnent, th,s type of approach 
layout ,s called B trombone system 

The lob of spac,ng a,reraft properly on the iinal- 
approach path can be faclhtated through the use of 
n spac,ng table posted at each arrwal radar control 
pos,t,on A typ,ea, table 1s shown ,n Wg 18 This 
table ,s based an a m,n,mum separatmn of three miles 
between any two a,rborne amcraft For eases where 
a faster aweraft follows a slower arcraft down the 
final-approach path, the three-nule standard 1s ,n- 
rreased by an allowance for the speed d,fferent,al 
mvolved A further allowance ,s made ,n all cases to 
compensate for the normal d,str,but,on of speed var,- 
at,ons from the dewed am speeds The ult,mate pur- 

t 
ose of spaang tables IS to set up enough separatmn 
etween success,~e aweraft at the approach gate so 

that the first arcraft wll always have tune to vacate 
the axport wnway before the second arcraft reaches 

Fig 17 Peel-Off Procedure 



Wg 18 Typical Spsc,ng Table 

the wave-off pmnt Design cons,derat,ons for spacmg 
tables are dmeussed m deta,, ,I, B com~anmn rewxt ’ 

As prewously ,nd,cated, slmulat,on tests have 
shown the des,rab,l,ty of keep,ng the final-approach 
path short and the maneuver,ng area confined to a 
relat,velv small sector well v&h,” the exnected cover- 
age of t&e radar Therefore. when ,t becomes apparent 
that an mrcraft on the downwmd leg of the approach 
pattern IS gomg to requrre a delay of two m,nutes or 
more to secure proper spacmg beh,nd other traffic ,n 
the land,ng sequence, ,t IS often preferable to have 
an a,rcrsft lose t,me m a 360’ turn ,nstead of allowmg 
,t to contmue on B long, outbound pattern As shown 
,n F,g 19, B 360” turn away from the final-approach 
course perrmts much greater flen,b,l,ty ,n path stretch- 
,ng than B turn toward the Anal-approach course Be- 
cause of the prease approach spac,ng wh,ch th,s 
maneuver permits, the 360’ turn away from the Anal- 
approach course ,s a very useful control procedure 
S,mulatmn tests mdmate that when aas&nmg this 
maneuver, It ,8 usually advantageous for the controller 
to ,nstruct the pllot to report when paamng through 
certa,” speci5ed headmgs or when completmg the 360” 
turn Under heavy-traffic condltmns. these reports 
serve 88 a useful remmder to the controller that It ,s 
tnne to eonslder further actmn regard,ng the fluht 
of the e,rchng axcraft 

When holdmg patterns are arranged 88 shown ,n 
Rg 16B. aircraft msy be cleared to leave the pattern 
I,, e,ther of the ways that are ,llustratad Usually. the 
p,lot is ,nstructed to leave the pattern on a s?eclAad 
bead,ng and ,$ requested to report upon reschmg thu, 
headmg In many cues, th,s report serves aa a means 
of radar Ident,dcatmn. BB well BB B rem,nder to the 
controller that the nrrcraft ,a approach,ng a keg 

E 
c&lo” where an add,tionsl epscmg adlustment can 
e made 

An opportun,ty of decuwe ,mportance for the 
prec,se adlustment of the approach ,nterval occ”r8 

when the arcraft ,s on the base leg of the approach 
path, as shown ,n F,g 20 If the controller can 81~8 up 
the s,tuat,on quckly when the arcraft reaches th,s 
key pos,t,on, he usually has the opportun,ty to ,n- 
crease, mamtarn. or decrease the current separatmn 
between th,s arcraft and the one ahead This ad],& 
ment IS made by turnmg the second arcraft to a 
head,ng wh,eh w,ll ather shorten or lengthen ,ts 
normal path, so that It wll be able to reach the 
approach gate wth the dewed separatmn behmd the 
first aircraft 

The controller must be consc,o”s of the relatwe 
speeds of the two arcraft, the effects of the prevmlmg 
wmd cond,t,ons, the turn,ng rad,, of the axcraft. and 
the amount of separatmn which wll be requred be- 
tween the arcraft when the first one ,s over the 
approach gate As prenously stated, the des,red sep- 
aratmn at the approach gate IS a functmn of the 
speeds of the two a,reraft. as well as of the dmtance 
between the approach gate and the mrport Fortu- 
nately, the effect of the speed d,fferentlal between 
suceess,ve areraft IS m,n,m,zed when the f,nal- 
approach path ,a kept short Therefore, the “se of 
relatwely short final-approach paths s,mpl,hes the Job 
of ,udg,ng the amount of spacmg reqmred between 
suecesswe aircraft 

F,g 21 shows B common ,llusmn wh,eh cm, lead 
to ,nsuffic,ent separatmn between amcraft at the ap- 

sBerkowitz and Doermg, ofi cl, 
Fig 19 Path-Stretchmng Flemblhty Powhle After 

Stmtmg 380’ Turn Away From Course 
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preach gate ,f the controller falls to conmder the 
praweted d,stanee of the first arcraft from the gate 
when he turn5 the second amcraft toward the gate 
The effectwe separatmn between the two amcraft, m 
terms of them relatwe d,stanee from the approach 
gate, IS much less than the,r apparent separatmn from 
each other 

