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(me of the earliest legends of Aying is the Greek myth of Daedalus
and Iearus, learus, thrilled Lo diseover he could {1y, soared too close
to the sun, and when hiz wing tips melted (ook an ill-fated plunge

Avtomated intw the sea. To make & connection with present day flight, one would
- enly need (o replace Tearos with the millions of aircraft popolating
Air Troffic Control: 5. v cies in 1971 Yet the problem is still basically the same:

nUEnulEm to keep from hurning up and crashing inlo the sea, or the land—
or all the other airborne vehicles, The latter condition, that of
crashing into the growing multitude of aireraft, is a relutively new
problem perplexing the air traffic controller, and is the subject of

this and the follewing Lwo companion papers. ,

For several vears, the Federsl Aviation Administration has devoled
priority attention to the selution of the traffle eontreller’s profilems in
high-density airport terminal areas. Since the mid-sixties, when the FAA
first installed an sutomated radar terminsl system (ARTE) at Atlania
(19543 and Kennedy (1968) airports, the teaffic contecller has been the
main focus of attentlon. Even today, with the [nstallation of the mare
pivaneed ARTS IIT either planned or wnderway in 62 majer 1. 5. air

- terminals, the controller bears the wliimate responaibility for Lhe safe
delivery of passengers and crew (rom the moment they enter the ajverafs
until they step onto destination aoil,

Developed by Sperry Rand's Univae Division for the FAA, ARTS 111
is & modularly expandable, radar-contrelled, beacon-tracking system which
satisfies the essential goal of air Leaffic system designers: it monilors—
and hag the potential eapability of tracking—all sireraft fying within
ita radar range, Tn cssence, ARTS “gees™ all aireraft within a 56-mile
radius of the terminnd, and displaye the tracks of all beacon-equipped
aircraft. The information displayed for the conteoller includes idemtifien-
tion, altitude, ground speed, ete, {ste detuiled article “Automated Ade
Traflic Contral: Today™1.

As prime contractor for ARTS 111, Univae iz providing over-all systems
management and eoordination, hardware, operational and nonoperational
computer programming, faclory system tests, installation and checkout,
initial maintenance and tralning serviees, and system documentation.

By the middle of 1973, a total of &4 systems will have been installed in

the L. 8., locluding the basic 62 as well ns ene at the FAA Academy in

Oklaboma City for training, and ane at the National Aviation Facilities

Experimental Center in Allantic Clty for use by FAMA enginesrs in develop-

ing still mare sdvaneed ARTS concepts and systems. By 1820, it iz antici-

pated that 200 of the most advanced ferminal autemation systems will be i

in operalion, thersby enabling the traffic contraller to keep paec with ]

the expected increase in glebal mir Lealfic (see article “Aotemated Adr |
i
|

T

Traflic Contral: Tomoerrows' ).

Air Traffic Control—from Signals to Symbols

Sinee the fivat pilots of the 20th century had enly themselves to werey
about in the antraveled sky, they had little need Cor scphisticated air
traffic control systems. In fact, the modern traffic controller is & far ery r
from his earliesl ancestor, the signalmun, whe in the decade hefore 120
merely waved alternate green and red flags to give pilots clearance for
tuke-oll and landing, [}

By 1080, the first audie lools appeared—vaoice radio, radie novigation,
and instrument flight—complementing the visual aspect of air traffic
control, Cleveland Munieipal Airport became the first to install a radio-
cpuipped contee] tewer and before the 1930-40 decade ended, 86 more
cities had radic-equipped pirport traffe control. During this same periad
ihe firat radio-navigation systert, called the Four Course Range, began
aperating in the low freguency 200-400 kiloherts range

With the development of radar during World War I, the air traflic
controller had the advantage of visualle displayed position information.
This hreakthrough enabled the centroller fo transmil ssparation informa-
tion to the nirborne pilots and thus keep aireraft at safe distances. As the
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Route of WU.S. Air Mall Service: 1924

Sperry searchlight beacona were needed for
flying the moil acress country. . . . s com-
marcial oviction developed in the twenties
and the need 1o pr:tfl:l:l: n.igl:ﬁ ﬂlring' in-
crecged, the morkel for Sperry beacons ot
mirports and on air routea expanded, Spemry
beacons guided the early mail pilots as they
made dangercue lights aleng the "nighl air-
way," In 1924 five Sperry beacons ond
landing lights wrere used on the Chicogo-
Cheyenne leg of the first Chicogo-to-coost
airmail service; other roules were soon
utllizlng Sperry beocona,

Froes Flmer Sperry—Iaoventor and Fngineer, by Thamos
Parke Hughes, The Juhas Hopking Preas.

EAnN
FRARCISIO

number of pircrnfl on the rudar display inereased, the problem of identi-
fying spevific aircrall beeame mare complex. By the 1960' the density of
traflic al major U. 8. alvports began to increase at a rvate that made the
contrcller's mental bookkeeping task next to impasszible, Ta slleyiale this
burden, the Civil Acronauties Administration introduced the computler
to traffic control in 1967, From that yenr until the intredeetion of ARTS
in 1964, the computer hus been instrumental in allowing the controller to
| keep puee with mapldly prowing flight statistica in the United States.
Without the computer and its development into the saphistionted ATRTE
IIT of 1871, the high-density-sirport iraffic controller would be unable to
manags the skics,

The Multi-Traffic Contraller
T da his job in the "20°s the controller hod only to wave a green or a
red fag; In the "S50% he operated a radio in the control tower; in the "40%
he had to learn how to operate a radar set; and in the "Bz he bogan
uging the computer. Now in the 18708, with 20 enroute centors in opera-
tion across the country, B4 ARTS ITT installations schedoled by 1973,
and putomation planned for o totel of 2 lerminals by T8B, air Crallic
| cantral s in need of more eonteellers Lo handle the expanding air popula-
i tlen, 1o Tact, at least four dilferent kindz of controllers are reguired for
any high-denzity airport terminal, three of whom are located in the air-

