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PREFACE 

This report was prepared under Proj~ct Plan ~~reement FA-844 

"Major System Ocvt"lopmt>nt Prcgrnms Intc-gration Analysis,'" sponsored 
by the Fedefal i\vi:ation Admini~tration. Office of Syst("m~ Engi1\t"C'T· 

ing M3n8ge~ent. It is .. summary ~f thrce interim reports· whicl' 
report on the three ph~~es of 3 study of the impact on t)\(" tower 

cab environment of introducinR Hajor S~'stem O(',·("lopm("nt rro~r3m 

(~ISllr) elements into the CONUS ATC 5y~tc."'m. 

The material summari:ed here i~ the work of a tt"am of TSC 
engineer~ and scientists: J. Rcllantoni, R. RLmd, ll. Clapp, 

J. Coonan, n. nevoe, J. numaRian, E. Ifilllorn, \". Uollh:o', J. Ku1Jn. 

L. Maddock, A. O'Brien, ~. Raudseps, r. R~~pfer, and L. $tevenson. 

The contribution of the many Fi\i\ personnel who inve~t("d t-oth 

time and energy in the stUdy must al~o he 3c},;,no,,·IC'(i .. cd. 
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of Current TowC'r Cah f.nvironmC'nt~", l\'.n·C'mhC'r l~)" (.:'10 paJ:C'~): 

Report 10105. FA,\- fJl- 77 -16/ (IlOT - TSr. -I'''.~ - 78 - 2). "Tower - Re 10 t ed 
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and Report 1010 •• FAA-fJl-78-10/(Il()"-T~r.-I'AA-78-")," S"stems Inte~r~­
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1. I NTRODUCTI ON 

The tower cah integration analysis was undc·otakcn for the 

purrose of identifying issues or prohlems associuted with the 
introduction of new laajor systems into the existing ATC system's 
tower cab environment, and. where feasihl~, to postlilate solutions 

or identify areas Cor further in\"estigation by the F.\A. The study, 

therei~re, examined "first-level l
' iS$ues. The concII.sions drawn 

or solutions proposed 3re preliminary i~ nbture. and arc intended 
to be the foundation :or more detailed studlCS or exreriementation 

to verify feasihility and/or identify lower-level pro~lems. 

The integration analysis project ~as carried out over a nine· 
month per led, Janua ry through Septembrr 19:'7 t d i \' ided into tid ee 

phases of appro~imately three months each. Flilly t~o-thiTds of 
the effort was devotrd to examinRtion, ~haracteri:ation, and docu­
mentation of first the existing tower cab environment, and then 

the various new major systems which could impact upon it. This 
left a rather limited amOllnt of time for the ta~k of inteRr~ting 

the information and performing the requisite allalysis. It WU~ 

necessary, therefore, to structure thr analr~is into a ~et of 
pa!"31lel independent studies to c~amine the integration prohlem 
from ·several points of \plew. "'hile the results of each of the 
independent study efforts was e~posed to an exchJn~e revie~ and 
critique, there was dO opportunity to perform 3 second iteration 
through each study to resol\·c points of contention. 

Severnl important factors presented them~elv~s during the 
first t~o pJlases of this integration analysis ~hich infillenced 

the manner in which the third phase ~as structllred. 

1) Each tower :~h is essentially uniqlle in 18yOllt, lise of 

space, and .the variations employed in comhinin~ controller posi­
tions, making generalizations and standardization e~tremely Jif· 

ficult. 

2) The autonomous design and development process of ea~h 

new system cannot adequately address optimum pre~cntation of total 
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cab information and overall workload of the controller from a-r 
human factors point of vieWa 

i 
I 3) The introduction of several large pieces of new equipment
i 
i into "busy" tower cabs is likely to create problems in terms of 

! space and operat ions wi thout rearrangement of work stat i ·'ns and/or
,I ~ . integration of some equipment.

i 4) Several of the propose~ ~-~ major systems (TIPS, TAGS, 
ASDE, and ARTS-BRITE) will result In relatively large to"er cab 
displays.It I! S) Several of the new major systems which were conside&ed 

r! have only a minor link wit~ the tower cab (e.g., M&S); the design 
of several other systems ha"e not been sufficiently well defined, 

I at t~e time of this stud;. to assess their impact on the tower 
cab from an operational. equipm~nt·spaccJ or human factors ,point/ I of view with a high degree of certainty (WVAS, WSD, and DABS dataI 

I
 link) .
 

i 6) Several of the new tower-related major systems independ­

ently involve the use of sensors at the airport site. 

7) Many of the new major systems involve new computer sys­
tems or require-ncnts for computer system' ~ resources or biter'" 

faces. 

8) Many of the new major systems under consideration will 
not be deployed in the field until the rid-1980s or later, thus 
minimizing the issue of time-pha.ing between 1978 and 1985. 

A set of autonomous study activities was formulated to address 

these points. The results are pre.ented as follows: 

Points 1 and 2, generalization of the tower cab environment 
and the integration of total cab information, 3re considered in 
the section on Human Factors Aspects. 

Points 1, 3, and ~, the uni1ueness of tower cabs, and the 
expect~d introduction of large displays into the cab from several 
new major systems, are consideTed in the Operational Aspects 
section. 
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2. TOWER-RELATED MSDP SYSTEMS DESCRIPTIONS 

This ~~ction rontDln~ ~hort J~~crip'lon~ of tl,osc n~r~~ts of 

thl' ~)'Hl''' hl'ln~ ,lrvrlop",1 hy thr ~h:jor Sy.tl'm. lIrv('\"pmrnt I'ro­

gr.... that .(fret thl' towrr CRl> opl'rat Ion. Ami l'nvI ronml'nt • 

2.1 Al RSI'ACJ: SIIRVEILLANCI' 

Tht' nrw "'Sill' ~>·"'tC"m~ whh.-h hu\,(' to do with nin'p:...:(' ~\lrv('il· 

tanc<, Art' ARTS II tA, ARTS t t. 1,,\I\S. :tntl M·II'S,. 

2. I. I ARTS III A 

Tht' ARTS 111 ~>·:.;;t('m ttC"ln,:: In (l{l<'r"lt i(,1l ~H ft- IlirllC."lrts thl'O\l~h­

out the COlintry, nn t'nhn"ct'Mt"nt to thl" ~y~t('m ~nl1('11 ARTS IliA Is 
ht'inR pr~C1Ir('J f~r \I~(' At tht' ~~ Inr~('st uirport~. TII<' ('nl\nn~('· 

m('nt~ ht'lnt: pro\.-url.'J. witl l'fO\·t\1c." tlu" t('\"mlnnl art.. ~ "Tr·:o~·st('m 

with nt'w runction~ .:lull C:Rp •• hilltl('~ tty m('Rn~ of nt'w h:lnlw:1rc,' 

t'lc."mt"'nttc. nn\l :'loftwnrl'" moJut('~. Tht' nt''''" h:tr,hrri:\rt" mfd1l1c,": to ~(' 

~('sIRn~d Rnd rro~LlrrJ will rr~viJ~ thr~~ n~w ctlrtl~ilitir~: 

~lltlrro~r~~or op~rnti~n~t r~m~t~ d~t~ nC'I\li~ition "1,~1 Ili~rlar. 

an,1 U~~ of·priIlHu·~· r:hlnr in t:lr,.:~t·tra,~l.inJ:. Nt'''''' ~ort"':1r~. in­

\.~lu,llnS::I M.\\ltirroc~~~or ~xr"uti\'r. will rrovid~ for the." \."un­

tinu~u~ rt"'corJ.ing of \.~rlt'c:l1 ~'Atn. :lutomnth" (Ault ,lrtC"\.·tlon Rnd 
i~olfttion. And AI,tOM.atic r~~ollfiS:\lrntton nnd rr~tnrt. Thr~r will 
r('"~ult In fnll"~n(('". (all~~nft 2.. ·hour OI"rrRtil'n of thr ~~·~trll. 

AdditionRI softwnr~ will rrovid~ f~r trnckin,.: ~r ~racon AnJ/~r 

primary rAd.r of all tnr~~t~ within coYl'rn~~. Th~ modular eon­
~truction of thr ~oftwnrC" will allC'w thC" lat('r ~d~lltlon of n("w 

or('"r~tionnl fllnction~ ~\Ich n~ ~onfll~t "Irrt nnd mrtrr'll~ ~nJ 

~pncinR. rVrn thr ha,ic ART~ III ~y~trms will ~r \lr~rRdC"J w\lh 

thr \.riticnl \'"ta'rrcordin~ cRrA~ility. 

In th~ towl'r cah, th~ ~ff~ct of Introdncl"~ 'KTS IlIA will 
Arr~nr on thC" RRfTf dt~pl.r with wl1trh ("Rch of thC" cah~ A~~o~lnt('"J 

with ARTS I \I I. r'lul"i'~d. Tr"cHn~ wi 1\ "l'l'l'ar hrttrr - mol'l' 
cQn~i~tC"nt. ~Ith fC"wrr fmlst'" trncl.~ -. and thr ~y't~m ~ill ~r 

ava.ila~l<" \."ontin\lf'lu.;,I~·• .:! .. hO\lr~ n ,lay. 



Eventually. new, al1·digital displays May come into usc, 
these will provide better, brighter pictures at more towers (e.g., 
those remote from the TRACON but within coverage of the sensor). 

The ARTS lilA systems are scheduled for installation during 1978, 
1979, and 1980; remote and all-digital displays are still under 
development and would not be ready before 1985; conflict alert and 
.~tering and spacing are also under development and probably could 
not be implemented before 1980. 

2. 1. 2 ARts r r 

The ARTS II is an air·suTveillance. data·processing. and 
disp~ay system for uSe in small to medium terminal area ATe S)S­

tems. It is modeled after the ARTS III system, but is implemented 
with simpler. less expensive equipment. Provision is made in th~ 

design for both TRACON and TRACA~ installations. The principAl 
difference between them is in the display subsystem, which con­
sists, in the TRACON version, of a number of plan-view-type dis­
plays and one to\;er BRITE subsystem; and in the 1RACAB, of a number 
of. tower BRITE's only. The system is composed of three subsystems 
which perform the functions of data acquisition. data-processing. 
and data entry and display. 

The Decoding Data Acquisition Subsystem (DDAS) (1) accepts 
beacon video and azimuth information form a radar/beacon subsys­
tem, (2) digitizes and decodes it, and (3) transmits video to the 
display subsystem and digital data to the computer. There are, 
besides various control signals, three kinds of input to the DDAS: 
Video, triggers, ~nd antenna synchronization. The DDAS then dis­
tributes video to the display subsystem, digitized range and 
azimuth data to the computer. and s)nchronization data. if rc· 
qui red. to external equipment. 