When It becomes ewdent that an axcraft on the 
final-approach path wdl not be able to m~,nta,n s&i- 
c,ent separatmn behmd the one ahead. the controller 
should take ,m”ed,ste correctwe act,“, If the over- 
takmg mrcraft has already slowed to approach speed, 
the only approprmte act,“, w,lI be some form of 
path-stretchmg 

If the overtak,ng arcraft IS &,I, a rather lm,g 
distance from the approach gate. an S-turn may be 
assIgned. as shown m Fig 22 The m,t,al turn should 
be at least 60” off course S,mulat,an tests show that 
turns of less than this amount do not produce enough 
path streteh,ng m the short dlstanee wadable for the 
maneuver to make them use of any prset,eal value 
As soon as ,t becomes apparent that adequate final- 
approach sepsrstmn has been re-estabhshed, the eon- 
troller should turn the aweraft back to mtercept the 
final-approach course as soon as poss,ble Before 
ass,gn,ng an S-turn mar,euver, the controller should 
make sure that enough space w,ll be avadable for the 
maneuvermg axcraft to become re-estabhshed on the 
final-approach course before ,t reaches the approach 
gate If adequate a,r space for the maneuver does not 
exist. the neat best alternatwe 18 to direct the arcraft 
“to a 360’ turn Th,s maneuver wll delay the arcraft 
at least two “mutes, produc,ng a large gap m the 
approach sewence 

If the overtak,ng axcraft m bang followed by 
another arcraft ,n the approach sequence, a 360” 
turn may not he dearable, because ,t may return the 
c~relmg mreraft to the final-approach path with m- 
suffimenl separatmn from the other traffic In such 
cases, ,t ,s usually better to remove the overtak,ng 
a,rcraft from the approach sequence and to feed ,t 
back ,nto the first avallable gap in the IandIng 
Sequence 

Slmulatmn tests of &w--stack systems ,nd,cate 
that to avoId unnecessary co-ordmatmn, campheatmn, 
and mrlsdlctwnal confusmn It ,s deslrsble that all 
path-&retchmg operat& be conducted m the control 
sector ot the controller who ,a d,rect,ng the maneuver 
For example. ,f It ,s necessary for the west-sector 
controller to dwect one of h,s w-craft “to an S-turn 
off the final approach, ,t ,s dean-able that the turn be 
made toward the west sector rather than toward the 
east-sector traffifie 

Orbltmg Teehmque 
As shown m Fig 23, the use of concentr,c spacmg 

hnes on the radar scope makes pwslble B very ample 
techmque for obtammg accurate spacmg of axcraft 
at the approach gate For path adlustment, the second 
ancraft 1s turned on B course wh,eh 1s essentmlly 
tangentml to the approach gate Th,s orbltmg tech- 
nwue keeps the aweraft at an almost constant distance 
from the approach gate wh,le the flrst amcraft 1s 
proceed”3 toward the gate on Anal approach The 
moment sufllment separatmn emsts between the two 
mrcraft. the second one ,s headed dmectly toward the 
turn-on pomt of the Anal-approach course W,th B 
relat,vely small amount of praetxe ,n us,ng th,s 
method, controllers can space aweraft precisely on the 
final-approach course 

Interceptvan of Wnal-Approach Course 
It ,s ,mportant that each amcraft become ahgned 

on the heal-approach course before It crosses the ap- 

g 
roach gate As shown m F,g 24, the radar trawl may 
e proJected ahead to determme whether B speaflc 

headmg wll enable the amcraft to Intercept the course 
at the deemed locabon 
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> 

Fig 22 Use of S-Turn for Path-Stretchmg Operatmns 

, 
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Rg 24 Use of Projected Radar Trads 

Arcraft fly a curved course m mskmg a transl- 
t,on from one headmg to another In guldmg an au- 
craft Into a dared track, the radar controller must 
make allowance for the rad,us of the requwed turn 
As mdlcated ,n Fig 26. the amount of this allowance 
or lead depends on the amount of angular change 
reqmred It 1s also affected by the ax speed, the rule 
of turn, and the wmd All these effects decrease as 
the angle of mterceptmn 1s reduced For this zeason, 
,t becomes relatively easy to turn en laxraft precw=ly 
on B final-approach course when the angle of 
,nterceptmn 1s low 

In veetarmg an aweraft toward a localmer course 
for a subsequent ILS approach by the pllat, It usually 
IS not necessary for the controller to ahgn the aweraft 
on the locahzer course If the mterceptmn angle IS not 
greater than 20,~ Sunulatmn tests mdwate that It 15 
desmable m handhng this procedure to utdxze the 
capltahzed phraseology of the followmg example 

(Identn%atmn) TURN left, HEADING eero-two- 
zero, 
YOUR POSITION. two m,les southwest of outer 
marker, 
TAKE OVER FOR ILS APPROACH, 
TRAFFIC four mdes AHEAD 

Mlssed-Aooroach Procedures __ 
A m,ssed approach can be an awkward, If not a 

er,t,cal, traffic problem when radar procedures are not 
used However. snnulatmn tests show that a mussed 
spproseh beeo&s a very nunor problem when ade- 
quate radar coverage 18 wallable Usually the amcraft 
,s ,mmed,ately returned t., the Jur,sd,ctmn of the 
ai-rwal controller and 1s taken back to a safe mane”“- 
enng altitude whleh. ,n mast cases, ~111 be the mm,- 
mum untml-approach altitude If the pdot desmes to 
try another approach, the aweraft 1s fed back Into 
the first available gap in the landmg sequence and 1s 
snnply handled as another arrwmg arcraft 