4
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Tha map (ohove) shaws the enroute centers and avlomoted termi-
rals locobed im the continental United States. During the lost twe
wears, Univac, under contract ba the FAA, haz hesn imshalling
L ARTS 11l wystems infe the maticn's lamgest commaescial farminaly,
i Hawaver, a lorge numbar af medium densfty terminals ia the LS.
ond abroead that are radar equipped with IFR reams need ar awlo-
maoticn capokiliby, Mony airpors, such as Teterbara, Mew Jersey
and Dpa lacks, Floride, handle mare daily traffic, mainly neacam-
mercial, than fhe airports with the larges awlemated sysfams,
Ovar hall of the Alghts ardglrating in same af thess “small” alre-
parts ore now beoscon equipped. To extend Ihe benefite of In
creased sofety and positive contral to these oirports, o TRACAR
system Fas besn propossd. The medium and smoell TRACOM ard
TRACAR sysfems, although functimally similar ta ARTS I, da nat
regulre e large 170 copabilily to service large numbsr of con-
tredler pesitiens, mor de they reguice all of the pracesser Funchions,
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SRER

port tower building, either the plass-cnelosed area on top, or the inslra-
ment fight resulalions (IFREY roem, cee or two stories below wraund,
and the fourth located in a nearhy enroute contrel center, On the departure
enit of 1 Aighl, the sequence of respensibility over a beseen equipped plane
in my Tollows

A= Ground Confroller—directs pilats taxiing in elther
direetion between the aireraft parkiong area and
the end of the runway.

B= Locii Cotiterdier—yives pilols final clearance for
take-off and landing.

€= Neparture-Arrisal  Confroller—pguides  aiecrafi
pwiy Trom o into the immediate aivport vicinity
at both ends of the flight. Thiz responsibilily s
frequently shared by twa peaple.

b— Enveoite Contrrler®—nol locatad at the fmmedi-
ate airpert terminal ares, bot assumes conbrol of
aireraft in the skiss betwesn departure and desti-
nation terminals.

Om arrival in the vicinity of the destination aivport, the line of command
is reversed: the envoute conteeller yields to the arrival-departure eon-
teeller, whao, in turn, pusses control to the laeal controllar, sz the aircralt
approaches the rumway for landing instructions. As scon as the pline
has touched dewn, the pilot shifls Lo the ground eontroliers redie fre-
queney far divections toward his assigned parking area.

Fllot, Controller, and Computaer

When g pilol negetiates a flight, for eeample, from Washington Mational
Airport ta Kennedy Airport in New York, the first item an his agenda ia
to file o Aight plan with an FAA fucility. He gives his name, type of air-
craft, aireraft call number, planned fight route and altitude, alternate
flight routes, ete. This flight plan information is then keypunched and fed
into the computer, Approximately 80 minutes before the pilet taxis to Lhe
runway for tukeofl, the computer transmils the Aight plan data to each
traffie eontesl facility concerned with the particular fight (io this case,
Kennedy, Wazkington Mational, and the Leesburg, Vieginia ARTCCI,
where it {8 printed ot in the furm of Aight progress strips. Az a resull,
aven ag the pilet releuses his brakes, cheeks in by radic with the ground
controller, and taxis to the rurvway, his Lraflic plans are heing farwarded

| to ench eonbroller whe will handle this fight,
In the ARTS 111 configuration, fight plan data is automatically com-
municated divectly from ome Lraffic control computer ta ancther via inter-
fucility data lines, Automatic input of data on impending arrivals and

Tha flght progress sirip & o s=all slip of poper propogad departures relieves the air traffic eontreller of the need to enler

an which the gir traffic cantrofer records oircrafi thia information manually inte the system. In addition, ARTE LI aute-
iderdity, bype of alrcraft, Pight route, altiade, i .
and the warous times the aircraft wauld pai over * Finroute controllers woniter alveraft from 20 air route teafie control centers
mavigalional flx paints inchaded on the Aight plan, (ARTCCE) stralegically situated throughoul the United Stazes.
ARCRAFT TIKE AIFCAANT ES TR TED CLEANAMLE ALTITULEE FLIGHT FLARMED ROLITE
IDENTIFICATION CER KEMTIM (2N F 1 12500 FT. SUMA TO BIO Ty VEES IELE. HRECT KERTLMN

AT WSEE T FHILADFLPRIA]

| ¢ec DRT
ENO V539
PHL

; T 7
w2ae¢ 1of 201 90

cire 180 ENO

GADLIND SPEED
AFERAST KHDTS]
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ARTE

matieally acquires, tracks, and displays informaticn cn aireraft azzigned
| dizerete beacon codes, It alse provides the capabilily to pass control of
| an mirerafl feom consroller Lo controller with minimum eommunivation,
(A blinking format en the centreller’s radar display alerts the controller
thal am aireraft is entering hiz ares of respesaibility.y FAA plans call
for ARTS ITT to make o peal-time cheele al the pilat’s requested altitudes,
| poutes, cte. muainst preferred roules and reservations alveady filed for
| ather planes. 1 the computer detects a conflich, it will recommend 1he
hest glternative altitude and rowte available.

In Lhe not top distanl [ubare it is alsa planned to have & computer
syatem which will interconnect the various air fraffic eenbeel facilitics
around the country, This computer syatem will be continweusly apdnted
with infermation eoncerning delays at the varivus ale terminal wreas.
When delava in the Mew York terminal nrea become excpEEiv
puler in New York will apprise the ARTCC at Leeshurg, Virginia (the
eupuute contral center for the Washingtan National Airgort and Dulles
Internatisnul Aleport vicinities). Since time of departure from  Lhe
Washlngton Airpert will be delaped, the pilot will walt an the ground
i Washington instead of burning expensive fuel in a helding pattern
over Kennedy Airpart. In the future, new sirporta, use of vertical lihe-off
ani landing aireraft, and automation systems such az ARTS 111 will de-
creage the number of times—and length of time—other aircraft will be
delayed on the ground