The Data Processing Subsystem (DPS) is made up of a Central 
Processor Module (CPM), a number of memory modules, input/output 
(I/O) channels, peripheral adapter and control modules, and a set 
of peripheral equipment. 
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Two ba~lc tl'P'" of llata Entrr and lli.play Suh.)'.tem. (IlEnS) 

h4V~ ~~~n d~v~lorcd, one ~hi(h is a n~wly d~Yclorcd, ~clr~cont3incd 

unit for TRACON u.e. and a ."cond which provid". output throuRh 

"xistinR BRITE .ub'r.tell. for u.e in TRA'CAB and to""rs. The co.. ' 

put"r Interface to he .upplied w\.th the BRITE equipment will he .0 

de.lgned that the BRIT!' Suh.y.tem "ill appear to the ,'omput"r 

to h" "x3ctly th" sam" a. th" TRACON di.play .uh.y.te... Ther"fore, 

th" TRACAB and the TRACON ..ay h" .enic"d hy the .•am" computer 

pr0tlra. lolithout differentiatIon ~1~ to C'quipmcnt. and :I]~OI :I 

to..er BRITE po.ltlon cAn he treAt"d A. if It were A TRACON po.ltion. 

The ARTS II computer proRra.. i. orRanl:ed a. a Ma.ter Control 

SuhrroItJ.1m, soll four m3Jor 0Jlt'rntional suhpr0Jtram~: 

3. Input Proccs:dng. 

b. Functional Proce<sinR. 

c. ~('ncon Input Proc('s$in~. a.nJ 
d. Display Ilutput rroc~~sin~. 

Thro MR~a('r Control sllhproRram sch~dult.":: thf' 0rerat ion \.'\{ th~ arcra­

tional subprograms in rf'spon~(' to timer interrupts, external in­
terrupt., and flag••et hy other ouhproRram•• 

The Input Process ing Suhprograln proc(,s5c~ the inpnt s frolD :t 11 

of the device. connected to the DPS: th" llllAS, the llI'IlS, .y<t"m 

p"ripheral., and. if pr"sent. interfacility Teletype lin~. on 

high-sp""d ..ode.... Th" FunctionAl Proce«ing Suhprogram 1. a 

COllection of rOlltin('~ which \.~arr,.. out All of th~ rcquC'~tC'd mani· 

pulation5 of fll~ht dntn, mnintenance of fll~ht dntn tahle~ in the 

.." ..ory, and s<'lectlon of datn from the.e Uhleo for dl'l'ln). 

ThC' ~cacon Input rr~cC'~~in~ Stlhrro~rnm j~ rC'~r~n~ihl~ for 

acc~rtin~ h~Acon r~rly m~~~nR('~ (nftC'r thC'y h3Y~ h('~n h\lff~r~J 

by the Input rroce«inR Suhprogram) on a ..."ep-to-sweer ha.i., And 

for prodUCing tl.1rJ:ct rt'rort~ containing rnnJ:t'. :t::imuth. ht.~n"on 

cooC'. and moJ.~ C coJt"'. thC' l:a~t~n:am('J. ht'lng \.~on\·('rt.~...1 to nltitullt' 

by the appropriate Functional Suhprogra.. ta.~ mentlone,1 aho" ... 

Th" Ili'rlay Ontput rrocc<sing SlIhpro~rnm hn. th.. .tot> of pr.. ­

paring and maintaininR all di.plav tahle. no ".I In the .v.tem, and 



of managing the I/O command lists in such a way as to insure that 
all of the requtred data are dIsplayed. 

The ARTS II .ystems are scheduled for installation during the 
period 1977 t~rough 1980. 

2.1. 3 DABS 

The .oiscrete Address Beacon System (DABS) is a surveillance 
system under development which 

1) is compatible with the current ATCRBS. 
2) relieves certain interference and capacity problems of 

the ATCRBS, 
3) provides increased precision in the measurement of air ­

craft position, and 
4) incorporate~ a two-way digital data link which could be 

used for ATC or other use. 

These system characteristics are made possi~le by a careful system 
design which uses a site-located data processor to schedule and 
manage the communication channel. and monopulse tracking both to 
increase the precision of lIleasurment and to decrease the nllmber 

of interrogations needed per target. 

The effect of DABS on the tower cab operation will be largely 
indirect. appearing as better tracking in the ARTS system as 
displayed on the BRITE display in the cab. If the data link were 
implemented. some of the communications load On the controllers 
could be relieved. 

The DABS is still in the development state; the earliest 
deployment would be in about 19B5. 

2.1.4	 ATCRBS Monopulse Processing System (AMPS) 

In the DABS design, RF radiation time is shared hetween DABS 
and ATCRBS. To provide DABS with enough time to carry out all of 
its functions. the ATCRBS share is set at around 25 percent. The 
effect ~f this reduction is to cut down the number of ATCRBS re­
plies received from a target from about 20 to about 5 as the beam 
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passes it. Since the current target-detection :l\~orlthm wed in 
ARTS aoll the COM(\h JligitLtc-r (rn) wi)) not work with ~o few hi1~, 

a new 5chc.e had to he developed. The schcmc proro~(' with JH,tI'S 

uses .onopul5c tracking, ""heTein the return from NH':I rul~c of 

radiated energy giv("s inforll:Jtion on hath rnl.'~C' ~"1l1 anJ:ular .lis 

lance fro. the centerline of the rC'cC'ivin~ antC.I";I. Th\I~, ~I sill~l~ 

return is sufficient t~ deter.inc J)osition aJthou~11 ill ('r~ctic~. 

three or four returns arc nvcrn~rd to insllTe aecllrlley. 

~hrC'c groups arc workin~ on th~ mOllolulsp l)rOc~s.sil":. p~lcll 

with it~ own point of viC'w. lhr system Iluilt '1)" ~Irl"~ '.iIICt'ltl 

Lahoratory anJ ARO-l40 usrs the latC'st, nll)st-sOI)f,isti~atl',1 JC~i~II, 

.and is a mohiJc- unit mountC'll in .1 v~ln. It will hl' 0IH..".-.I"·11 UlIlh-.' 

var)-in~ conditions in many part~ of thl' "."Olillt ry 10 la'st fur l'H 

vironment31 unat intcrfacC' C'ffC'cts in actual ".orlo.inJ.:, :-.lIrnHlIldin)'.. ·.. 

In use t the \'an is par\.C'd a~ near th,,· tran~nlittin': .wtl'nll;, :1 ... 
• 

(los~ihlc, and the rc\."C'ivinJ.:, antl'nna i~ al iJ.:,lll·d at,,1 ~)'Ill hrolli;o.I·,1 

... ith it. Tri~Af'rS arC' rdcli,('lI off from tht' tr:msmith'l ;wd ll~I'd til 

~yn("hronize the monopnlse rC'~eivcr, ",hos(' output l':111 hi' l"I'cortlt'd 

on tape (or IntcT analysl~. 

In tht'" mt'antiD'le, Texas In~trumC..'nr:-:. "K. t h;ls hllift iI \'l'ry 

slr.lilar dC'vice and packalo:C'u it as pa.-t uf the IIhllS ~itl' l·lluil'ml'llt. 

This rect'"iver will he integTutC'd into tht'" rC'"t of thl' ·;y .. tc'JI., awl 

tested (or compat ihi I ity and pt'rformam,-(' llurin.: !)hllS ,lc·v(·I0i'"lt"llt. 

The third version of the equipment has hl'l'n huHt tor ,\HIt III. 

hy UNIVAC 
t 

anll is comhinC'lI with a to'o\'in~ T~lq~l·t IIl'tl·"I I II· {~nll' 

into a unit which is called the Supt'r·SltAP t or SltA" II, i" H·ff'. 

cnce to the Sensor RC'cC'iver nnd rrocl· .. ~or ('''tAP) h('inl', (h"ve'ln,wel 

for the Enhanced ARTS III proUral'l1. The "ilJper-SH,\P wi II llC" I.P.I·~J ;" 

S:\FF.C in a proR,ram to dC'vC'lnp And opt imi:e tlH.· AlnS ~nf"'o:In' ill 

vol\'cd ""ith usc of thi ... C'quipmcht. 

The monopulse equiJlIllent can h~ usuJ u'; "art IJf n" ""f.l"~'. ;""'11' 
or as part of the OAllS, ",h~rc it Ilaoll1(... !tIC' "'ICI·B~; pr,.-t if.1l f)f tIll' 

proc("ssing. [r u~C'd alone, it con ... j,.;t .. I){:I n("'\o, (r'·L·I·ivill.',1 

L.ntenna. a multi-chann~l rC'cei\'C'r, 11n\1 :a ,liJ:it iter-I'rl'''' •. ·,·.rJr. 'II", 

output of the Pl"ocC"s~Ol" i~ :->('nt hy flhnn(· I in~ tlJ th" ;.",,) {'Jl' ,Vlf ( 

J
(
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pr~cessor for use. If used with DABS, It consists of the receiver 
arid diai:izer-processor. w~ose output is used at the DABS site to 
develop the final outp~< :~ the ATC pro,essors. 

!he AMPS·is only in the development phase; if it were to he 
deployed, it would be about 1985. 

2.2 AIRPORT SURFACE SURVEILLANCE 

Two related MSDPs will contrihute to the surveillance of 
traffic on the airport surface. The first is the ASDE-3, a new 
airport surface detection radar; the other is the surveillance 
data-processing and display system called Tower Airport Ground 
Surveillance (TAGS) system. 

2.2.1 ASDE-3 

ASDE-3 will he a primary ground-surveillance radar intended 
to replace ASDE-2 at the current ASDE-Z sites, and to perMit a 
wider deplormel,t than is now present with ASDE-Z, The unit will 
have the same antenna-rotation rate as ASDE-Z (60 RPM) and a Dis­
play Enhanceme.nt Unit (DELI) to improve the airport map and elimin­
ate unwanted ground clutter. The bright display will likely he the 
NU-BRITE display recently developed for ASDE-Z. lIowever, as an 
alternative to NU-BRITE. a digital-scan conversion systeD' will he 
developed for use with the ASDE-3 engineering model. ASDE-3 will 
be a aodern solid-state radar. Reliahility will he high. In addi­
tion, the system parameters will he considerahly different from 
those of ASDE a 2 in order to improve th~ ~y~tem performanc~ during 
heavy precipitation. ASDE-3 will he developed to he compatihle 
with the recently developed Nil-BRITE. Except for improved rainfall 
performance. ASDE-3 will look (in the cah) the same as ASDE-Z with 
a DEU and the NU-BRITE. 

ASDE-3 is currently in. the development phase. If it were 
procured, the earliest installation would he ahout 198Z. 

l-t> 
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2.2.2 TAGS 

ASDE-3 will provide the cab with a plan-view display of the 
Airport Moveaent Area (ANA) and the loca~ion of surface traffic 
on the ANA. The purpose of TAGS is to add flight-identity infor­
aation to such a plan-view display. The objective i. to eliminate 
the need for the controller. to u.e the voice channel to obtain 
flight identity a. i. now done with ASDE-2. The chief user of 
TAGS will be Ground Control (GC) although it will also be provided 
to Local Control (LC). 