Departure Control 
The functmn of termma,-area departure control 

,8 to ass,gn and to momtor fl,ght paths whleh wll 
allow outbound amcraft to depart ,n an orderly, efi- 

elent sequence anth proper separation between them 
and on patha which wll enable each one to contmue 
into the ARTC area m accordance vnth specific ARTC 

Fig 26 Effect of Angular Change of Headmg B 
on Amount of Lead (L) Required 
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clearance mstructmns Departure traffic usually has 
d,vergmg, rather than convergmg, flow characterlstxs 
For this reason, ,t generally produces less of a control 
problem than arrwal traffic Therefore, It 1s often 
poss,ble for a angle departure controller to momtor 
safe,y the paths of as many as SIX a,rcraft 
s,multaneously 

Sunulatmn tests mdlcate that one of the most 
unportant ads to mereaaed departure flow IS the estab- 
hshment ,n the termmal area of specific departure 
routes completely mdependent of the arr,val routes 
W,th such a system as shown ,n F,g 26. co-ordmatmn 
between arrival and departure controllers IS completely 
elnmnated The only termmal-area restr,ct,ons to de- 
parture flow are the take-off ,estr,ctmns unposed by 
land,ng traffic at the arport ,tself These restrlctlons 
may be further retluced through the use of multwle 
runways laid out as shown ,n Rg 27 

Prmr to an an-craft take-off on IFR fl,ght plan, 
an ARTC traffic clearance ,s relayed to the p,lot At 
locatmns where drect ARTC ax/ground commumca- 
tons wll be ava,lable after the mrcraft ,s axborne. 
the uutxal ARTC clearance need mclude only a clear- 
ance llmlt and an ass,gned altitude In most cases. the 
clearance lnmt IS a radm fix located near the boundary 
of the termmal area Occasmnally, to msure that the 
an-craft w,ll be able to reach the ass,gned altitude 
before ,t passes out of radar coverage, ,t may be 
necessary far the termmal-area departure controller 
to dxect the pdot to make a 3~50~ chmbmg turn As 
soon as the departmg areraft reports at the ass,gned 
altitude and ,s observed to be on course and clear of 
all other termmal-uea traffic. control of the axeraft 
IS transferred to ARTC As soon as ARTC estabhshes 
eommun~eatmx wth the an-craft. the remamder of 
the ar-route clearance ,s ,ssued to the p,lot 

F,g 21 Multiple-Runway Operatmns 
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Because of the modern trend toward single- 
dlreetmn an-ports, canslderable snnulatmn work has 
been devoted to the problem of securmg maxmmm 
utlllzatmn from a smgle runway used for both arrival 
and departure aperatmns One of the first questmns 
was whether It was more eiiiclent to run traffic in 
groups of successwe arrwals and successwe departures 
or to mix the two types of traffic wth alternate 
arrwals and departures As shown m Fig 28, a 
higher utlhzatmn 1s possible when take-offs and land- 
lngs are alternated This procedure has several other 
operatmnal advantages 

1 A good arpor&utlhzatmn rate can be achieved 
even though the arrwal system may have a relatwely 
low acceptance rate, since the Interval between 
successwe approaches 1s utxllzed for departure 
oDe*atmns 

anx&y regardmg the mamtenance of adequate radar 
separatran between arcraft on the final approach 

3 Smee the separatron between successwe de- 
partures IS seldom less than .ax mdes, the departure 
radar controller has plenty of tune m which to estab- 
hsh radar ldentlfieatwn and radm commun~catmn \mth 
each departure before the next one 1s arborne This 
procedure 1s known as the “sandwch system,” smee 
mdlvldual departures are sandwwhed between succes- 
swe arnvals The procedure operates m the followmg manner 

a When departures are rmmment, arrwals are 
dehberately spaced a distance of about SIX miles 
apart at the approach gate More separatmn IS 
used If brskmg candltmns are bad or If the 
runway 1s not equipped with high-speed turn-offs 

2 Because the desired separatmn between sue- b If an arrival 1s wthm two miles of the am- 
cesslve arrwals 1s seldom less than 8~ nnles, the part, the departure 1s held m run-up pasltion 200 
arrival controller works under very httle stram or feet off the actwe runway 

Fig 28 Smgle-Runway Opsntlons 
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e As soon es the arrwal passes the t&e-off 
posltmn, the departure ,s cleared ,“to take-off 
cms,tmn on the runway 

d The departure, ready for take-off, pulls Into 
take-off pos,t,o” wh,,e the arr,vel 1s decelerstmg 
on the ~““WBY 

e As soon as the arrwal ,s clear of the runway, 
the departure 1s cleared for ,mmed,ate take-off. 
prowded that the next arrwal ,s st,ll more than 
two m,les from the export and that adequate 
lateral separatm” w,,l ev,st I” the event of a 
m,ssed aomoach ._ 

f In the rare cases where the prov,sm”s of 
Item e cannot be met. the departure ,s taxled 
hack off the runway to make room for the arr,v,“g 
s,rcraft 
When the runway 1s equpped wth e h,gh-speed 

entrance, es shown I” F,g 6D, the departure may be 
held 200 feet clear of the r”“wey untd the first ar- 
rwal IS off the runwev If the “rov,s,o”s of Item e 
can he met, the dep&ure IS ~cl-eared for ,mmed,ate 
take-off The take-off roll can be started from the 
run-up pos,t,o” Th,s procedure saves at least one 
radm contact per departure end avo,ds the “ecesslty 
of ever havmg to tax, the departure off the runwe, 
because of msuffiwsnt separatm” from the next arrwal 