b o e 2

&

—

e SRR

Equipment
Advanced airberne equipment esn relieve dight crews of many duties,
including landing an aiveraft (seo le “Automuted Landing Bystem™ )
and radar syal of the fulore will previde a greater range and more
aeenrnte identifleation af alecraft tracking from the ground (see article
“leetronic Seanning Arrays for ATC7) But it ds the supacity of these /
ane olher syetems Lo work with each other that makes pusaible the much
needed instantrneous and long renee communication and controel bitwesn f
all types of aireraft, controllers, and computers in Lhe inereasingly high
dengity nir teaflic of the 1970%. This kind of capability is anticipaled by
1980, al whiclk time the medularly expandeble ARTS concept will hawve
reached fruition,
For the prisent, it is interesting to note that at twe of the four aziest
airports in America moat of the aircraft received and dispatched fall inlo
the general aviation entexery. These four airparls arve Chicago's (1 Hare,
Los Angeles International, Van Nuys (Californiay, and Opa Lecka (Flor-
ida’y. In terms of controllability, this means that a Jarge percentage of the
aireraft flying in and cut of four mest congested U, 5. air traffe
torminal aress are mot cquipped with beneon radar transpomder equip-
menl. and thersfore are incapable of tatn] management by ARTS LI at
this time,
To accommodnte nenbeacon aireraft in the aiv traffic contreal syatem, the
contreller must hakd carey an sirceadt through the airspace for which he
i responsible. That i to say, the centreller must fallaw 1he primary radar
blips on his sereen from radar sweep to radar sweep, relving upnn o
menlal picture of airerall identities, sltiludes, and ether fAight plan in-
farmation, withoul the benefit af the beacon radar transponder. Primary
L radar tracking capability, with alphanumerica, hos hesn in existence sinee
the carly models of ARTE nperating in Atlantn and New York, Howeer,
in these parly Tadar lracking systems, it wos often impassible to jsolate
real alveraft targets out of the total information received. Eflecls auch az
extranoous noise, bad weather, atmospleric anemelies, and other phe-
pomens make it extremely difficult for a computer syslem o differentinte

B hetwern arieal targets and vadar reflections. As a result. in setting up
ite ARTS III expandability program, Univie s developing a primary
rudar tracking system for the FAA. Like other modules being Lawilt,
this svetem wil installed and evaluated In the Tnivee Weld-Chamber-
lain ( Minnenpalis-St, Paul} test facility prioy to beine adided o3 a standard
fumetional building block of the ARTS facilitics. &
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Bince ARTS ITT 1= primarily a radar-conirolled, heacon-tracking
syvatem, emphasis is placed on the radar’s display capability to the
air traffic controller. Both beacom and primary radar are osed to

n“tﬂmﬂt!ﬂ derive position, or bearing and distance information, from the

. antenna orientation and the time delay belween (ransmitted and
nll" Trﬂ"" tﬂ“trﬂl: received pulses of energy. A primary radar video return s the
'I"IIIIIW' reflection of a pulse of energy bouneed off the exposed surface of

an aireraft {a hlip on the radar screen). In the case of beacon

tracking, the radar sends a pulse of energy from the ground to

the airerali, Thi= pulse, in turn, friggers a teansponder in the

aifrborne aysiem, causing a heacon (or eoded) =ignal 1o be generated ‘r
from air to ground, where it is processed by the computer o project
identity, position, and altitude dats onto the radar screen. This l
article provides a funelional dezeription of how the syslem operates,

how the system relates to the aiverafi it monitors and controls, T
and how the controllers relate to the aystem.

The Radar Screen—Man-Machine Interface

Flight data representing a dynamic pictarve of the air traffie situation
iz presented to the contreller in severnl formats, depending on whether the
wirernlt are being aclively tracked o merely monitared witkin the ayva-
tem. Tracked targets, which are limited to beacon-controlled afreraft, are
presentod on the copnizant controller's display st the tareet's reporfed
pagition. The presentation consiste of primary and beacen radar video and
a Tull data black. which cons ul the contrsller's identification avmbal.
a leader line and an alphanumeric tap indicating afrcraft identification,
altitude and ground speed (Fig, 13, I7 the controlled pireraft reports an
emergency or g oradio failore, the disployed full-dala tag iz the sarme
axeepl that an EM (emergency or RF (radie failure) aymbol. blinking
to alert the controller, appears in place of ground specd, If the track fails |
to correlate with & beacon target, the symbol CET (const) appenrs in the |
altitude pozition.

TUnless deleted by the controller, untracked (uncontrofled) targets will
nppenr on Bl displays {(trocked tnrgets gppenr only gt the copnizant oon- |
Lrallar's poailions s, For cach anlracked tarest, the presentation consists i
of primary and beacon radar vides, and either a single symbal or limited-
data black. The single symbal farmat consists of 8 nonalpha target symbal, H
while the limitedaints block invelves the saome =eb of r|-'-r|:|.|.|'-h:|. avmbnls .
plus a leader and an alphanumerie tag. The track symbol displayed for .
either format depends on whether or net the aireraft is responding with
A hesean eode selectid for pivernft eonfrel in the termino aren, nnd #

1

whether or not the pircraft is responding with Mede O allitude data,

The lormat [siaele svmbal oF imited-data block) displaved dependz on
whether or not a nontracked aiveraft hae been selected by the controller
via the data entry keyset and whether or not the nontracked nircrafl is
within an altitude band enbered inlo the computer by the contraller. Alti-
Lude will alea be shown [ the aiveraft is within the altitade filtor limits,
Becauza such aircraft arve not being tracked, speed i= never displayed.
Tntracked aireraft reparting nn emergeney or rodio failure ure considered
ta hewve selecfed eades and thelr positions will ke displayed as seiected
aymbela. A blinking tag—7700 {emergency ) and Taod (radio failure}
ia alao presented, tepether with altitude ©f it s reporbed.

These symbals and codes for tracked and untracked aireraft reprosont
the primary infermational relay of the dynamic traffic control situntion to
the departure and arrival air traffic contralleris. Additicnal information
is alse eonveyed in tnbular nlphanemeric form, independently relocatable
te mny convenient place oo the display, Two such lists, areival/deportirse
and eonst/Fiepend, present data on controlled aiveraft not being aetively
tracked. Arrivals and departures are osunlly pssigned lo separate con-
troliers; thos, one will have arrival and eoast/suapend lats and the other,
depariore and coastfsuspend lists, Itema on the arvival/departure lists
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PAFD: Tracked by controlier A, full data black

O — Unfrecked, smergency
jAlf = 7400 ¥, speed = 250 knols)

|fermet blinks|

MY 1411: Tracked, handaf from
contraller & o cordroller F
|fermel Elinks efiur F accapls|

Arrival lisk— Provides
. idendifcatian of aircrall
& which are scheduled 1o
i~ orrive af the nfry fix
& within @ few minuies and
will ke contralled by
contraller &

TV 323 Trocked by controller &,
raclio failurs, |BF blinks)

HC 148: Tracked by contraller E
at snraute cenber; hendafl fram
eonlraller E ba canfrellar A
(format blinks|

U 103: Trached by cantraller B,
“Cwick look™ by contraller & couses
e dota format fo appear