Several TAGS concept. are currently under consideration for 
developaent. The aost likely to be developed i. one with it. 
presentation based upon ASDE-3 (With DEU) and its identity infor­
aation provided by ATCRBS trilRteration. Therefore, TAGS will 
probably look the sa.e as Figure 2.2-1 to the controller. Thi. 
sy.tea will require two different surveillance systems, ASDE-3 to 
present a plan-View display and ATCRBS trilateration to provide 
identity and aircraft location to permit tagging each radar target. 
Since the .ystea will coabine both sensor systems, it is teraed a 
hybrid .ystea. The TAGS sensor, in this case called ATCRBS trila­
teration, does not use the beacon in a secondary radar aode but in 
a special around-surveillance mode. Special interrogators would 
successively scan s.all cells (ISO by ISO feet) on the airport­
aoveaent area, one at a tlae. The beacon signals would he r~ceiv~d 

at aultiple receiver stations, and the beacon location determined 
by trilateration computations. Beacon code would also b~ rer.eived 
and recorded. As with digitiled radar, the positi~n data would be 
processed by a filter tracker to prOVide smoothed position and 
velocity. Unlike digitiled radar, beacon code would also be avail, 
able. Automatic correlation with flight plan data readily obtained 
froa ARTS would eliminate the need for nearly all aanual entry by 
the controller. A functional block diagram of the trilateration 
sensor.portion of TAGS is given in Figure 2.2-2. 

If TAGS were to be procured. it would prohahly be fir~t in­
stailed about 1985. 
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2.3 TOWER FLIGIIT nATA PROCESSING -- TIPS 

TIPS will acc~pt, proc~~~. Ji,trihute, and Ji~plfty flight nnd 
othf>r nO!l-radar data for an f>ntire tf'rulinal area. ThC' $)'stcm will 

replace' the tray of paper-flight strips at each tO~f'r cah and 

TRACON control pO$itioo with f'le~tronical1r displayed datA on a 

new t~hular display. 

TIPS will int~rfac~ with th~ hoot NAS comput~r and th~ ARTS 

III comput~r hv m~nno of th~ T~rminal FliRht nata rrocr••or (TFnr). 
Thh PTOC("S~('IT "ill he collocated with the' ARTS 111 coml\uter. Rnd 

, will maintain th~ data has~ of fli~ht and oth~r non-radar data for 
,I 

th~ ~ntir~ trrminal ar~a. Th~ data h~.~ will h~ mad~ up of fli~ht 

dat~ I TovideJ hy th~ hO$t NAS computf'T and hy the tf'Tmin~l area 

controilt."Ts hy means of their inJi\'idual kt"yhoard!i'. Tht'stored 

data will include all ter~inal flight rlans and contTol informa­

tion, such ao IFR fliRht plans, VfR fliRht data (~.R., TrA-r~lat~d 

information). airport status, Sotic('s to Airm('n (N0TA~Sl. activ(' 

I'unwar~ ...\utom3tt"d Tl"rminal lnformat ion St"rv .... ct" (ATIS). and ml"tt"­

orological data. In addition to mailltaining this Jata h~st". tht" 

TFflP Opl"Tat ional pTogTam will 111'oct"s~ and TOUtt'" incominl:, ftlIl"~~ag.t"s 

.to tht"ir propt"T destinations. will provid~ flight data to tht" host 

ARTfC. TRACON. and clit"nt contTol to"'t"TS in a timel)" mannt"T. lind 

"'ill automati.cdll)' computt" Tun"'lly B!i':dgnmt"nts for op('rations at 

the c I it"nt cont 1'01 to"'t"TS. 

TIPS has dt"v('loped a 5ch('mt" fOT routing Jata from on(' control 

position to its handoff contTol position that TequiT~5 a minim\lm 

of buttonpushin, on the part o( thp controller. This scl\cmr is 

hased on TIPS having. lnowlt"dl:,e of th~ T\ln"'ftY assignm~nt5 of th~ 

aTrival anLi drpaTtuTe' opt"'rations in the trrminal NT('a. To TrJucC' 

the numbt"r of Tumll'ay aS$ignments that contTollers ","ould ht.. Tt"qU\Tt""t 

to inrut to TIPS, TIPS t.;ill automaticall\" compute an\1 di~pla)" the­

routi,n{" run"ay assil:,ntllt"nt fOT t"ach llrrival and dt"rlilrturt" ol'l"ration. 
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Only when the 3~:dgnfttent is in crror, would 3 control It-." he re­
quired to make an inp~t to TIPS. 

The Terminal Flight nato rro~essor will h,c('rfocc·.with a ~ct 

of display procc~~or5. Thcrc will h(' 0 di~play procc~~or for the 
TRACON and one Cor each client tower cah helng ser~lced hy TIPS In 
the terminal orca. Each di~play proce~sor will maintain the TIPS 

di~play prcsentations at that facility, will pro~~~~ controller 
inputs, and ~ill p~rform ~y~tcm-monitorin~ and COlltTol rUI:ction~. 

The processor will he pr~~r3mmed to permit operational po~ition~ 

to he comhincd. ~pJit. 0:" shifted from onc display and data entry 
unit. to 3nother. 

Edch tower cah and TRACD~ controller will ha~e a tahular dis­
play for flight dat3 3nd t~o data-cntry devices. Onc d3ta-cntry 

device will he an ARTS III-like keyhoard. and the second data­
entry unit ~ill ~(' 3 "qtlick action" deVice. In aJJition. TRACON 
T3dar control1cr5 ~ill ~~ ahlc to di~rlay SLlmmary fli~ht data on 
thcir Plan-Vic~ rn~play~ on a "quicl. look" "u~i~. 

TIPS in~tallations ~ill take place, under Cllrrent ~chcdulc~. 

hetween 1982 and 1985. 

Z.4 WEATIIl'R- RHATEn SYSTEHS 

Thcre arc three 50-cnlleJ ~cather-relatcd systc.~ within the 
~Iajor Sy~tcm ne\'clopment Program: 

\,	 Vortex Advisory Systcm (VAS'.
 
Wake \'ortcx Avoidance S~'stem (\\'\"AS). and
 

3.	 WlnJ Shear netection System (WSnS). 

:.4.1 nescription of VAS 

The VAS consi.sts of a "'cteorol0J::ic31 SuhsYfotem. inchh.iini: 

to'-"crs. ~ind scns.ors, and to""er communications; a "Iicroproc('s~or 

Suhsystem.• ~hich incluJ~s proc~~~or5 for thc met~orolo~icnl d3ta 
and for the \"·\5 3~gorithm; and a ni~plar Suh~ystem. comprising. a 

runway display for thc controller, a 5YSt('m-~tntus di~plny. a 
maintenance di~p13Y, anJ a recordinf: c31';;ihilitr . 

....
 
, 
\ 



2.4.1.1 Meteorologi~al Suhsvstem 

a. Meteorological !~wers 

The VAS contains a network of instrumented meteorological 
~owers whose signals are transmitted to a centrally located pro~ 

cessor, which uses a simple algorithm to determine if wind condi· 
tions will ~11ow vortices to persist. and then di5~~"YS thi~ :ofor­
mation to the controllers. The tower network consists of seven 
SO-foot meteorological towers positioned to measure the wind close 
to each operating corridor. 

h. ~Ieteorolosical Sensors 

Each tower is instrumented with three ~ind·velocity sensors. 
one at the SO- foot level and the other two at the. 47- foot level. 
The 47'{00t sensors are mounted On opposite sides of the tower to 
provide a measurement undisturhed hy tower shadowing. 

c. Tower Data Communication 

Transmission of the data from the set of Widely dispersed
 
towers to the centrally located processor is accomplished with
 
standard hardware. On each fower, a mUltiplexer succe~sively
 

samples the sensor outputs and conv~rts them to a digital word.
 
This word is serialized and transmitted over standard existing FAA 
control lines to a central facility where receivers reconv~rt th~ 

. data to a parallel formllt tor input to a microprocessor. 

2.4.1.2 Microproce5sor Subsystem 

Individual microprocessors are used to process the data re­
ceived via a signal wire pair from each meteorOlogicAl tower. The
 
micruprocessors contain 8K of Read-Only-Nemory and 8K of Random­

Access-Memory. Each microprocessor is packaged C~ a single plug­

in board, an Intel Model SBe &0/20.
 

The microprocessor:. sample the meteorological data output from 
~ach data receiver at a rste of two samples per second. The sampled 
wind speed (R) and wind direction (~) are used to compute one­
minute running averages (~ and ~). 
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Thp VAS proc....or. output lah.. l ..d data onto 0 data hu. with 
th.. following Informot Ion for ..och op...otlnll r ..glon: If to 1 knot, 
0' to 10 dCRr('('~~ Ilu~t (If appllcahlol to 1 knot, tho vortC"x ('on· 

dltlon REIl or (;REliN for "Ach londlng runway. And hi lur .. m... 'ag.... 

2.4.1.3 IlI.play Suh'pt ..!'! 

a. Runwa,' Monitor IlI.play (R~n!l" 
Th...y.t ..m Int .. rfAc", with th .. Air traffic conlroll .. r. yla th .. 

VAS RunwAy Monitor IlI.ploy. Th .. contrail ...... I..ct. th .. op .. rotlnll 
corridor, and d.. ,lgnot..... Ith.. r th.. arrival (A) or d..partur.. (Il) 
runway. The dl~plny thrrc.rtcr Rcc~pt~ dotn with tl\(' corrp~pondlna 

lah .. l from tho ~ot. hu.. Thp controll .. r dl.play proyld In digi­
tal form th .. wind dlr ..ctlon, magnltud.. , Ind gu.t In th I ..~t ..d 
r"lIion. If arrival. ar.. h.. lng hondl ..d hy th .. controll .. r. th .. Jl.­
play lodlclt ..d 'f th.. vort ..x condition. r ..qulr .. a 3-, 4-, S-, or 
6-mll .....parotIDn h.. tw....n Aircraft (ROil), or if on all I-mil .. 
...parotlon (GREEN) mol' h.. ",,,,1. If d..portllr... ar.. h.. lng hon,lI ..d. 
only th.. wind con,lltlon. ar.. dl.plny..d, olld th.. REIl/GREliN IndlcA­
t Ion:" dTt" hlltnkcc.1 Ollt. 

h. VAS Sy.t ..m Monitor Ill'plov PMI~ 

, , Th.. VAS Sy.r ..m Mon I tor Il l'I'In~' .how. th.. wi n,1 m..n.llr..m..nt< 
from All towers slmultAn('ou~ly, d~ well R:" the Rcd·Gr~cn ~t.tus 

of a 11 runway.. Th .. dl.play cOllhl h.. 11... ,1 hy th... TRACON a11,1 cah 
.up.. rvl.or. to ... tohll.h op.. ratlng runway configuration. III con­
Junction with oth.. r alrport-op.. ratlnll con.ld.. ratlon. or coo· 
straint•. 