1ntegratmn of Jet Operatmns 
A great amount of s,mulat,o” work has bee” de- 

voted to the problem of Integrating the operatmn of 
,et amcraft ,“to the ew traffic control system Although 
several bas,c pr,nc,ples have been learned, much work 
has yet to be done o” th,s subject 

The development of the gee turb,“e has made 
possible much h,gher power and hence h,gher speed for 
modern aweraft Unfortunately, th,s performance ,s 
obta,ned wth e very h,gh fuel consumptmn Th,s 
character,st,c places e cr,t,cal ,mporta”ce on the t,me 
factor wh,ch dommates every Aspect of present ,et 
operatmns 

A ,et awcraft requres httle we=,“-up tune, but 
during ground operatmns ,t burns about five txmes as 
much fuel per mmute es e” eqwalent p,ston-engme 
amcraft does For th,s reason, ,t IS desrable that 
departure cleerances be ava,lable before. or ,mmed,- 
ately after, the t,me the urcreft leaves the parkmg 
rarn~ The ~rov,s,o” of h,eh-soeed tax, strms ana 
unr&tr,cted -runwey entra&s . becomes e&i ~more 
valuable when ,et aweraft ere concerned 

Because of the,r generally h,gh w,“g load,nge end 
character,st,eslly low propulswe ehic,enc,es et low 
speeds, Jet aweraft usually requme e long runway 
drstanee for take-off In many ceees th,s requ,reme”t 
may hn,t the take-off dIrectlo” to the longest ~U”WBY 
avmlable Surface temperature has a cr,t,cal effect on 
the distance ,equ,red for take-off H,gh temperatures 
greatly mcrease the length of the take-off run, ee well 
as the amount of fuel resumed for th,s operatmn 
After acceleratmg to cl,mb,“g speed, Jet amcraft us”- 
ally chmb et forward speeds and chmbmg rates h,gher 
than those of p,ston-engme areraft 

The most ““portant en route charaeter,st,c of let 
urcraft ,e that, for effic,ent operatmn, they must be 
flow” et then optmmm sltltudes, wh,ch are much 
h,gher the” those of p,sto”-enane amcraft For ex- 
ample, a typ,cal ,et a,reraft has e me~,mum range of 
1890 m,,es at 30,000 feet Th,e range drops to 1080 
miles ,f the mrcraft must cru,se et 10,000 feet If 
held to “ear sea-level altitudes, the range wth the 
sane load of fuel ,s reduced to 820 miles Thus. to 
avmd sermusly decreasmg the range of Jet arcraft, 
,t becomes important that the e,r traffic control system 
be able to pernnt unrestrwted chmbs to optmum 
alt,tudes Th,s requrement emphasmes the importance 
of promdmg mult,lane departure routes for congested 
term,“al awee It appears that the use of surve,llance 
radar end the further ,mplementat,on of TVOlt 
fac,l,t,es w,l, do much toward solwng th,s pert of the 
problem 

The opt,mum altitude of a Jet mrcraft gradually 
mereases as the we,ght progresewely decreases because 
of the consumptmn of fuel dur,“g A,ght For maaunum 
range, the optmmm jet fl,ght plan does not ut,l,ze a 
constant cru,e,ng alt,tude Instead ,t ,s made up of a 
fast clnnb to optmmm altitude. a gradual erusmg 
chmb as the optnnum altitude ,ncreaees, end a fast 
descent to the dest,“et,on If followed, the crms,“g- 
chmb procedure would l,m,t the use of alt,tude separa- 
t,on between jet axraft durmg cru,s,“g fllght Thus 
some form of lateral separat,o”, through use of 
mult,ple navlgatmnal tracks or of en route radar 
suruedlance. would be deslrsble for opefat,o,x of th,e 
nature 

Present regulatmns requre that a,rcraft depart- 
,“g on IFR Alght plans carry enough fuel to proceed 
to the destmatmn. thence to the alternate arport. 
plus 45 “nnutes reserve The reserve fuel reqmrement 
ese”mee cnt~cal m,portance m Jet operatmns because 
reserve-fuel we,ghts for a Jet are always large com- 
pared to the we,ght of the arcraft ,tself They ere 
extremely large compared to the we,ghte of reserve 
fuel fo, meton-enmne excraft 

O&g to r”e;eased fuel co”sumpt,o” by Jet er- 
craft et low alt,tudes, ,t was formerly eonsldered 
essentml that all holdmg of such arcraft be eccom- 
ohshed et en alt,tude of 20.000 feet or above and that 
they be ,ssued ,rrevoeab,e~la”d,“g-sequence numbers 
before leavmg that alt,tude Actual expemence w,th 
later types of jets ,“d,cates that hold,“g et lower levels 
1s permms,ble for moderate lengths of tm,e However, 
the potentml dwersm” range 1s sermusly reduced es 
alt,tude IS lost It appeals that the me,” penalty I” 
low-elt,tude hold,ng 1s not the add,tmnal fuel consump- 
tmn dur,“g the hold,“g operatmn but the reductum ,n 
ava,lab,e dwers,a” range should the weather drop 
below landing m,“,me before the approach 1s 
completed ID 