Caost/ Suipard lis—
Provides idenrification
af aircraft urder control
af canfreflar A byt which
ore nof currantly

b=ing frocked

CY Tracked by eontraller €
na dota fermal appeors since
target is being controlled

ot arather disploy

" AE: Trocked by contraller &,
karget kax been masigned
temparnarily te o Suspand’
stotus os indicated by ling
identifier &

Trackead by contraller A
[eaasking Frack]

% — Unfrecked,
limited daie bleck,
& bemoon code readauf
requested by
carmdraller &
[non-selectad ceda)

System Data— P rovides current Fime, ollimeter sefling,
solected beocon codes, unfrocked emergency frodio

Preview Area— Provides keyboord eniry charociers and
failure indicater and memory recdouts

wantroller reguesied data (e.g., Aight plon data)

LEGERD:
= Prmary Fladsr Balun

Beucos Rirzar Rein

Errsrgenty B o

| Fig. 1—A representafion of the ARTS Il video screen. Trocked fargets, indicated with olpha-
numerics, may ks offsst to ony 45-deg direction. Unfrocked torgets ore ohbwvoys offsef o MHE.
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(Fir, 28 are nulematically added on the
plun inputs, a preact number of minole:
ar pro ime of depprivre. Each tim
o8 Hnes and identified by olpha character:
and an a hurneter Indieating b
b Tail o
spand, antomalic st Ssuapend list
i Fisgr. b0 comirolled airerall Lot king has been sus-
i pended (for ins ] r rattern)

2 lir 1l of
line identi-

are Also d
rhich mre identifl

o] writh & single-dipit code, In s
el mintus

representing hen ]
veparting a discrele code ar
onrrete

fdeparture lists

d Mo

will

voast fanspend list is diaplaved in fime or
In both cases. onee a ling identifier h sen ampgigned toon
Might, it remains with that Aight until i removed from Lh
eomatealln ag the line identifier 1o specify the flighl wher commani-

? " cating s Lhe compater,
Fig. 2—Ezamples of the various Ipaes of Tn conjunction with the comteollers ase of a dia antEy
tabular dofe, Eoch list, conbinuousty ond ¥ e
smatically wpdoted by the compufer, ) " Fovs
o displayed in time arder sequence tunity to roview WeEzapes prisr lo

e e

vided i the
ar proofrend w

preview area iy

AAl2 D American Airlines flight 12; diacrete beacen cads

NWTE M Plarthvrest Afrdines flight 78 nandiscrote beacen coie
ual4i B I..Inih_:;d Air Lines fight 1418; no assigned heacen coda
WaAs32 N Westemn Airlines Right 432; nandlscrete beocan eade

DA sD@an Diclea adirlines fight 355, sspueel siaros; discrele beosan cade; -
carrected reparted alfileds 2500 1
Ea3g ch Eastem Air Lines flight 20; ceast stotis; discrete bigeoa cede
PAIS 5N Pan American World &irwags fight 15; susoend stabuss randizcrele beacon cods
ual4ie s Wnired Alr Lires fight 781 B; suspend stohes; ne aidigned beocon code
Wage  C Wastern Airlines flight B8, coost atele; ne ossigred beotan code

Adrcroft identificotion
Requesty progrom fa ossign @ beacen tade T dircraf!

Cestrallar
Enley fix [omrrival]
Arrival fime.
g T 29.9 Time of day; local Baremelsr seading 1
23 e Selected beacan cadus .
2p Selucied beacon codes %
Emergency and radie doilurs alert indicater i
M;lr_.un! mem.nr!rl'n-mﬁclnchd_:bhlinr of lecation i
Addrass of memory localion and cealenl of location : ;
; ;-
12 i
i R et e T |
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entrr [Fip 2. After auceesalul |.-t‘l.-|.'|’:ﬁ:~ir.|x by Lhe eomputber, bhe messpre
is automatically deleted, If, however, an input error iz discovered, a mes.
snpe ga stating will appear in the provisw area. This area g alzo uiilized
Tor reading messages Crom Lhe campuler (g, Bight plan infarmation),

The fourth tabular presentation is of syelem datn [Figo 843, Time of
day, avea altimeter setting, keyboard-selected beacon codes, emergency
and radia failure indicators, and readouts for keyhosrd-zselected memory
lpentions pre displayed, Time is aotomatically wpdated, while altimeter
selling must be periodically entered te gllow foe altitude eonversion aof
Mode C data.

Thus, by eontrast to cavlier radar sereens which presented only certain
fixes, markers, nnd target videa, the ARTS TIT serern displays a picturo
of the terminal area siluation in soffcienl dvnamie delail as o allow o
sigmificant easing of the controller's tazk, It sheuld be neted that the in-
formational formats and contenta are not restricted to those deseribed.
Beonuse of the fexibility and madularity of the ARTS TI, considerable
varlation fa possible, permitting talloring of the display and the system
to a particular eite. How the asystem performe these functions and ics
adaptability ave the subjectz of the following seetions,

System Description

ARTE 11T is an add-on avatem. Basically, three major subsystems (Fig,
&) are added to existing terminal area equipment: the data acquisition
subsystem (TRAR), the data processing subsystem (DPH), and the data
antry amid display subsyslem [DEDET

data acquisition subsystem

The ARTE 111 DAS, which will accept inputz from a variety of ale-
port surveillanee radars and beacon interrogaters, congista of the azimath,
range and timing growp; the beacon reply provp; and the azimuth puolse
generalor, The azimuth, ronge and timing groog generates ol £he basice
timing pulaes For use by the DAS: Lhe beacon peply groap deteets and
interprete the beacon video signala: the azimuoth pelse generater, phyai-
cally maunted to the radar antenna pedestal, converts radar-antenna posi-
Lian to digital position data. Fach DAS alse inclodes additicnn) cirenits,
permitling the ARTE 11 syslem to operale indepemient of existing
beason video decpders.