The:- VAS ('lcctl"onlc~ COIl!l:olC" 01:'0 hou.~('~ the VA::; malnt<."nltn('(' 

~\ths)·:-:t('m!". n StoHl, ~(')'honrd. nnll prlntC"r, u:-.C"d to monitor :ty~t('m 

op.. rotloll. 

d. VAS lJoto-r ..cording Spl ..m 

Th.. nlta-r..cordlnll Sy.tem c~n.l.t. of a nln.. ·tr.ck digital 
.agn.. tlc top.. unIt with hurf~r .. I ..ctronlc.. All d.ta ...nt to th.. 
VAS Runway Monitor nl~play, th.. VAS Sy.t ..m ~onitor IlI.plav, andi 

I , 
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the VAS System Maintenance Olsplay are hlocked and recorded Con­
tinuously on this unit. 

VAS Is scheduled for deployment at 11 airports durlnR FY 79. 

Z.4.Z	 Oescrlption of WVAS 

The WVAS Is hased on adding to V,\S two features; namely. 

8. Positive-sensing of ~round vortex conditions to augment 
the prediction hosed on meteorological tower data, and 

b. Expansion of the microprocessor to allow calculation of 
the spacings as a function of aircraft type. 

For	 an 6pproximate description of WVAS. one may take the pre­

ceding VAS description and add the followinR: 

2.4.2.1 Ground Vortex Sensors 

The ground var.tex scn~ors would d.etcrminc, for each aircraft 
landing, the actual vortex dis~ipDtlon time, or time of transla­
tion out of the a~proach corridor. Several sensor types are 
possihle: acoustic doppler, pulsed, or CW laser anemometer. At 
present, a linear array of anemometers deployed at right angles to 
the runway appear. to he the most likely sensor choice. 

The detection of vortices hy these sensors Is based on the 
fact that the pressure and velocity fields associated with a low­
altitude vortex extend to the Rround and can he detected hy 
ground-h85cd sen~ors. The array of anemometers would measure the 
component of wind perpendicular to the aircraft fllRht path. Since 
most	 of the vortex velocity field is in that ~irectlont the p8$Sage 

of a	 vortex overhead will cause a larRe chanRe (Increase or de­
crease) in the amhient cros:r;.~wind veJocitr. 

2.4.2.2 Mini-Computer 

One processor must he capahl~ of performing at least the fol~ 

lowing functions for each instrumented runway: 

a.	 Met tower data-sampllnR. 
b. "ret tower data·averagint: t 
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c. To~er sensor failure detection.
 
d•. Kind speed and direction calculation.
 
eo. Gust calculation, 
f. Ground sensor data-sampling. 
g. Ground sensor data-averaging. 
h. Ground vortex detection.
 
i .. Ground vortex motion calculation,
 
J. Ground sensor failure detection, 
k. Calculation of ground vortex motion and ~ind information, 
1. Aircraft-type data acceptance and checking. 
m. Spacing calculation, and 
n. ~arning check. 

In addition to the run"ay-specific functions abo\"e, the pro­
cessor must also output system status information, including ~en50r 

failure status.. 

""AS is tentatively scheduled for deplo)"ment in about 19S2. 

2.4.3 Possible Kind Shear D~~ection Systems 

So Kind Shear· Detection System has been selected or designed 
for future installation. At present, it is possible onl)" to de­
scribe in general terms several possi~le ~rs.tems undergoing re· 
search and development. 

2.4.3.1 Lo"-Level ~ind Shear Alert System (LLKSAS) 

The intent of the LLKSAS is to utilize additional anemometers 
on 20-foot to~ers around certain airports to detect propagating 
~ind-change zones that intersect the ground. LLKSAS is designed 
to detect horizontal ~ind5 associated ~ith cold fronts and thunder~ 

storm gust fronts. It "ill not detect elevated fronts such as 
~arm fronts aloft: nor ~ill it give information on vertical ~ind 

profiles. Finally, although it "ill not give any information 
along the flight path, per se. "ind shifts observed at the surface 
can often be inferred to exist several hundred feet aloft. 

LLKSAS is a real-time, co~puter-controlled, data acquisition, 
analfsis. display, and recording system. It takes the ~ind-velocitr 
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data that are received from th~ re.ot~ ane.ometer't and compares 
these data with the' centerfield anemometer output. Wind-vector 
differences are computed hetween each remote anemometer and the 
~enterfleld anemometer (CFA). If the vector difference Is large 
enough (currently IS knot.), It will he Interpreted to mean th1~ a 
'I~nlflcant horizontal wind shear is present which might he hazard­
0'15 to aircraft operating In the terminal tone. If a significant 
wind shear condition Is detected, LLWSAS alerts the controller hI' 
displaying the wind speed measured hI' the anemometer that cau.ed 
the alert on a digital display located In the tower cah, accompa­
nied hy an audio alarm of ahout l-.econd duration. 

When the alarm Is received, the tower controller will provide
 
pilots with an advisory which Includes the centerflold wind plus
 
the remote site location and wind information that Is disl'layed.
 

Z.4.3.Z Gust-Front Warning Svstem (Gr:WS) 

Three meteorological parnmeters that occomllony f'ach gust have 
heen idontlfied. In the order of their occurrence, they are: a
 
pressure Increase (hut not necessarll)' a jump), a wind shift, and
 
a temperature-discontinuity drop. With that sequence of events
 
in mind, the FAA sponsored the development of a comparatively
 
simple detection techaique calleJ the Gust-Front Warning System
 
(GFWS), consist Ing of arrays of pre..ur~- jump sensors (P.IS) strate­

glcally deployed on and off on airport. Each P.IS Is callhrated to
 
send a coded signal via a leased telephone line to a central data­

recording and test display con.olo l"cated In the hase of the con­

trol tower. A signal Is sent when a pressure rise of O.S mh In
 
lZO seconds Is er 'ed or exceeded at an)' site.
 

A vertically scanning prohe will he coupled with GWFS and 
used primarily for the detection of frontol- and Inversion-related 

,shear. Two devices ore currently candidates for further ~.velop-
' ..ent In this area. One Is the duol sensor acoustic Doppler radar, 
and the other Is the complementing pulsed EM Doppler radar which 
has been Installed for testing at Dulles. rogether, they form a 
dual vertical profller 5ystem for all-weather detection of wind­
velocity In 30-meter Increments from ahout 30-to the SOO-metor level. 
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2.4.3.3	 Advanced Ground-based Detection Devices 

Several advanced ground-based sensors for rem~te atmosphere­
probing have shown promise for the ~ISDP Wind Shear Syste... All are 
in an early.stage of development, and no complete systems have been 
formulated	 about such devices. 

The major candidates are: 

a) Pulsed Doppler Microwave Radar, 
b) CW Laser Radar (Laser Doppler Velocimeter), 
c) Pulsed Doppler I.aser Radar, and 
d) CW/FM Microwave Radar. 

2.4.3.4 Airborne Wind-Shear Systems 

Several Airborne Wind-Shear Systems are being developed, which 
do not, however, interact directly with the ATC system. Among the 
concepts being investigated are ground/air-speed comparison, wind­
difference calCUlation, and modified control laws/algorithms for 
the flight director or thrust commands. 

The various wind-shear detection systems are currently under 
study; no plans fOl deploY~ent of other than experimental systems 
h.we formulated. 

2. S	 mCROWAVE LANDING SYSTEH 

The ~Ilcrowave Landing S)'stem (HLS) is a precision approach­
and-landing guidance system designed to satisfy all present civil ­
aviation requirements and those that can he foreseen for the next 
30 rears. 

MLS Is an "a ir·derived"·sy"stem in 'Which the aircraft deter· 
mines its own position directly and independently of other on­
board or ground elements of the ATe system. This system embodies 
three major categories of measurements used in deriving the three­
dimensional guidance information as follows: 

e. Angleaguidance measurement in azimuth and elevation u~ing 

the TRSB technique at C-Band (or Ku-Band for special applications), 
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b. Flare guidance by the standard radar altimeter, or. alter­
n..tively, by the TRSB technique, and 

c. Range measurement using a precision L-Band Distonce­
Measuring Equipment (DME), designed to be comparihle with existing 
systems. 

An aircraft determines its posItIon by making the following 
three measurements: (l) approach-azimuth angle referenced to the 
runway centerline. (2) an elevation-angle measureMent referenced 
to the horizontal. and (3) a range measureMent referenced to the 
azimuth/DME site. The TRSB MLS is used to Make the azimuth and 
elevation·angle measurements. 

The TRSB technique consists of two basic eleMents: (a) the 
ground subsystem which scans the coverage volume in azimuth and 
elevation while transmitting coded signals to the aircraft. and 
(b) the airborne subsystem which included a receiver/processor 
with outputs to standard displays in the aircraft. 

Deployment plans have been developed covering a phased in­
stallation over the period 1980 to 2000. 
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3. OPERATIONAL ASPECTS OF "SOP SYSTEM INTEGRATION 

Th~. introduct ion of th~ MSDP ~lements into the ATC system has 
the potential for causing difficulties of various sorts. In parti· 
cular, the installation of the Display, Data entry, and Control 
(DOC) units in the tower cab and of the sensors and supporting 
structures on or near the airport surface could cause prohlems of 
a physical or op~rational nature. Two studies were undertaken to 
investigate aspects of these prohlems; the first addressed the 
tower cab physical layout, and the second examined the feasihility 
of sharing equipment towers among senso:,. from diff.. rent systems. 

The objective of the cah·layout study was to estimat .. the 
minimum integration of equipment requir~d from a cah-operations 
viewpoint. IntegratIon for cost reduction was not considered. 
The questions addressed were: If the current cah ..quipm..nt and 
station layout were to he maintaineu, and the major nne unIts 
were added to the coh, 

a. What would be thu impact on th .. controller duti ..s and cah 
op~rntionT 

b. Would the res'.1ting op.. ration appear Bcceptahl .. ? 

c. What equipment must or should he integrated to achieve 
"satisfactory performan~e? 

In examinIng these questions, only the major nnc units were con­
sidered since they would have th" principal impact on the cah. 

The approaCh taken in the study was to select airports from 
each of the critical equipment~hased c18ss~~; i.~., classes for 
which two or all three major equipr.ents (ASTC, TlrS, RRITE) would 
be installed. and to perform detailed analyses on ea~h airport. 
From these analys~s. th~ results were Rcnrralitcd to their respec­
tive classes as much as possihle. Th~ study of th.. Los Angel~s 

tower cah is summarized in section 3.1 helow. 

The sensor-integration study investIgated the feasihility of 
collocating the TAGS and VAS sensors on common towers. The analysis 

. for the installation at O'Hare is summari:cd in section 3.2 hclow. 
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3.1 LOS ANGELES (LAX) TOWER CAB STUny 

The LAX airport layout with the cab location Is shown in 
Figure 3.1.1. The cab is square and is aligned with the sides 
facing the co~pass directions. There are two sets of dual-lane 
runways, the 24's on the Northside, arid the 25's on the Southside. 
The airport operates arrivals from the east and departures to the 
west about 70 percent of the time, and this Includes the high­
activity periods. Normally, arrivals land on the outside runways. 
There are six satellite-type terminals, two on the Northside and 
four on the Southside. One-way flow restrictions for· large air­
craft moving between and around the satellities require Ground 
Control advisories. This necessitates Tamp surveillance which in· 
creases their ~ork load. Noise-abatement procedures and terminal 
layout place most operations on the Southside runways. Most flights 
originate or terminate at the four Southside satellities. For 
these reasons, the Southside is of primary concern to the cab 
(particularly Ground Co,trol). 