Recent Br,t,sh experience I” the operatmn of let 
transports ,nd,cates that m many cases ,t will be 
poss,ble to handle such axcraft I” the normal holdmg 
sequence wth p,ston-engme a,rcraft However, ,et 
a-craft can descend et retes much greater than those 
now customary for p&on-engme a,rcraft Th,s charac- 
ter,st,c co”stlt”tes a very mportant am tranic control 
advantage wh,ch can be fully exploIted only If lets 
ere fed ,nto the approach system from e” Independent 
feed,“g system Whether or not th,s factor offers 
enough gems I” safety end efficiency to ]ust,fy the 
add,t,o”al fae,l,t,es and au space requred for ,ts 
,mplementatmn 1s en unportant subject for future 
slmulatlo” 

Most of the Jet errcrsft handled in TDEC slmula- 
t,on runs were assumed to be tactud types w,th 
average descent rates of 9.000 feet per mmute end 
descent speeds of 300 mph, slowmg to 130 mph for 
the lest ten m,les of the approach The great difference 
between the speeds of such amcraft and the speeds of 
other a,rcraft I” the approach system haa gwe” co-,- 
trollers e difficult problem I” estebhshmg radar separ- 
atm” o” the Anal approsch As e result. controllere 
eo”s,stently allowed far too much separatwn when 
such amcraft were concerned The b,ggest ““prove- 
ment m the reductmn ,n approach intervals and 
consequently 1” amcraft delay came when the eepara- 
tm” table, es show” I” Wg 18, wes extended to Include 
seq”ences l”volv,“g let aueraft 

Completed s,mu,at,o” tests show that ,et alrerait 
can be ,“begrated ,“to an ap roach sequence wth more 
safety, lees controller work aad. end lees delay for all P 
mrcrsft concerned ,f the holdmg patterns for other 
a,rcrnft ere ofPset from the final-approsch course If 
other arcrsft ere held o” the final-approach co”rse. 
,et arcraft ere faced wth e much longer descent 

‘DCaptam A M A Malend,, “C,v,l Jet Opere- 
tmns,” Journal of the Royal Aeronaut,eal Society. Vol 
67. No 613, p 639, September 1963 
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path end w,th a long drag-m et low alt,tude ,n order 
to tunnel under the holdmg stack For th,s reeson, 
offset stacks are preferable for any approach system 
wh,ch ~111 have to accommodate jet tratlie 

Jet mterceptors character,st,cally produce poor 
radar targets because of them sleek configurat,on and 
them ldek of rotatmg propellers It has been estnnated 
that a typxal jet fighter has about one-sixth the re- 
flectmg area of the F-51 p,ston-engme fighter IL These 
factors make the use of radar safety beacons especmlly 
dearable for termmal-area traffic control operat,o”s 
when let mrcraft ere concerned Because of theu lack 
of drag-produemg propellers, let amcraft normally de- 
celerate slowly from them rather h,gh landmg speeds 
Thus landmg dmtances end runway-occupancy tnnes 
are hkely to be h,gh for Jet arcraft Here, age,n, the 
prov,s,on of suitably placed, high-speed runway ex,ts 
IS expected to greatly nnprove the s,tuat,o” 

It 1s qute possible that w,thm a few years over-a,, 
nnprovements m areraft and engme des,gn w,ll re- 
heve some of the more cr,t,eal l,m,tat,ons wh,ch are 
eharacter,st,c of present jet operatmns Meanwhile, 
en ,mportant objectwe of the s,mulat,on program ,s 
to develop a traffic control system that wll be able 
to accommodate ,ncreas,ng numbers of Jet amcraft 
m orderly, democratic sequence, wthout the need of 
pnor,t,es or of specml prwleges for any specific type 
of arcraft, Jet or otherwse 

Multltrack Approach System 
Some of the most advanced s,mulat,on work com- 

pleted to date was ,n connectlo” wth the development 
of the mult,track approsch system Th,s system com- 
b,ned a number of new Ideas 1” the operation oi 
fl,ght-path computers. p,ctor,al computers, automat,e 
data transfer. end s,mpl,fied redlo commun,cat,ons It 
also prov,ded e smooth, eff,c,ent method of 
co-ordmetmg jet traffic w,th conventlone amcraft m 
the termmel erea 

The mult,track approach system, dlustrated ,n 
F,g 29, wee e twn-stack layout wh,eh fed e smgle 
approach lane from two close-m holdmg fixes A num- 
ber oi standardmed, predetermmed, approach tracks 
of var,ous lengths were prowded between each hold,“g 
fix end the outer marker That port,on of the termmel 
area en route to and melud,ng the holdmg patterns 
wes operated as B fixed-block system The port,on 
between the holdmg markers end the export operated 
es a mowng-block system Separation between awxaft 
on final approach wes prov,ded by a computing dev,ee 
wb,eh computed gate t,mes et the outer marker end 
selected the approach track for each areraft to enable 
It to arrwe over the approach gate wth the desned sep- 
arat,on from other an-craft Thus. each amcraft had a 
guaranteed gate txne at the outer marker before ,t 
left the holdmg fix The relatwely short end ample 
approach tracks made ,t poss,ble for axcraft to 
ach,eve th,s gate time wthm e small tolerance S,nce 
the amount of tolerance ,“creased the sue of the 
a,rspace block which was ass,gned to each amcraft o” 
the final approach, ,t wes essentml that these toler- 
ances be kept small ,n order to mamtem short approach 
mtervals and a h,gh acceptance rate 