HBeacon equipment at oach site aequires data from transponder-equipped
afrerall thal aulomalically reparl their beacan epde, ar beaeon code and
altitude, depending on the type of transpender alaamd the aiverall, Trans-
ponders equipped for altitude reperting transmit data that Iz automatic-
ally eneaded dircetly from a pressure-sensing altitode transducer in the
aireralt. ¢ The transmitlsd nllitode datn is mensered in 100-foot inecroments
with respect to a standard pressure of 2082 inches of mercury.) The
beacon replies are in the form of coded pulse trains unsullable Tor direct
proecssing by a computer, Therefore, beacon video information la trans-
fereed vin widchand transmission media to the TDAS, where the beacon
!n:l.l|y proup detecls, frolates, and correlales the henoan replises with swerp
preition information. The DAS alse digitizes the analog information and
sends it to the IPA. The information includes range and azimuth of the
berenn repert, as well as the beaeon eode and sltitude, when this informa-
Lan de peceived o ungavbled form. The DAS alsa provides parlially de-
ceded beacon video directly to the DEDS via an analog channel for uze in
& back-up moda,

In the Bazic ARTH [T, the analog primary rmdar videa is onol osed
by the DAL, bul instesd (5 senl directly 1o the DEDS, along with Uming
sigmala for presentation on the displays, The primary radar avetem
thus yields redundant coverage for beacon-equipped aiveraft and alzo pre-
vides pesition information om aircraft that de not have transpondors, The
DAR dors not provide g tarpet detection function [ sweop-Co-swaep care
relation of replics). Thiz function is performed by software within the
dita processe.
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Fig. 3—The M2P corries B bBurden af avar-all
communicalisne, Major lasks ame monitered by an
executive subprogram that ossigns processing on
an as-needed priarity bosad an external desarcs,
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data processing subsystem

The DPS congists of the date processer and its periphernl eguipment,
as well as the aperational computer pragram, The Univie data processor
ran be configured with three major types of modules: a central processor
mudule, an inputfontput proeessor (1000, and memory banks, In the
initial ARTS TIT, utilizing Lhe beacon tracking level, analysis has shown
that & eentral processar modale i unnecezsavy, The eombinalion of one
oar mare TOPs aod memory banks provides the system with a capability
for arithmetle camputation, Iogical devigion making, data processing, and
eyver-all aystem eoprdination. Accordingly, the bagic TIPS consists of an
IOF with & 12, or 16 channels, a memory bank with 24,6576 words, and
prripheral syguipment,

100 FFICeA
TATA ERTRY
AMD DVEFLAY BURSYETER
FROW 7370 BISFLAYE)
DATA ACGIFSITION e e
ELIHSYETEM

Fig. 4—ARTS 1l medularity ollews far the systeam's thrae
major subsyshems to ke added on o exisling terminal
area equipment, & simplified diogram far the basic
beacon tracking sysfem shows the primary paths of in-
formotion flow. The configuration [Feg. 5. right]l repre-
sents the sxpanded ARTS 1 ingtellelion af Chicega's
C'Here Airped. This sydlam praceises up to 210 beacan
turgeli, apd simelonesusly frocks 180 beocon borgets.
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The DIPE reccives digitized beacon target reporl messages fram the
HOAZoHTAL DAS. It also receives Hight plan dats from a computer in the enrogte
PRFLAE traffie contrel center via a ZA0DLits/see full-duplex civenit. This serial
information is converted inte parallel digital form and inserted auto-
mativelly into the TOP, Automatic insertion into Lhe LOP represents a
signiftcant advance wver earlicr systems which reguired the contraller to
enter information manually i keyboard fmanual entry iz still possi
ble in ARTE IIT). In addition. the DFPS receives controller-initiated mes-
anpes fram the DEDS concerning tracks belng conlralled, ar those for
which the conlraller desires information, When such a messapge la pecelved
the DFE performs targel detection, initintes tracking action on those
aireraft designated by the syetem or conlroller, upintes all assigned
Lracks with the new target reports, and assoclates Night plan datn with
tracked wirceafl. 11 furlher action iz required the DPS will accept con-
troller inputs allecting these lracks, form alphanumeric tngs to be ssscci-
ated with each track, ensure that a eorrect association between the o
and nireraft is made, and sopply appropriate alphanumeric data 1o the
diaplava.

Operalion of the TOF iz controlled by a stored program lacated in the
memaory bank, with each major processing task orpanized into a aul.
program, ‘The I0F then emplovs an execulive contral subpropram that,
withant perfarming any processing tasks ieelf, serves Lo contral the
expculion of Lthe tnsk subprograms, these being execated as neaded, rather
than in fixed sequence. The lask selected depends upon an sssigned pri-
ority scheme that adapta te changes in the system's processing Iond and
permits the processar to respond to asynehronous external demands, Some
tashs are oxeeuled on fhe bazis of 8 fxed time interval, whils athers
depend upen the completion of preveguisile processing or external events

The TOP provides control zee Fig, 41 of overall eommunications
brestay e DAE, the DEDSE, and the DPE peripheral equipment wia high-
speed digital 1/0 channels, The TOP has from # to 16 /0 channels, de-
pending on the number of DE DS conseles utilized at cach site, Ten DEDS
eonsoles eonstitute the maximuom L utilimed with n single TOP,

The bazic DPS includes peripheral equipment commonly found in a data
processing application. A magnetic tape unit provides permanent storage
far the eempater programsz, and is used to load the programs intn com-
puter memory. In addition, sclected data obtained during system aperation
may be recorded on magnetic lape Tor future processing and analysiz, An
I/ console containing a low-speed printer, typewriter keyboard, and
paper Lape Tvilities is provided for conirvoller communieation with the
IOP. This conzole s used off-line t0 enter varinble parameters peguived
by the syatem and as a back-up devies Lo load programs when the magnetic
tape unit is unavailable, It alae provides cndine printout enpabilitics for
wvarivus subprograms, The hard copy may provide alarm, recarding, or
regquesied funelicns, Alarm printouts resolt from program-detected mal
functions in hardwars and errors in input data. Eecording and reguested
printeuts result frem the receipt of dala enbry keybopred messspes, At
somie sites, a UHIVACT 9300 subayetem inclading UniEERvor™ VIC mognetic

———
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taps units s reguived to provide high-speed printing, punched-card proe- ¥
cesing, and additional enpability for assembly and maintenance of com .
puler programs.

data entry and display subsystem

The DEDS eansisks of a common cquipment assembly, display consoles,
and data entry sels. The eommon erguipment assembly is Lhe captral intor-
face hetwesn the display consoles and radar dota, iocluding radar and
map vites, radar triggers, and azimuth Iz penerater signals. Both
vertieal and horizontal display consales nre used in ARTE 111 Each utilizes
a 22inch enthade ray tabe and solid state compenents. Both arve tima-
shared and perform alphanumeric peneration after cach radar sweep, beth
pee refpeshad from the DTS at a 30-Hz ente. Eguipped with additional -
circuit boards, they ean provide an all-digital display. Controllers may enter
diznlay datn manually by means of o data entey set composed of a key-
board, Leackball, and guick-lonk awitches,