Helicopters operate in to and out of the pad shown in the 
figure, 8S well as other areas in the general aviation and manu· 
facturing area. Operations cross the approach ends of the 24's 
at about 500 feet of altitude, and the 25's between the approach 
end and the crossing taxiways at about 1500 feet. 

The controller stations are indicated in Figure 3.1-2. The 
Ground Control position is staffed only in the event of unusually 
high operations rates or operational difficulties. The Line of 
Sight (LOS) required by eaLh controller is shown in Figure 3.l-~ 

with and without the Northside Ground Control position staffed. 
The LOS was established by correlating Viewing angle from the cnb 
with area of responsibility. Also, shown in the figure, is the 
BRITE Viewing area. The large "footprint" on the floor surrounding 
the local controllers represents the area within which an ohserver 
will be able to read the ARTS alphanumerics with 90-percent 
accurac .". 

As ~een in Figure 3.1-2, the controllers have good LOS to 
their area of responsibility. The only potential interference 
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would involve lIelicopter involve lielicopter Control (IIC) , parti­
cularly when the Northside Ground Control is staffed. IIC ~'il1 

tend to block the view of LC2 when marking flight strips or scratch­
pad. and LC2 ~ill tend to hlock the IIC dew of the BRITL Some 
movement to avoid this hlocka~e i~ rcquired, hut it!' impact would 
he slight. 

While LOS requirements look good, the flight-strip flow .ppe.rs 
laborious. Due to the layout of the cah, there would he a great 
deal of movement reqUired for Clearance Delivery (CD) to p.ss 
flight strips to Ground Control (GCI and GC~). If CD and Flig~t 

Data (FO) were moved to 3 location clo~("r to Ground Control, say 
at an island ncar the stairway, the strip flow would he bett~r, 

hut the controllers would interfere with the LOS requirements of 
Gel when Ge2 was not staffed. Therefore, at Los Angeles, to limit 
the movement required of en, the ground controllers do not usc 
flight strips except in special circumstancc~, they usc only a 
scratch pad. CD then h.nds off the flight strips directly to 
Local Control or lIelicopter Control for their use. 

During poor cah-visihility conditions, the AsnE radar is used. 
Figure 3.1-3 shows the viewing are's for hoth ASOE and the BRITE 
and the controller locations which must he taken to view them. 
While ASDE does not prescnt alphanumerics, the same viewing 3re3 

that is used for the BRITE is assumed. ThC" requiremt'nts which 
would dictate this vie~ing area arc target-ht'ading discrimination 

and position resolution_ 

In examining the poor cah-v:sihility op~ration, LOS to the 

surface must he considered. Poor cah-visibility rarel)" eliminates 

all view of the surface, and controllers generally pref("r direct 

viewing tc the'rndar presentation if possihle (".g., close in to 

the ramps). 

As can he "een frOID Figurl' 3.1-3. the ground controllers (GCl 
and Ge2) must stand away from their station some~hRt to see the 

ASDE at a good viewing angle. Some mov("ment hack an~l forth hetween 

their station .nd the r.dar would he expected to permit scrntchpad 
marking and a good view of the ramps (if vi.ihle), hut the imp.ct 
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would be ~in"r. Southside Local Control (LCI) must move hack away 
from his. station to see the ASDE. Since .the viewing areas for the 
BRITE and ASDE intersect, the controller can view the ASDE without 
losing the use of the BRITE. However, wilen using his flight pro­
gress strips, he will have to leave the ASDE to return to his 
station as does Ground Control. 

The most serious viewing problems appear to occur ·n the North­
side between HC and LC2. The local controller has priority on the 
use ~ ~ the surveillance equipment, and must move in to the lie 
station to see the ASDE. HC must either move close in to his sta­
tion, precluding his use of ASDE, or out away from his station 
behind LC2. When out away from his station, he can see both the 
ASDE and BRITE but cannot keep notes. As LC2 and HC find it 
necessary to go to their stations to take notes or mark strips, 
viewing loss and interference could be a serious prohlem. 

A. potential solution to the HC/LC2 viewing problem is to add 
an ASDE display to the cab hung beside the Northside BRITE on a 
double yoke. 

The equipment layout and controller-viewing areas for the LAX 
cab in the late 1980's are shown in Figure 3.1-4. The TAGS dis­
.play is shown simply replacing the current ASDE. TAGS would then 
provide two independent channels with each channel being shared 
by a ground and local controller. While sharing TAGS between 
ground controllers is not considered acceptable due to the large 
number of surface targets, sharing between ground and local con­
trol would probably be acceptable. Each display channel would 
identify onlv the targets corresponciing to the user ground con­
troller plus relatively few Local Control targets (with the depar­
ture queue suppressed.) The TAGS controls and keyboard would be 
located near Ground Control, the primary user. 

The TIPS display units (with "quick action" data entry) are 
shown pedestal-mounted from the floor except for the one used by 
Flight Data. ;. that location, the unit was console~mounted in 
the space left by the FDEP removal. The TIPS keyboard is assumed 
to be integrated with the BRITE keyboard for Local Control to 
reduce multiple keyboards. 
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·' 
'The BRITE displays are located as they currently are. BRITE 

controls are added to the console in currently empty locations. 
BRITE keyboards are assumed integrated with TIPS keyboards, and 
are left on the counters near the displays. 

Th~ addition of the MSDP equipment has both positive and nega­
tive effects on the cab operation. These effects are listed as 
follows: 

3.1.1 Positive Aspects 

8) Flight identity is provided to Ground Control via TAGS to 
assist control under poor cab-visibility conditions • 

•1 
b) Inter-controller handoff of flight data is facilitated by

, I 
TIPS. permitting Ground Control full access to flight data.'I 

j 
c) The LCZ/HC interference problem discussed previously with 

regard to ASDE and the BRITE is somewhat reduced with the introduc­
tion of TIPS. 

" 

3.1.2 Negative Aspects 

a) When mounted On a floor pedestal, TIPS may interfere with 
access to console-mounted controls even if the floor mount is low. 
However, the controller can move around TIPS, and can rotate and 
tilt the unit up to facilitate reaching the console. 

b) TIPS displays and the TAGS, TIPS, and BRITE keyboards 
take up considerable counter spa:e. Writing space for note and 
recordkeeping is very limited for both ground controllers and for 
Helicopter Control. 

c) The shared TAGS display while acceptable with respect to 
alphanumeric clutter. will compromise the H qu ic1c look ll and "two­
presentation" select options. When shared, these options will have 
to be set up 50 as not adversely to effect the local controller. 

The eqUipment installation in a more Or less add-on fashion 
appears acceptable under the following conditions: 

1) The Ncrthside tocd Control and Helicopter Control posi­
tions should receive at least a TAGS repeater to relieve the 

, 
-~ , _.~. ~. ~ "" ..... --. 't.-.-,,:~.,: .•:~~~:..~, .,;:"".....t~" ... "<I~~ '..T,"~~:l'"1;.;i":!' .... ' ~"~;:",,,lI't'~ _"'./ ",,',.' _ -'""_ .. J
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interference problem cited. This would even seem advisable now, 
with the ASDE system. 

2} The ,IPS, TAGS, and BRITE keyboards should be integrated 
to minimize their impact on the limited space available. Even 
under these'c~nd!tions, equipment leaves very little counter space 
available for notetaking, etc., and alternative means for provid­
Ing this may be required. 

3.2 TAGS/VAS SENSOR INTEGRATION 

The deployment of ASTC Surveillance and Vortex AdVisory Sys­
tems (VAS) at the major airports adds two more systems to the air­
port surface already congested with terminal surveillance, communi­
cations, meteorological, lighting, ILS, and other systems. Because 
the siting criteria for both the multllateration TAGS sensors and 
the VAS ground-wind-sensing towers favor locations· at the airport 
perlpbery (VAS near runway thresholds and TAGS to the outside of 
runways), at first glance, a collocation seems worth exploring. 
Possible benefits from such a collocation are a reduced number of 
new towers obstructing navigable airspace and installation cost 
savings. Installation cost savings are In the form of common 
cabl~ runs, common access roads, and common site construction 
(grading, surveying, concrete foundations, etc.). 

A prelimlna'y plan for TAGS sensor-siting at O'liare done pre­
viously resulted In a total of g sites, consisting of 5 interroga­
tors and 3 receive-only sites. The locations chosen are shown in 
Figure 3.2-1. ~ome of the con>traints applicable to TAGS sensor­
siting are: 

a. The maximum interrogation baseline is 9170 feet. 

b. Interrogators can be no closer than 600 feet from the 
Airport Movement Area. 

c. Line-of-sight visibility must be maintained between at 
least three receiver. ami the aircraft, and two interrogators and 
the aircraft. 

3-10 
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d. Oh~tacl~ cl~aranc~ r~qulr~_pnt~ for th~ navlaahle alr~pac~ 

around the!' airport .us·t be!' ..ct. 

e. Thp TAGS PAS ~ltP~ _ust h~ on airport propprty. 

r. lntprroaatlon ~tatlon~ muH hr' within 15,000 feet of air­
craft h~lna Intprroaatpd. 

To provld~ for cost co_parhon hetw~~n Ind~p~nd~ntly ~It~,' and 
collocat~d VAS/TAGS c..~~, th~ O'llarp PAS spnsor-d~ploym~nt hard­
war~ and Installation co~t w~rp ~~tlmpt~d for hoth communlcatlon­
link confliuratlon~, land Iinp and _Icrowav~ link, as ~ho~n In 
Tahl~ 3.2·1. Only acqul~ltlon and InstAllation costs Are shown. 
O~N cost~ for plth~r conflauratlon ar~ not r~l~vant to th~ com­
parls'on. 

Th~ towpr locatlon~ for thp first op~ratlonal VAS sy~t~m 

currcntly ht-Ina installed at O-narc, AUal\l~t 1~77. arf' "hown In 

'Flaur~ 3.2-2. Each tow~r, SO f~~t In h~IRht, mUH n~ out.id~ of 
nevia_hle .1r~r.cC', must he on airport Ilr0l'e'rty. and I1U~t ht' 8 

r~asonahlp dlstanc~ away from hulldlngs, trpe~, ~Ipvat~d roadways, 
etc., which can dl~rupt air flow. 

Th~ VAS Spnsor and dl~play acqUisition and In~tallatlon costs 
for th~ O'llare .yst~_ arp shown In Tahle 3.2-2. Thp VAS hard~arp 

cost Pst Imatp Is haspd on a product Ion huy of 13 ~l'~tpms. Thp 
In~tallatlon cost I~ hased on dptall~d estl.at~s provldpd hv thp 
Gr~a,t Lakes R~glon for th~ actual O'llart' In.tallatlon. 