Because of the fact that detaded traffic samples 
had already been establ,shed for the Washmgton ter- 
mmal area, ,t was deelded to use th,s eree for the 
s,mulat,on tests I” the ,n,t,al layout, four holdmg 
fixes were estsbhshed Because these fixes were et 
cons,derable dlstanees from the outer marker. amcraft 
normally departed these pomts et cru,s,ng speed end 
gradually decelerated to approach speed en route to 
the marker Th,s procedure mtroduced conaderable 
error m computed gate t,mes because of the ,neb,l,ty 
of the pdots to adhere to a standard deceleration 
program wh,le flying through the approach patterns 
In add,t,on, several potentmlly dangerous traffic con- 
fl,cts were caused by fast areraft overtakmg slower 
arcraft 1” the outer convergmg ereas of the patterns 

To ehmmate these d,sadvantages, ,t wee deaded 
to reduce the number of holdmg fixes to two and to re- 
duce track lengths by estabhshmg these fixes relatwely 
close to the outer marker P,lote were mstrueted to 
leave the holdmg Bxes at approach speed Th,s proced- 
ure elmnnated computatmn eri-oi-s due to deceleration 
problems However, tests showed that computed gate 
t,mes often were ,n error, part,cularly when the longer 
tracks were asswned 

In order to reduce the magmtude of these errors 
wh,ch were caused by shght varmtlons m the approach 
speeds of the ~ermus areraft. ,t was decoded to el,m,- 
“ate es many of the longer tracks as poss,ble end to 
retam only enough of the shorter tracks to mewe con- 
t,“uous smooth operat,on of the approach system It 
was found that the total range of track lengths (from 
the shortest to the longest) need not exceed the d,s- 
tence traveled by the fastest amcraft usmg the system 
wh,le flymg e 360’ holdmg pattern et the outer fix 
Smce B 360” turn normally takes two mmutes and 
smce the fastest arcraft usmg th,s system had en 
approach speed of 150 mph (2% miles per mmute). the 
total range of track lengths needed wee 5 m,les 

\lC\/ Th,s range of track lengths would permrt e p,Iot 
who lust nussed bemg able to take the longest track 
to make e 360” turn et the holdmg fix and to p,ck up 
e shorter track when ege,” wer the Ax w,thout causing 
any bleak m the approach sequence W,th a m,“,mun, 
track of 6 m,les end e range of 6 i-ales, the Iongesl 
approach track requwed for th,s system wes only 11 
mdes lone Theoret,callv. meater o”eratlonal flex,- 
b,l,ty roul; be attmned 1f-a I&ge number of euccesswe 
tracks were estabhshed 1” the range between the 
longest end shortest tracks However, to avold possible 
confusIon ,n followmg e selected track on the dlsplsy, 
,t was deaded to use only e smell number of tracks, 
wdely spaced for easy reference To cover the re- 
qu,red range osmg 2-m& mcrements between tracks. 
the system was set up wth track lengths of 6, 3, 10, 
end 12 mdes 

~**uoYs nn,,*. 

Wg 29 Mult,track Approach System 
~- 
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In order to mtegrate the operatlon of let a,rcraft 
m the approach system. a Jet letdown path wes added 
The eonfigurat,on of th,s path wee based o” the 
f0ll0wl*g tentat,ve requmements 

1 Jets would cross the approach fix at 20,000 
feet end would descend et en aversge rate of 
appron,mately 3,000 feet per lmnute 

2 Descent would be made et an md,eated a,r 
speed of 300 mph, slowmg to 180 mph for the last 
stage of the approach 

3 Turns would be made et one-half standard rate, 
or 1% = “et second 

4 The strmght-m Ansl-approach path would be 
at least 16 rmles lone 

An add,t,onal rnd,o fix wes established on the 
locahzer couree 12 m,les from the outer marker to 
prowde the followmg 

1 An a,d to jet p,lots ,n ,ntercept,ng the 
final-approach courw 

2 A check pant for radar ,dent,iicat,on of let 
mrcraft 

3 A close-m check pomt for obtammg add,t,onnl 
aeeuraey I” eomput,ng gate tmles of let arcraft 

‘Ehe method of mtegratmg let and p,ston-engme 
arcrsft worked sat,sfactor,ly 88 long es the proportm” 
of let arcraft I” the system remamed smell Isolated 
Jet a,reraft could be fed mto the approach system wth 
mmmum mterruptm” I” the regular land,ng sequence 
of p,ston-enpne axcraft However smce there wes 
only one trsck wedable for let arcraft, t,,“e separa- 
tmn had to be used between successwe jet approaches 
In most ewes ,t wes possible to eandwch one or two 
piston-engme approaches between the let approaches, 
so that very httle time was lost from th,s lack of 
Aex,b,l,ty I” the system However, th,s l,m,tat,on could 
become ser,ous ,f e h,gher ptOpOrtlQn of let areraft 
had to be accommodeted 