As diseribed previausly, the DEDE provides the man-machine inlerface
hetwesn Lhe air waffle controllers and the ARTS TIT putornation equip-
ment. The DEDE reccives tarrel positional returns in enelog form direetly
from the primary end beacon radars, Tt also recelves tracking and other
alphanumeric information from a DPE output channel and superimpogses
it ever the Lroadband plan pesitien indieator (PP display of radar,
beneen, and map viden, The keyvboard of the dnta entry set rermits the
eontrellers to enter nlpkanumeric Aight deta inte the display via the DP8,
and to mulke modifications to the displayed information. The track ball is
used to enter FPI ecoordinate information inte the DEPS by pesitioning &
wrmnl] movable corsor symbal on the disping, Data corresponding o the
putace positien is entered dn conjunction with a keyboard message. It can
ppecify the posilion of a track, of sepser video, or ol an alphanumarie
data item, The guick-look seleclor ewitch enables the contreller to selecl
and displuy at his ewn eensole the alphanumeric data pertaining 1o air-
crufl under the copnizanes of a controller al another operating peaition
In the present ARTS I1T system, the guick-look funstian 5 performed
" : anly on an intrafeceility basis,

System Configuration and Modularity

An pxpanded ARTS TTT installation utilizing dual-beacon inpat (Fig, &1
iw in aperation at Chicnge’s (FHare Alrport. The sy pracesses up ta
210 beacon tarrets ab a glven fnstant, and simullaneously tracks ap te 180
beacan targots, An ARTS 111 confipuration for a typical single-beavon site
utilizing the elements deseribed previowsly (and alsa shows in Figo 8
will e installed at the Wold-Chamberlain Airport serving Minnespelia
and 3t Paul. Minnesata; (0 will allow processing of up te 192 beacon
tarpgets at o given ir

In crder to provide the capabilit v oprowth of system functions at
the same pace with increascd reguirements and resultand developments,
ARTE 111 wae designed within a modularly expanded coneept. Bocguse
software 15, of its own nulure, medularly expendable when using the exec-
utive program-subgroeram kievarchy, and also dependent on the hardws
modularity, the primary design considerations were riduted to the hard-
ware, Bince the DPS s the heart of any automation system and thercfore
the key o sxpandahbility, the most significant modular design corcepta
were implemented in Lhe DES itself. The result iz a system expandable to
a maximum eenliguration conzisting of four central processer madules,
four TOF's, 262,144 82-hit slerage locations, four DAS's, and 40 DEDS
pomsnles,

The ARTS ITT equipment now in operalion at Chicage's (" Hare Airport
provides terminal area controllers with more infarmation than wasz over
pefore peesible—with the bonus eapabllity of simpler display format,
eagier assimilntion, and prenter potentisl far sulomatic entry and updat-
inp. Tt is u aystem with modulur Aexibility and ean be tailored to speeific
gitrs, Ewven more important, it i3 a system Lhal can keep pace with the
prpanding aiv trafic voelume, Thos ARTE 111 can be applicd warldwide,
adaptable as it is Lo the requirements of diverse nations needing a net-
work of air traffic contrel facilities. W

tant and will track up to 40 beacon fargets.
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Under the Federal Aviation Administration’s ARTS expansion
program, ARTS II1 i= to be enhanced through design, development,
and teating in the following arens: system simulation, radar track-
ing and heacon tracking, multisensor utilization, application of a ﬂllilllllllilll
fail-zafefaoft. multiprocessor executive program, display enhance- = .
ments, asseciative processor evaluation, and a Level-1 redundancy nlr Tru"“‘ [n“tru"
progrram, This paper elaborates on these aspeets of the above areas
which specifically reflect ARTS expansion polential, Tumnnnnl‘"

There mre bwa main roazans for bedlding modaler erpoedobiiity into
ARTH. Firsl, mosl general aviation aireraft (piston, turhine, rotoreraft,
wte, b do ot pew have—and will not 2oon have—hepeon-trinsponder teack-
ing aystems, Binee they constitute such a leree pereentage of all aireraft,
it is imperative that radar trocking systems be capable of handling them.
A secomd reazon is Lhal the oumber of beacen-equipped commereial ancd
mililary afreeafl ia expected to inerense during the mid-Inte T8 This
increase In air population dictatez that computer, display, and related
equipment capabilities be enhanecd ot an peeommodating pace,

B R |

Systam Simulation

Univae s praviding a simulation eapability to determine the feasibilivy
and capahility of hardware and software configurations te be imple-
mented during the ARTS expansion program. The modela will be sob-
jeeted to varivus operational parameters to investigate the performanee
of the proposed hardware and software in the ARTS cnvirenment.
Twa levels of simulation are being developed, The fieat, called the
simpler  groop, consists aof “slow Ume" models, with representation
at the imstruction or fnputsoutpot {100 word level. Using these models,
detailed hardware chavacteristics of the ARTH dala processing ava-
! tern can be analyzed. The simplex models aee applicable in determining
i the impact of additionnl 1/0 deviees or changes to existing devices. The
seeond level of simulation is valled the syafern group. These models exeoate
tnske as enllective groups of instructions rather than ab the individual
instruction level, and the time required for simulation is muech longer.
The abjective of the system medels iz to analpze syslem confipurations
and to serutimize the muoltipracessor esxecotive. The syatem models can
alsn provide date an execative overhead, rescuree utilization, 100 handling,
and aver-all avstem elficlency.