Thp currpnt VAS motooroloRlcal-towt'r locations arp shown In 
Figuro 3.2-2. Ry applying tht' TAt;S s!tlna crlt .. rla to pach of the 
7 VAS locations, It was dotormln..d thRt 4 TAGS InterroRRt~r slto~ 

could sharp VAS locatlons and provide accpptahlo c~vernge of the 
AMA ,(F1llurp 3.2-3). Tho northprn hal£ of O'lIar.. can h.. covorpd 
adpquately hy TAGS IntorroRator~ locatt'd at VAS ~Ite~ S, 4, 3, and 
2. A non-VAS·~ItNI rocplvo-onl)' slto hot"..on 41. and 91. thr<'sh~lds 

Is rpqulr~d to ~llmlnat.. hlockages (TAGS,J, pnsurlng that aircraft 
on tho ANA always has 3 rec .. lvor~ In vl ..w. VAS ~ I~ not u~ahlp 

at it~ curre-nt locA."tlon hCCA\l!lC' tht' Intflorroll_tion IIntttnna 1:0 

dpRreo covpraRP limitation d~ps not allow slmuUanpous covpraRP 

I 
• 
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TABLE 3.2-1. TAGS TRlLATERATlON SENSOR HARn~ARF. 

COST ESTIMATE (O'HARE) 

1. 

2. 

S. 

"Ucrowo.vc 
Link 

8 Site lIardware 
Acquisition Costs $1422 

(based on buy of 9 TAGS (includes $30K 
Systems in 1980) site for mcro­

wave hardware).5 Interrogator Stations 
3 Receive Station. 
1 Central Control Station 
1 Processor/nisplay 

8 Site Installation Costs $400K 
Foundations 
Tower/Shelter Erection 
Electrical Terminations 
COllllllunication Installation 
Power 
Access Roads 
Civil Engin~ering/Supervision 
30\ Contingency 

Total Costs $1822 
(Ac'luisi tion & Installation) 

r.:Hlll I. i nC"* 

$120(, 
(incluue!" 
$24K 
cahle­
co~ t ~) 

$473K 

$ll,n 

".\~~ume5 adequate buried t,dsted pair cahlc capacit~· ('xi~to,; at 
Junction points \o\:ithin :O(lO feet fron each 0.\5 site. 

'!t~. :'.' " ..' . . . . .' . . .
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1. 

2. 

3. 

TABLE 3.2-2.' VAS O'I~RE SENSOR INSTALLATION COSTS 

Acquts it ion Costs 

Towers 
Sensors/Electronics 
Processor 
Display $300K 

Installation Cost 

Tower Foundations 
Tower Erection 
Electrical Terminations 
Underground Cabling 
Power 
Access Roads 
Civil Engr/Supervision 
30\ Contingency $186K 

Total Cost (Acquis it ion ~ Inst,ll,tion) $486K 
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at the threshold end of 27R/32R and 22R. For VAS 2. 120-degree 
coverage angle must be placed to cover 14Rthreshold. sacrificing 
full view of 4R. The lack of full 4R coverage by VAS 2 is only 
one of several problems with TAGS/VAS coflocation for the southern 
half of O'Hare. 

Costs identified as being eliminated by the exact collocation 
of the VAS and the DAS towers are shown in Table 3.2-3. The $23K 
estimate per VAS site does not include, for example, VAS tower 
erection. electronics housing. and electrical hOOkup costs unique 
to VAS. New access-road construction at O'Hare is limited due to 
the nearness of existing airport roads; an average road length of 
100 feet per site was estimated. The total cost savings for the 
4-site collocation is estimated at $104K. As Table 3.2-4 shows, 
the 4-site collocation represents about 5 p<rcent of total system 
acquisition and installation costs. If all VAS sites were located 
with DAS sensors, about 9 percent of total acquisition costs could 
be saved. lhis latter possibility would depend, in the case of 
the O'Hare inst311ation. on the VAS sensors being moved to a TAGS 
location. not vice versa. as discussed previously. 

Table 3.2-5 shows the savings expressed as a percentage of 
installation costs only. excluding system-hardware acquisitions 
except that data-link and cabling costs are included. The second 
and third table entires show saVings as a percentage of the costs 

·the regional Airway Facilities would incur. ranging from 14 to 22 
percent for land line and microwave. respectively. 

3.3	 SUMMARY OF RESULTS AND RECOMl-IENDATlONS 

3.3.1	 Results 

A summary of the major conclusions drawn from the cah-layout 
and sensor-integration studies follows. However, these conclusions 
are preliminary since they do not incorporate feedback from opera­
tional personnel. 

a) The installation of the three large MSDP cah systems as 
additions·to the current cab stations/equipment appears feasible. 
The TAGS displays will be located primarily where ASDE-2 displays 
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.TA8LE 3.2,3. VAS COST ITEMS ELIMINATED FOR COLLOCATION OF SENSORS
 

Item
 

Site Ground Preparation
 

Tower .Pads U;oncrete)
 

New Cable Duct Runs @ 2000'
 
($S.SO/ft. installed, cable included] 

Access Roads ($20/Ft) 100'/Site 

Civil Engineering 25 work-days @ $90/day 

Contract Supervision 12 work-days @ $l90/day 

Accessholcs/Junctions 

Per Site Cost 

$	 11( 

31( 

lllC 

2K 

SIC 

21( 

21( 

$261( 

TA8LE 3.2-4. COST SAVINGS AS A PERCENTAGE OF 
TOTAL SYSTEM INSTALLATION COSTS - O'HARE (DOLLARS] 

Collocation 
Confh. 

DAS* 
Costs 

VAS*, 
Costs 

Cbllocatf.'J 
Total 
Costs 

Cost 
Svos. 

4 sites 

7 sites 

$16791( 

$16791.: 

$4861( 

$4861( 

$20611( 

$19831( 

$104K 

$1821( 

Savings as 
\ of 
Total 

5\ 

9\ 

*Acquisition costs included are for 8 site TAGS co~figuration 
(see Tables 3.2-1 and 3.2-2]. 



i 
f 

TABLE 3.2-5. COST SAVINGS AS A PERCENTAGE OF INSTALL.\TlON 
3COSTS EXCLUSIVE OF ACQUISITION COSTS - O'HARE (DOLLARS X 10 ) 

DAS \'AS Total , of 
TotalAlon.. Collocated· Sv~s,Confhuration Alon.. 

7Z'.! 104Microwave·· 640 186 14'-. 
18\Landline***" 104579497 186 

Microwav.. (Installa·
tion costs only) 48! 104400 186 22\ 

"Assumes 4 sites collocat ..d 
.""Includ..s $240K Microwave hardwar .. costs 

"""Includes 24K cable costs 
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are now. Added ASOE-3 displays will primarily be hung from the 
ceiling on yokes to permit rotating and tipping to the best orien­
tation. TIPS display and "quiok actio~" data-entry units will 
primarily be pedestal-mounted from the floor in yokes to permit 
rotating and tipping to the best orientation. 

b) The chief reservation regarding the simple addition of the 
MSDP cab systems concerns counter space. parti~u18rly at the Class 

A airport cabs. In installing the systems without reworkingl 
integrating the individual stations, counter space hfl~ heen drasti· 
cally reduced. TIPS will probably not completely eliminate the 
need for note-taking. 

c) The counter-space limitations occur despite the integra­
tion of the TIPS and BRITE keyboards. In the study. it was assumed 
that the TIPS and the BRITE keyboards would be integrated into one 
keyboard for Local Control. In this way, each controller would 
have only one keyboard at the Class B cabs and two ke)'boards lit 
the Class A cabs. 

d) The add-on-type installation does not depend on the 
sequence of the installation. As currently configured, ASTC equip­
ments can ~recede or follow TIPS installation. Only new Integrated 
system features might change this. 

e) O'Hare. due to its configuration, readily accomodates VASI 
TAGS sensor collocation with little compromi$e for 4 out of the 7 

VAS locations. Three of the VAS locations are such that TAGS 
. siting is not feasible even allowing minor VAS relocation. LAX 
presents a more difficult challenge, but, given the use of a 
control-tower-located interrogator. 3 of the 4 VA~ site locations 
can be shared. The cost savings alone, possihly only 5 percent of 

total system costs, are probably not enough to justify program 
delays to effect collocation. Howev"r, the benefits for reducinll 
obstructions to navigable airspace and efficiencies in slte­
contracting work through the Airway Facilities Rellional Office may 
make "the collocation worth considering at the timE' ",he':l TAGS and 

VAS production schedules become realities. 
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3.3~Z Recommendations 

a) The two integration issues identified should be considered· 
in so.e detail. They are the integratio~ of keyboards and the 
.ovement of "quick look" controls (TAGS or BRITE Alphanumeric) and 
ASDE-3 "two-presentation" select "controls to the keyhoard or TIPS 
"quick action" entry. 

b) The studies done to date should be presented to both Air 
Traffic and Airway Facilities personnel at the airport cabs (or 
associated regions) for their review end input • 

. c) The studies should be extended to additional airports. 

i 
! 
; 
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4. HUMAN FACTORS ASPECTS OF MSDP SYSTEMS INTEGRATION
 

4.1 BACKGROUND
 

Certain aspects of the design and integration of the MSDP sys­
tems assume particular importance '\hen considered from the view­
point of the people who must operate the ATC system. As a g~neral 

background, some unique features of the control-tower operation 
should be noted. 

a. High reliance On visual contact with aircraft. 
b. Controller mobility. 
c. Frequent standing operations. 
d. Wide range of ambient lighting conditions. 

Design of any equipment (for Local Control and Ground Control 
especially) must be compatible with a controller who frequently 
stands up, who must look out the window, and who may move about the 
cab to obtain favorable viewing conditions. Visual displays must 
be adjustable in brightness and contrast to compensate for both 
bright and dim ambient lighting and for frequent brightness ad~pta­
tions between external and internal viewing. 

Another general feature to be noted is that controllers may 
have. one hand continually occupied with a prcs~-to-talk switch 
(assuming continuation of current communications procedures); ne~ 

equipment shOUld, therefore, avoid reqUirements for two-handed 
operation. 

The impact On controllers of the introduction of ~ISDP elements 
into tower cabs is summarized in Table 4.1-1. For each system 
element. the advantages and disadvantages are noted together with 
an indication if the new element requires additional equipment, or 
if it replaces equipment currentl)' in use. Where particular duty 

positions are affected, the initials of the position are given in 
parentheses. 

From the ADVANTAGES column of the tahle, it is eviden~ that 

MSDP elements in general will not provide workload relief. ~lost 

elements aTe designed to permit the controllers to continue to do 
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... f< • 1.1 S~~OORY OF IMIAS F~GORS r'fI'ACT 

I)(5DP 
HE\fE\, ~D'~ST~GE : DISAD,A\jAGE 

i	 r)(ore reI iable data ID.US 

I 
Increased Worklo~d l~tatui an~ control ilLS, (solle towers) 

NLS ~ I' bl d (LC) (LC,. 11 ~anels I , .,ore re.. e Ita Y.ore IfR traffic I 

I Ability to handh :flore ~ore co:nplex approach I
I	

I 
I traffic	 pa'h.. I 

~or: status panels to I 
conlt",r.!I

I	 
I llore da,a for ATIS I I I

'--- '	 1-~(r;F~D~)==--;:;;==;;r_ -~-------t---------i .55 1	 Ir.creasea workload, 

i)"~toutio~	 (FOj.) 
leather-observing

.. . (soae tOilllers) lequip. (soce to.".ers) 
Weather observation !weather-observing 

eGuip. (soae towers).. '	 

II 

thcrcased ~orkload
 
Spaci.ng decision
 

'1" 
~·AS/wns ~re infor:nation. 