As a result, the layout has recently been changed 
to a tnple-stack system usmg e seperete holdmg fix 
for jet mrcraft Jets leave th,s fix et about 8,000 feet 
for approaches on one of four avadable tracks selected 
by the computer Tests ,nd,cate that th,s leyout IS able 

to mtegrate jet-and piston-engme amcraft I” any 
dewed landmg order 

In the ,mtml tests of the mult,track approach 
system, e specml 10.Inch c,rcular shde rule known es 
a track selector wes used to select tracks and to com- 
pute gate t,mes A funct,onal dmgram of th,s device 
IS shown I” F,g 30 The c,rcular sllds rule, wh,le 
s,mple end cheap, had the d,sadva”tage of requ,r,“g 
several seconds to select an approach track Because 
the pr,nc,ples of the mult,traek system show such 
promse as a future a,d to traffic control. en electron,c 
d,g,tal computer has been budt for th,s operat,o” The 
d,g,tal computer offers these advantages 

1 It perm,ts extremely fsst push-button 
0per*t,0* 

2 It can compensate for ver,ous wmd cond,t,ona 
3 It should provide a means of eouplmg the 

computer fun&on w,th the automat,e data-transfer 
system by automat,cally d,splay,ng track-number and 
gate-t,me data on the fl,ght-date board 

4 Because the landqg sequence ,s actually based 
on the chronologwal sequence of computed gate t,mes 
of successwe amcraft, the coupl,ng funct,on of the 
computer can transfe, flvght data m proper order fro”, 
mult,ple-approach control displays to e smgle PAR 
d,splay 

In the ,n,tml tests of the mult,track approach 
swtem, It was assumed that all mrcraft were eqwpped 
wth some type of p,Ltor,al d,splay to ,nd,cate to the 
p,lot the actual poutlo” of the a,rcraft When ,t wes 
slso assumed that the map on each p,ctorml d,splay 
showed the vermus demgnated approach tracks, eom- 
mun,cat,ons were reduced to e m,n,m~m smce p,,ote 
could niwgate them own way around the ass,gned 
approach tracks 

Actually, the operat,on of e mult,track approach 
system does not necessar,ly reqwre p,ctor,al d,splays 
,n the a,rcraft, s,nce the approach tracks would also 
be shown on the radar overlay In handlmg ancraft 
not equpped w,th a plctorml d,splay, the controller 
uses the computer to select the most efic,ent track 
end then gwdes the areraft around the selected tree!, 
by means of radar-vectonng ,nstruct,o”s 

F,g 30 Functmnal Dmgram of Track Selector 



29 

In the normal operatmn of this system most de- 
e,s,ons are made by the computer, and the controller 
funct,ons ma,“lv as a mo”,tor to ,“sure that mlots 
are staymg on them ass,gned tracks and that ad&ate 
separatmn ,s bang ma,nta,“ed between all mrcraft 
The controller stands ready to overr,de the system at 
any t,me that a” emergency occurs or that ,t becomes 
apparent that one arcraft ,s approaching too close 
to a preced,ng axcraft I” th,s conneetmn, ,t ,s mler- 
est,ng to “ate that the present layout prowdes two 
ample m,ssed-approach paths to take care of th,s 
eontmgency S,nce the lowest alt,tude used by hold,ng 
areraft at the two holdmg fixes ,s 2,500 feet and the 
final-approach alt,tude over the outer marker ,s 1,500 
feet ,t ,s pawble for a controller to turn an a,rcraft 
back to &her of the hold,“g fixes at 1,500 feet ,f 
,t becomes apparent that the a,rcraft does not 
have safe sepsratmn beh,nd the one ahead In such a 
case, the arcraft can usually be gwen a new track 
ass,g”ment as soon as ,t reaches the hold,ng fix 

CONCLUSIONS 
1 The development of s,mulat,on teehmques of- 

fers an opportumty to place the plann,ng of au 
“awgatm” and traffic control faelht,es a” a sc,ent,fic 
baas Through systemat,c research, the s,m”lat,o” 
program has enabled many of the general pr,nc,ples 
wh,ch govern a,r traffic flow to be determmed Some 
of these prmc,ples have a” munedmte apphcatmn to- 
ward ,“creasmg the capaelty of termmal-area traffic 
systems W,th snnulatm”. detaled measurements of 
traffic flow ,n spec,fic systems can qwckly and eas,l> 
be deternnned Many of these measurements would be 
lmposs,ble to obtam by any other means They form 
a” eqmtable, vahd method of compar,“g one traffic 
system agamst another Thus, snnulatm” makes pos- 
able the rapld development of optmmm arrangements 
of facllltles for a spec,fic area or purpose 

2 The dynam,e simulator was not ongmally de- 
s,gned or mtended for use as a tra,“,“g dence How- 
ever. because of ,ts reahsm and ,ts ah,l,ty to present 
a controlled traffic Input w,th “o r,sk to actual arcraft, 
,t has proved to be a” extremely effectwe dewce for 
tra,n,“g control personnel ,n the appbcatmn of rada, 
control procedures ,n termmal-area traffic operatmns 