Computer simulation allows system evaluntion under an arbltrary data
load. Thiz iz essential ta eontinuing elforts such az the ARTE expanszion
program, for it may nol be peeaible to prezsent projected worklonds toon
system at existing sites without interropting normal operations.

et L

Radar Tracking

The midition of radar tracking will provide automatic reporiing and
tracking af alrcraft ot equipped with beacens, which aperate in most of
the alrapace on & "see and be secn'™ basis, Although it js true that certain
kigh density areas are heing restricted 1o beacon-eguipped aircraft only,

< there is alwaws the possibilily of ablrevaft without beacons accidentally

penetrating the airspace. For those aiveraft equipped with hencons, Lhe
1 wibdition of the vadar tracking system will provide reporiing backup in
< the event of begcon fade or failore. In nddition, the dual reporting capa-

hility | hescon sand radarl will permil improved reporting accuracy by
optimally cembining the two Peports into a single, mere seeurals eelimate,

Althoughk existing approaches are quite effeclive, o substantial improve-
ment 12 reguired before automatic initintion of radar tracking can be
performed with the same efficicney ws 18 belng accomplished with beacon
replies, First of all, automatic Leack initlation reguires that radar larget
reparts be valif tergets ; and processars have net yet achicved o sulliciently
hirh level of diserimination. Present processors are capable of achieving
woud target reporting with a minimum of false reportz in a clutter-free
apvironment. However, maintaining the level of performanse in the pres
ence of varions forms of clulter has not been correspondingly suecessful,
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THRGHER
A wubstantial improvement in performance requires not only the Teap-
praisal of present technigues, but alao the intraduction of new concepts.
For example, kather than considering the radar, digitizer, and computer
; a5 separnle subaystems, ench evalunteal in terms of soflware or haridware
] X and cach aptimized independently, lolal system oplimization should be
BeAsw the goal. An important part of the eplimization precess must hie m careful
v i'. S :!'I""'."‘f. ] (s} - itizer
itk e A malching of the system ta the envivenment in thc‘h the rader dlpiize
ANALDE BLAETETEM compiter syslem will be eperating, Simalaticns and test vehiclea that can
EHANREL ] he rendily reconfipured shaald result not only fn improved systems, bt alse
in precise measurement of those improvements,

. f - | i radar track test systam
Fa 1=—The bac ARTS Il radorbector Koekes g il addition af rudar trackng will be prosided by 8 tst vehil
comporents beacen data ocquisian subaystem, througl which mere advanced radar video processlog and radar-beacon
rodar data sequisiion subsyslem, data processing integration technignes ean be developed and analyzed [see Fig 1k The
sibnyshem, and data entry end display subsyshem, tpst wehicle will be develaped utilizing current but improved video proc-

rsing cancenta, A |'.ri||:".|_|:|_| change in Lhls aystom (ns compared o cur-

rent equipment deseribed in the forepoing arlicled will be in the
implementation of the teehnigues -Several of these chanpes, implemented 4
im hoth softwere and hardware, will provide the opportunity le compare
relutive elliciency.

The DPS muy be programed to perform the fanetions of videa bargel
repert penerntion, target decluration, control of guantizer levels, conteol
of clatier rejection teehnigues, and selection of available videos. Besides
the radar and bepean video processing, the DES will eorrelate the rader
and beacen target reports to pravide a slogle report on Largets for which
hotl echors ard beacon responses are received, In addition, the s will
avcept feedback of predictad track data anid wengraphic deseriplion of the
ferminal avea; then, using this informution, will dynamicnlly adiost con-
traol parameters to enhance the probability of detecting vilid targets while
minimizing false reparte, Not enly will thiz system serve ag a test yehicle.
Bigt it will plea make available an early model of & radar dipitizing system
for sites with exceagive traffic loada.

radar environment measure
A detniled radar environment measurement program indieative of the
totnl syetem concept will alse be undertaken; L will utilize lhe ABR-G
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rdar and the tormingl radar vides data processor (TRVID) at the FAA's Fig. 2 (abowe|—Various videos are recarded for

different rader environments ond played back

National Aviation Facility Experimental Center. With some radar modi- ment:
shraugh the ferming] radar videa dolo processer,

fieations, video can be ;!1||1|1|i|-|.-| tn the THYDE in a namber af LlLIIn_E'-L‘e_:II.t The seftware model of the radar dota acquisien
formz. Hecause the radar environment takes on different characteristics subsystom, shown in Fg, 3 |below], will olie be
degending on the type of reeiver used to produce ench farm of videno, the wied to ireestigabe motheds ef amplitude contral,

aplimum receiver/pravesser pombination will be determined by gimmliane
oualy recording videns for different radar environmentz, then playing
them baek through Lthe TRVDE (Fig. 2.

Amather fueel of thiz program will be the software madel of a vadar
data gequisition subsystem {Fig. %), Thiz software model will make pos-
i Lhe investigation of many methods of proveseing the digitized rador
vider. A prime advanlage of the model is ils ability to vary any siven
parameter ga ns Lo eatablish the effect of that parameter on over-all syatem
perfarmince, Diata recorded during the radar environment megsurement
study will be wacd fo verify and exereize the saftware medeal, With Lhe
data obtained ns o result of evaloating the early radar guaniizer, the
radar ervironment measurement program, and the vadar dnta acgeizition
medeling study, a highly sephistivated radar dstn aequizition subsystem

KULTILEWEL
OUanTLED
FATDAR TAPE

will he designed, GOMPUTER
* DATA FEGONDING AND

beacon tracking PCAFOMASKCE ARALYEIS

Tn the aperational ARTS 111, when beacon dnta s digitlzed and track- = HOEC GLANTIZING FUNCTIN
& 5 > - i A #+ TARZET DETECTION FLIMETIONR

L ing is attempted on the boasis of thia date, eerbain aberrant sipnals my # POEITION ESTIMATION FURCTION

pectr of the sereen in Lhe form of ving-nround or eplit targets. Some of » THRERHOLD GEMERATION FUKCTION
the canses of Lhese misleading abereations include stray redlecticns from

the pround oF off surface chierts, sidelobe returns, ami “fruit” A stody

is under way to develop software Rltering discrimination algorithms ta l
help check the deficicncies in the bencon video, Based upon the inlarma.
tion to be fannd in this study, improved beacon tracking programs will
aupplement the basle ARTE capnbility. The results of the atudy will alza
he nseid bo ipeorporate improvel beacon digitizing equipment into the
improved radar beacon digiliser.

P

 LINE PRINTER

Multisensor Utllization

As the result of & sepornte mullizensor study, desien concepts will he
develaped and implemented o almultanesns utiliztion of two or morve
rudar-hegeon semsors. The desipgn coneepts will be implemented in twe
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the recanfiguration and fault detection unit (RFTIU), bo mssisl the execd-
tive dn error detection and in the computer partitioning process, With the
ald of the RFDU, the fail-safeszoft execative will detect a frst om
failure, partitien the falled medule from the system, and rvestari wilh
Full functinnnl eapabllity, After restart, the execative reverts to ihe fail-
soft mede of pperation.