Displ.ys .nd controlsfLC) . 
~re displa)·s to 
)(onitor 

I provided (lC) 

f,er operat1on~'"	 ~ore lntOrnatlonI, ISaf to relay.	 II	 Closer arrivall Ideparture spacittgI	 I IMore data for ATISI 
(FD) • 
Cr",wdir.g of .".orksp~ce I	 I1 

Wind I~re information_	 Increased ~orkload 
Shear Safer operations	 (LC) .
 

~ore dislllays t.o Disylays and controls
 
aO:1!tor
 
More jnfo~mation to 
relay_I 
~",re conlllex I 
decisions 
More data for ATIS 
(F"). 
Cro~dini of ~~rkspace 
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TA2LE 4.1-1 (Concl'd) 

~SDP 
ELEllCST ADVA~TAGE DISADV,\.STAGE 

f.lIDED 
EQUIl?!ESi ~fLACIDIPIlEllT 

ASTC/TACS ~re r~liable data (Ge, 
LC) • 
~re co~plete data (CC, 
LC) 
Intt.rated data (CC). 
Safer /j~eration5 

Crovdinl of workspace
(lC). 
More key ina required
(CC. LC) 

Displays and key­
boards 

ASDE dlspla/. (CC) 

I TIPS ~ore infor=ation avail· 
a~i 1e. 
Falter in!Qr=atlon 
di.ise=.inatlon 

More keyini required.
InaJequate ~rovision 
tor erotry ot (Iiiht­
.trlp data (CC, LCl 

r.rovdi~i of vorki~ace 

Inadequa:e failure mode 

Displays and key­
boards 

fllJht .trlp. and 
bay. fDEP 

Electro'Writer/ 
Te IautoCT.aph 

• \RTS III MOre infoT~ati?n avail· Increased workload !RITE di.play tor 
£r. r.a:lce'" ,>,Ie. ILC) • Te1:Iote locations 
:ne~B ~~re reliable in(orza· 

tion 

asier c~nfli;:t .anitor· 
"1 (Lf.) • 
.afer ':ojitrations 

Increased arrival 
rates 

(so~e tovers) 
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what they are presently doing with a greater degree of effective­
ness·-more accurat~ data, more available data for decisions, making 
and, more accessihle data. Thi; increase in effectiveness generally 
involves an increa~ed workload .- more dats to procc9s, more air­
craft to serVice, and more information to relay. The principal 
features that may unburden controllers somewhat include the deter­
mination of safe Intervals hy VAS and WVAS, the automatic identifi ­
cation of aircraft on the ground hy TAGS, automatic runway assign­
ment by TIPS, and automatic conflict warning by ARTS. 

The DISADVANTAGES column shows again the increase In data tc
 
he processed and relayed and in aircraft to be serviced. It also
 
shows an increase in display devices and status panels to he moni­

tored. Some of the additional data will very likely he incorpora­

ted into ATlS messages, increasing the ,<ork and time involved in
 
ATIS preparation and recording. The in<rease in amount and aCCeS­

sihility of information carries with it the need to perf,rm addi­

tional keying and switching operations to retrieve desired dots.
 

The complexity of information-processing hy controllers is
 
increased hy some elements. VAS and wind-shear clements will in­

crease the complexity of visualizing and evaluating wind-field
 
patterns. The curved approach paths made possihle hy MLS will
 
increase the difficulty of estimating threshold times from hoth
 

'visual ohscrvation and radar retur&s . 

The automation of FSS's will odd the joh of weather ohserva­

tion to the duties of some towers.
 

The ADDED EQUIPMENT and REPLACfoD foQUIP~IENT columns together
 
show that introduction of MSDP elements will resul~ in a net in­

crease in tower equipment, with consequent crowding of already
 
crowded workspace. Display devices for VAS and wind shear (not
 
yet specified) will r~quire yet more prime space.
 

TIPS, while acquiring, distrihuting, and displaying informa­

tion much more effectively than is presently done, docs not pro­

vide the data-recording and notepad capahilities of the flight
 
strips that it will replace. Furthermore, if flight strips,
 
flight strip hays, and flight strip printers arc removed from the
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tower. the manual backup procedure in the event of system failure 
will	 be wholly inadequate. 

In summary, introduction of MSDP el~ments has the potential
 
for creating three major problellls for cont.rol tower personnel:
 

a. workload increase, 
b. workspace crowding, and 
c. loss of flight-strip capabilities. 

4.2	 DISCUSSION 

".2.1	 Workload 

Taken one element at a time, the controller-workload incre­
ments resulting from the introduction of MSDP elements into the 
tower cab do not appear impnrtant. It is easy to assume that the 
controllers can adapt to these new demands, and it seems desirable 
to gain the associated benefits. flowever. the aggregate increment 
in workload, when several of the elements are added. is more dif· 
ficult to assess, and should not be overlooked. The increase in 
.a~cident potential, when system operators adapt to an increased 
workload. is an evident probl~~; adaptation is accompl.shed by 

adopting shortcuts in procedure. Although this procedural stream­
lining is generally effective, on rare occasions when a chance com­
bination of events occurs, it can be fatal. 

There is ample evidence that controllers, in some towers at 
some time, are overloaded under present working conditions. There­
fore, it is desirable. when introducing changes, to seek ways of 
exploiting these changes so as to reduce workload, or at the very 
least to avoid increasing It. 

There are two general features of combined ~ISDP clements that 
have great potential for such exploitation: computing capahllH}' 
and the display capability inherent in CRT's. Thus, the computers 
associated with ARTS, TAGS, TIPS, and perhaps. the wind-evaluating 
systems might be used to relieve controllers of data-processing 
requirements. Also, the CRT displays of ARTS, TAGS, and TIPS might 
accommodate the increased display requirements generated by VAS, 
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WVA5. wind shear. and MLS. This process of system integr~tion has 
great ~~tential for alleviating the MSDP-workload problems. 

For example. "tille·to-threshold" could be computed for each 
approaching aircraft, and displayed on the local controller's 
situation display on demand. thus assisting the controller in in­
formation-processing and decisionmaking. and increasing the accuracy 
of "decisions. ln the display area, it has been proposed to repre­
sent wind-shear information symbolically at the geographical loca­
tion where it applies on a situation display. Similariy, wherever 
it seems to be desirable. the system is asked to integrate infor­
mation from various sources, and to present to the controller only 
what is needed. when it is needed, where it is needed. and in a 
format that requires a minimum of further pro~essing by the COn' 
troller. 

4.2.2 Workspace 

The crowding of controller's workspace by added MSDP equip­
ment can also be alleviated by system integration. Collecting the 
outputs from several elements for display on a common surface, and 
consolidating various keyboard requirements into a single keyboard. 
can provide considerable relief of space requirements. 

~Ilnimlzing display requirements should include the integration 
of curre~t with future ones •. Considerable space on present con­
soles 1$ occupied by a few weather-related devices (altimeter 
setting. ·,lnd speed. wind direction. and RVV and RVR indicators). 
VAS. WVAS. and wind shear presently propose additional displays. 
Any approximation that can be made to the consolidated display of 
weather data on the situation display will release a considerable 
amount of prime space for the local controller. Similarly. using 
single buttons to call up sets of information can reduce control 
panel and keyboard requirements as well as simplify information 
retrieval by the controller. 

Possible arrangements of ideali:ed consoles for Local Control 
and for Clearance Delivery or Flight Data are given in Figures 
4.2·1 and 4.2-2. 
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FIGURE 4.Z-Z. POSSIBLE ARRANGEMENT OF IDEALIZED CLEARANCE­
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4.2.3 Flight.Strip Capabilities 

The functions served by flight strips as surfaces for data­
recording may be lost when the strips ar~ replaced by TIPS. Some 
of these can be retained by programming TIPS to record certain 
action times (e.g., takeoff, and clearance delivered). Other func­
tions could be retained by utilizing the keyboard for notetaking. 
Still other capabilities might be achieved by providing for 
special printouts at the input-output terminal. 

Provision of a manual backup in the event of a TIPS failure 
appears to be a serious problem. Resorting to scratch pads and 
handwritten flight strips (without bays for organizing them) would 
result in an operation more primitive than the most poorly equipped 
current operations. Strip holders and portable bays could be kept 
in storage for use during a TIPS failure; however, it is doubtful 
that controllers trained and experienced in the use of TIPS could 
revert effectively to such a manual system. Certainly. the problem 
of TIPS failure modes should have some priority for further con­
siderat ion. 

4.2.4 Automatic Message Generation and Transmission 

Because DABS is not expected to he deployed widely before 
1985, its use as an uplink for transmission of digital messages 
has not been assumed in the present analysis. Implementation of•, 
DABS will permit the generation of command and information messages 
and their transmission to aircraft without controller intervention. 
This development will have profound effects on the roles of tower 
personnel in air traffi~ control, reducing workload requirements 
for almost every element of the futur~ system. Completely new 
display concepts will be required, and the controll~r will be given 
a more passive role (monitoring and approving). New prOblems will 
involve keeping controllers alert and active enough to assure that 
they are prepared to intervene ~hen the situation requires it. As 
DABS capabilities and utilization become more clearly specified, 
provision must he made for redefinition of controller rolc~ and 
display requirements through detailed simulation studies. 

•
I,­

4-9/4-10 

',:-:.>.: 

I



5, FUNCTIONAL AND DATA-PROCESSING ASPECTS OF MSDP 
SYSTEMS INTEGRATION 

The tower cab is one of·the focal points of an extensive data 
gathering, processing, and display complex. This complex makes 
available to the controllers in the tower information they need to 
ensure the. proper operation of air traffic in to, within. and out 
of. the airport. The input data can be classified as: 

surveillance data -- measurements of aircraft position, 
including altitude: 

identification information -- codes transmitted by the 
aircraft which disclose identity or characteristic; 

flight data -- identity; timing, and characteristic data 
which describe aircraft expected or known to be in the system; 

meteorological data -- measurements and predictions of 
prevailing atmospheric conditions of various kinds in the surround­
ing airspace; and 

system data -- certain fixed, semi-fixed, and regUlarly 
changing data describing the state of the ATe system and its 
environs. 

The controller has the task of assimilating the subset of 
these data that are needed to carry out the particular duties; the 
!ubset required \;;ill vary, dept:llu..inK· un the posi'tion. uccasion­
ally, information will be received from an outside source which 
will have to be stored for later use. 