3 S,mulat,on tests ,nd,cate that the type of 
terrunal-area control system wrth the h,ghest eapac,ty 
per controller would be a system ,n wh,ch ,nbound 
p,lots could nav,gnte them way to the hold,ng fixes 
unass,sted and could complete then approaches un- 
sss,sted after bang turned on to the final-approach 
course In th,s type of system, radar would be used to 
estabhsh and ma,“ta,” separatmn between a,rcrafr 
en route from the hold,“g fixes to the approach gate 
Outbound pIlots could “nvlgate then- own co”,-ses to 
the te,m,nal-area boundary, radar would be used to 
prowde separatm” between outbound arcraft untd 
such areraft were establIshed on course w,th ANC 
separat,an fro,,, all others The ph,losophy hehmd th,s 
system places on the p&t a maxwnnm of respanslb,l,ty 
for the actual “awgatmn of the arcraft It enables 
control personnel to concentrate them efforts an the 
estabhshment and mmntenance of radar separatmn 
between arcraft ,n those portmns of the termmal 
area where ,t ,s fu”ct,onally more effic,ent to use 
radar separatmn ,“stead of standard ANC separatmn 

4 The provwon of an-port unprovements as de- 
talled ,n th,s report offers a relat,vely cheap methoa 
of prov,d,ng ga,“s ,n mrport eapaclty that could other- 
w,se he attaned only by the co”struct,o” of “eu 
runways at much h,gher cast 

5 Tests ,ndlcate that the need for separate Iden- 
t,ficat,on codes for amborne transponders may not be 
nnportant for term,“&area traffic control operatmns. 
because ,t ,s poss,ble to des,gn h,gh-capacity control 
systems which “eve, requ,re a controller to keep track 

of the ,dentlty of more than three axcraft s,multa- 
“eously I” such a system, ,t appears that a s,mple 
bloomer code wh,ch could be d,splayed on request 
would he suffic,e”t for all oract,eal ~“r~loses . . 

6 The ,naugurat,on of ,et IFR operatmns pre- 
sents few fundamentally new traffic control problems 
However, the crrt,cal ,mpartance of the t,me fartor 
,n let ooeratmns “laces a far ereater emohas,s on the 
n&d fir un,nter&pted chmb‘ and descent patns as 
well as on the need for m,“,m,zmg traffic delays both 
,” A,ght and on the ground It appears that several 
of the procedures developed ,n co”neet,on w,th the 
s,mu,at,on program wll ass,& ,” solvmg these prob- 
lems, not only for ,et amcraft but for other arcraft 
as well 

7 The work completed to date ,,,d,cates that new 
approaches to the en route traffic control problems 
are reqmred It IS necessary to canmder I” closer 
d&a,, how the arrangement ,” sequence of alreraft 
en mote affects the termmal-area rrroblems 

RECOMMENDATIONS 
1 Many of the ,mprovements ,” mrporta or ,n 

fac,btv layouts whrch have been developed ,n ca”nec- 
tm” wth the s,mulatmn program have an ,mmedlate 
appheatm toward mcreasmg traffic eapac,ty It IS 
recommended that these features be studled carefully 
by groups respans,ble for a,rport plan”,ng and amway 
operatmns to determnx wh,ch features can be ut,l,zed 
,,nmed,ately to ,ncrease the capac,ty of ex,st,ng or 
proposed termmal-area fae,l,t,es 

2 In the past, radar tra,n,“g programs for control 
personnel have eons,sted ma,“ly of radar-ahgnment 
procedures as well as of methods for conductmg PPI 
and PAR approaches L,ttle emphas,s has been placed 
on the most ,mportant apphcat,on of termmal-area 
radar, ,ts use ,n the proper spaelng of aircraft ,n 
h,gh-de”s,ty approsch and departure patterns There- 
fore, ,t 1s recommended that radar trs,“,“g programs 
be augmented to ,nsure that all radar control personnel 
learn the most effect,ve methods of applymg radar 
I,, the actual control of a,r traffic S,mulatmn, both 
graph,e and dynam,c, would be a valuable a,d ,n the 
conduct of such tra,n,ng The estabhshment of a 
d>~nam,e smmlator for exclus,ve use as a tra,n,ng de- 
wee IS recommended as a prom,s,“g means of ra,s,“g 
the performance level of radar control personnel The 
explanatory materml m this report may also be ut,l,zed 
,n a tra,n,“g manual for th,s purpose Such tra,n,“g 
shculd prov,de a” opportu”,ty for control personnel 
to take advantage of the many pnnc~ples wh,ch have 
bee” learned dunng the conduct of thousands of 
termmal-area operatmns I” the s,mulat,on program 

3 S,mulatmn tests ,“d,cate that the most funda- 
mental requ,rement for radar traffic control IS a 
pas,t,ve, dependable radar dmplay WIthout ,t, the 
acceptance rate w,,, suffer and the controller work 
load per a,rcraft xv,,, be h,gh Therefore, ,t IS recom- 
mended that full emphaas be gwe” to the development 
and procurement of radar eqmpment capable of g,vmg 
s&d, dependable coverage of amcraft ,” the terminal- 
area traffic patterns, particularly dunng bad weather 
when the d,splay 1s most needed It ,s recommended 
that the spee,ficat,ons for axport surve,llance radar 
be re-exammed wth regard to the actual character- 
,st,cs requred to meet the operatmnal requirements 
,n use and those proposed for the near future 

4 To take full advantage of the pr,nc,ples wh,ch 
have been d,scovered for ,ncreas,ng the traffic-handlmg 
rapaaty of termmal areas, ,t wll be necessary 1” many 
cases to modify the ad,acent mr-route navwat,an and 
traffic control system to make ,t capable of handlmg 
the mcreased capaclty of the termmal areas It 19 
therefore recmnmended that the fac,l,t,es of the s,m”- 
,at,on program be extended m order to study methods 
of ,mprav,“g the operahan of a,r route traffic control 