The RFLTL a new pices of hardwars, will moniter medule power and
eabinel temperature, These slatus indicationz will be held in svetem status
regizters located in the BFDT, The processars under program cantral
will pericdically rend these status registers to determing if n mulluneilen
haz acenrred. 1§ the processars do nol inlerrogaie thee RIPDU within a
specific lime period, the RFDU will send a general “interrupt” fo all
provessars, Torcing them to examine the status registers. The exocative
B will alas perform on-line confidence tests, process WEmMory pari and

resume errors, monilor the REDU status, evaluate errer indic , per-
farm partitioning, and maintain s systen resourees mip. Menitoring
the RFOU will be on a time-demend basis, while ce-line confidenee
touts will aperate onop time-aviilable basis, Reconfiguration of the sys
in the event of an orror will be accomplished by the executive program,
uplating the system configuration matrix in the RFDT. This update will
shmltaneously pariition failed medules from the active system and Te-
place them with back-up modules. The proceseor will than undate Ehe .ﬁ!R’TE !II sharply _-..g:ll..r.es d_eanndls an o condrodler,
d 3 t : sinew il provides informatian which wos formerly
zvstem resaurces map to refiect Lhe current system cunliguration. abialngd through voics communlcations or other
This thres-stage am h ix taken so that [otermediate eapabilities wenns. M thas oflaws Blm fo concentrate morg
will be available for o lesal uze during the development stage, and fully on the jab of safely directing oir troffic,

" L

Sl L i

T
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vhoa complex fail-
i s il o rot predeceszar
cies that may wppear through operational use of an
b thore 1v examined in their own right
ated for during the developmental stape. Operational tasks
can be developed, tested. and installed after completion of the firsl phose,
thug allowing sperational capahili oneurrent with exerutive develp-
ment and equipment installatian.

ST 1K

' Display Enhancemants
Two aveas of display enhancements are ¢ ety u cav, The fivat,
i a dual-channel medifieation for the basic ARTE, |
ith twa 150 channels leonted
widie Aexibalily in oslri ring eem,
| allaw tomatic recovery from Lhe failure of a proc
An external function will be used to effect the switeh from one processor
channel fo the ether. The display will monitor both /0 channel external
1 lines to allow v processor te control the switching.
= the seeond enhaneement ta the
rveld from the disploy, making
ilher clutier. Inatead, weather
vipbola, and map data mav he
cntual wtilization of differont
v charaeteristios, since all

v a1 wingle display ta interfaes
LI s, This will pr

s viclen will B
" wround and
appropriate

. iAicls helween vi i
removed, allowing for viewing in
it light conditions, Other long-term ARTS display enhance-
vill include muoltiphesphor cathode vay tubes (permitting multi-

m=d, and impreved datpn entry d s (B allow
natural communications betwern the air teaflic conlre
sberm i,

13 will thus i
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Associative Processor Evaluation

Prajections have indicoted that even the mulliprocessor versions of Lhe
ARTE 111 equipment eould become overburndenesd in accomplishing future
funetlong in the terminal ATC system. These future functions may
inelude capabilities such as confliet prediction and resclution, for which
parallel processing is a sopgested techningue. An assoriative propessor
[AT is one form of parallel processar that would seem o meet the
computational requirements. Under the expansion program. this and
ather similar suggestions will be initially tested at the Enoxwville,
Tenneszer girpart terminnl, An associnbive pracessor has u.|r|:m:'|}' brier
bugdlt Tor the Adr Foree by Guodyear Aerospace, who has alse condieeted
alparithen studies for the FAA based on this processer, Goodvear has heen
aeleeted as A subeontractor to supply the hardware and softesre necessary
to demanztrate AP operation in the areas of tracking. and ernfliet detee-
tion and resalution. The assovintive processor will be linked via an 10
vhitnnel tothe already operational UNTVACT 1250 computer aystem located
at the Kooxville site. The traffic and test tavget numbers at Fooxville
allew this IO charmel communication. Tf actoal implementation were to
he attempted, however, direct communication with the processer memary
wanld probakly be reguired. As a parallel effarl, the Lumisda f:nr;luhllml..
alse under subeantract te Univae, will simulate the A1 algorithms cn the
UNIVAC 1890 spetem. Lambda's primary tazk iz to pecommend the proper
conflics pegolution algarithm and interface requirements for the 1200/AF,
hased on exigting 1230,/AF alporithms,

Level-1 Redundancy

The purpose of the Level ]l Hedundaney System program s to develap
a laflure vecovery capability for early lmplementation at sleghe- and dual-
heacon operational ARTS 11T installations. Geal capability will peovide
for recovery of the ARTS system in the event of an operational moduls
failure, within g period af five minofes. Tn cssenoe, swilrhing rn,[ln.hill't.iq:a
i in this system will permil the manual teanszfer of peripherals from ane

1 IO Lo another: the manoal switching of the redundant data acquisition
aubavetem: the electronic awitching of displaye within the data entey and
display subaystem from one TOF to anather: and, finally, partiticning of
the =zyzlem to iselate the failed medule from the aperationn]l syslem.
K Atwpieal single-beacon redundant ARTE [T inslallation iz shown in Fig,
G 4. Both single- and dual-beacon redundant versions will be cenfligured and
demonstratod at the Minneapeliz-5t, Paul test facilify,

The operationul pregram Tor Level ] redundoney will be adapled fram
b basie ARTS LT eperationn program o permil pecovery from an IOF
and memoery Tailurve. Only the prime TOIMa will exercize the operational
program;: the back-up I0F will periodically collect critical system dats
from the prime memery bank and store it in the back-up memory madule.
Redundant starare will he provided suck that datn eslleeiion will fe
controlled by the prime TOP: this insores thal eritical dote will be re-
drigmeend amly during a period of low operationnl (rensatorated) activity,
thereby preventing “lock-up™ of operational tables by competing proe-
easors. D addition, the data collection technigue will be struetured 2o that
a failure in either the back-up T0F ar the back-up memary medule will
mat interfere with the normul processing of the prime 1000175,

PR

i
i

2
i
g

Concluslon

Inherent design modulavity characteristics of the basic ARTS 11T per-
mit extengion of the system’s capabilitics by develapment of pdd-on mod-
abes, A8 g oresoli, oven oas ARTS [T is becoming D|'-|::ru1.:inn||.| (al 82 air
terminals by 19720, the study, design, and testing of improved functions
eun b underbaken—with the conlidenee that they can be adapted aimply.
and b ibe earliesl possible time, inte basie and expandsd ARTS ays-
temz of the late 10708,
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