Many of the MSDP systems will contribute to this flow of data 
in to and out of the cab. Insofar as is possible, the systems 
should be ·coordinated functionally to avoid confusion On the part 
of controllers faced with mUltiple sources of information, some 
of them possibly contradictory. Also, form a data-processing 
point of view, interfaces between systems and the interchange of 
data between systems should be designed in a comprehensive and 
consistent way rather than as ad hoc, uncoordinated solutions which 

could lead co inefficiencies and error. 
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In general, each of the MSDP systems has the three usual 
sUbsystems: sensor, processor, and output (display). This sub­
system breakdown can be used to help identify common functions and/ 
or common inputs and outputs among the systemse 

The sensor sUbsystem has the job of providing the input sur­
veillance. identification, and/or meteorological data to be used 
by the rest of the system. 

The usual task set for the data-processing portion of the 
s,stem is to display to the controller that portion of the air­
space of interest with an indication of the traffic in that area, 
to keep a list of the aircraft in. or expected to be in, the area 
of interest. and to maintain and display the identities of the 
aircraft in the list. To maintain this correlation, the data­
processing system must conVert radar target-position measurements 
to its own coordinot~ system, must Mointain the continuity of the 
tracking of the targets with less than perfect data, must keep 
the correspondence hetween tsrget and airersf: identification 
(ACID). and must format and display the results to the proper 
controllers. 

There are other subtasKs which the data-processing system 
must accomplish in the course of doing its main task. They include 
accepting inputs from other data processors and from contrOllers 
via keyhnArds, modifying the data base and the display outputs to 
correspond. 

In addition to the basic function, the DP system has been 
called upon to carry out other functions, such as conflict detec­
tion, metering and spacing, and minimum safe-altitude warning. 

5.1 FUNCTIONAL DESCRIPTION OF TOWER CAB 

A Class A tower cab is defined in this study as one which will 
be equipped with all of the major and minor ~ISDP systems. A block 
diagra~ of such a tower cab and its environs is given in Figure 
5.1-1. The diagram is divided into six areas which represent the 
remote sensors, remote processors, the tower cah, remote tower coh, 
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TRACON, and ARTCC. The systems are represented hy hlecks for sen­
sors, processors, displays, and keyhoards, connected and inter­
connected appropriately. Some of the blocks contain the names of 
more than One system; e.g., ATCRBS/DABS, or VAS/WVAS/Wind Shear, 
to indicate both that they are alternatives one for the other and 
that they have a functional similarity at this level. In the dis­
cussion which follows, all possibilities will be included. 

The Hierarchical Input, Process, Output (mpO) chart in Table 
5.1-1 shows the data input to the T~wer/TRACON complex by the sen­
sors ot the various systems and hy the computer at the ARTCC. 
These data are classified as heing one of five types: 

a) Surveillance data -- giving aircraft positions. 
b) Flight data " giving aircraft identifications and flight 

intentions, 
c) Control anJ Sup~rvi~ory data -- ~iving instructions to 

the system to renct in some waY. 
d) 'Ieteorological, Atmospheric and other data -- giving 

information ahout the airport environment, and 
e) Data link data -- giving messages from aircraft. 

The major information types within each of theso categor,es is 
briefly described and the system or system component, through which 
·the data are delivered to the Tower/TRACON is cited. 

The second column, Process, in this highest-level IIIPO chart, 
lists the processing which takes place in the complex in five 
categories, with the major types within the categories and the 
systems where the processing is performed. The cate~ori~s are: 

1) Survt"il1ance·proce~sing _. perform calculot ions on sur­
veillance, flight, and other data to produce derived and predicted 
aircraft performance, position/identity correlation, and status· 
monitori.ng, 

2) Display-processing -- generate display tables, display 
command chains, and the like to cause specified sets of data to he 
output to specified display devices, 



3) Flight-Data-processing -- maintain and modify as required 
flight-plan information for aircraft in or ahout to enter the con~ 

trolled airspace, 

4) Message-processing interpret and transmit to appropri­
ate process or system messages input via keyhoards or communica~ 

tions links, and 

5) Other processing as the name impli~5. 

Finally, the third column of the chart lists the data outputs from 
the compleA ('rouped into three categories: 

a) Displays output to controllers in tower cah and TRACON, 

b) Messages to ARTCC control, supervisory, and fl ight 
data-information generated in the tower/TRACON, and 

c) Data Link data '- messages to he t~ansmitted to aircraft. 

The key MSDP system, as far as the tower cah is concerned is 
TIPS, which was developed to replace the FDEP/flight-strip equip­
ment in cab and TRACON. In the course of system design, the deci­
sion was made to make TIPS the repository for the terminal flight­
data hase, and to put the larger part of the TIPS data-processing 
capability in the TRACO~_ This led easily to the notion that TIPS 
should communicate with the NAS c~mputer at ARTCC to ohtain flight 
dua, and further, that the ARTS-TlrS-NAS path should suhstlme the 
functions of the ARTS-NAS link. Thus, TIPS hecomes hoth the 
flight-data manager and tile communications ccnt~r for mc~sagcs 

among the tower, TRACON. and ARTCC. 

These two delellations of function are presumed in the de,'elop­
ment to follow since they seem to be solidly hacked hy the analysis 
done by mTRE. 

Besides TIPS, tbe systems to be cousidered bere are TAGS, the 
WVAS/Wind Shear group, and the ~'eteorological group_ The ARTS III 
display in the cab is assumed to he the Tower Cah Digital Display 
(TCDD) driven by an ARTS IlIA installation whose sensor data are 
processed hy a Sensor Receiver and Processor (SRAr). 
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TABLE 5.1-1, 1111'0 CIiART.- OVE~ALL TOWER/TRACON 

1- I_N_p_U_T + p_R_O_CE_S_S	 '- OUTPUT 

Surveillance Data Surveillance Processing Displai·~ 

•	 For each ale within • Accept stld process sur­ Oat. bloch: 
range 1 to 60 miles veillance data, track ACID, altitu<le,
from raJa r: a/c, correlate witll speed, ctc. 
kan~e, .,imuth (ASR) flight data. (ARTS, (ARTS, TAGS)

TAGS) 
Tabular lists: 

•	 ror each beacon a/co Perform "SAW, ~I&S, Cor;­ arrival, de­
Range. azimuth, flict Alert c.lcula­ parture, ACIO 
altitude beacon codc t ions (ARTS) beacon coJe,
(ATCBI, DABS) etc. (ARTS,

Display Processing TAGS, TIPS) 
·	 For caell heacon ale
 

on airport surface:
 Prcp3r~ displays of data Airport St3tuS,
position, beacon code blocks wcather (ARTS,
(TAGS) (ARTS, TAGS) TAGS, TIPS) 

•	 For cross-tell ale: Prepare Ji~plays of Clearances 
rosition, ACID, tabular lists (T! I'S)
beacon code (ARTCC) (ARTS, TAGS, TIPS) 

Vortex advisorv 
flight Oat. fli.ht Data Processin~ or prediction' 

(\',\5/1\'\',\5)

For e.ch a/c filing
 Accept an<l process flight

IFR fli~ht plan or
 <lata .	 WinJ Shear 
amen<lment: ACID, (ARTS, TAGS, TIPS) warning (!'in<l
assigned beacon couc, Sh~ar) 
arrival/departure Accept an<l process flight
fix, ETA/pTO data mo<lifications (ARTS, Tempe ra t ure,
(ARTS/TIPS keyboar<l, TAGS, TIPS) visibilit,o,
ARTCC) etc. (mete­

orological)
 
· ClcaranCC5
 

(TI 1'5 ke)·boa r<l) Messages to ARTer 

Control shJ Supervisory Hight plan suh­~rc~sagl~ rrocessing
Data missions, changes 

Accept and proccss key­ anJ cance II a t ions 
•	 For each a/c, as ap­ (ARTS, TIPS)board inputs

propriate: handoffs, (ARTS, TAGS, TIPS)

Delete messa~es (ARTS/
 Cross-tell 
TI 1'5 keyboa rd s, ARTCC) survcillance 

link messages, prcpare 
Accept InLl proccss data 

da ta (',.RTS) 
•	 As appropriate: outgoing <lata link 

Ilcconfiguration • lI,n<l-off
 
(ARTS/TIPS keyboar<ls)
 

messages (ARTS) 
messages (ARTS) 

Display format 
(ARTS/TIPS keyboar<ls) 
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TABLE 5.1-1 (Cont.) 

INPUT PROCESS OUTPUT 

Meterologicalfi Atmos-
Other Processing Data Link Datapherlc and at er nata 

· NOTA~1S , ATIS, Air­
port status 
tARTS/TIPS key' 
boards) 

· Wind Measurements 
from s~lec ted 
locations (VAS/
WVAS) 

· Wind and other 
measurements 
(Wind Shear) 

· Temperature, 
visibility, etc ~ 

(Metero10 ~ical) 

Data Link Data 

· Messages from ale 
(DABS) 

· Accept and process 
observations to 
produce vortex 
advisory or predic­
t ion. wind shear 
warninE!' 
(VAS/\~VAS/Wind 
Shear) 

· Prepare runway and 
beacon code assi~n~ 
ments (ARTS, TAGS, 
TIPS) 

· Accept and process
metero10gical data 
(Heterologica l) 

HessaJ.!es for 
ale (DABS) 
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5.2 FUNCTIONAL [NTEGRATI0N OF TOWER SYSTEMS 

The analysis of the funct!ona' perfo~ance of the future 
tower sy9tcm9 ,was ha~cd un certain dssumption5 ahout the ~our~c 

of the MSDP's. 

a) It Is assumed that the ARTS [IIA procurem"nt will go as 
.planned, and further, that certain equipment now In the prototype 
state _. namely. the Remote Dhplar Buffer ~Iemory (RDB~I) and the 
Tower Cab Digital Display (TCDD) -- will be developed and pro<ured 
in quantity. 

b) The ASDE-3 will be developed and procured, and the TAGS 
which is developed and procured will be the hrhrld system described 
earlier. 

c) The TIPS will he developed and ['rocured substantiallr as 
d~scrlb"d In system documentation, and will act. as a flight-dat~ 

.a1\ag~r and communiC-8tlon~ center for the 5y~a('m. 

d) It Is desirable to di.trlhute the outputs of the wake­
vortex, Wind-shear, 8n~ meteorological m~85urement ~yst~m~ to the 
.ontrollers and ATC functions through som" comhlnatlon of T[pS. 
TAGS. ASDE-3, and ARTS. 

The Class A Tower Cah and TRACON w[11 have at least six new 
processing capahll[ties: three already Identified with separate 
computers -- the TIPS Tower and TRACON Displar Suhsrsten processors 
and Terminal natA-proccs~lnR Suh~y~tem proces50r -. and three new 
ones -- the TAGS, WVAS/Wln,1 Shear, and Heteorologlcal processors. 
It is suggested here that the last thre" he Intellrated In some way 
with the TIPS TDpS processors. A numher of approaches to this 
Integration are discussed helow. 

A major benefit of such Integration Is th"t the "'sults of 
~8kc-vortcx. ~lnJ-~he8r. and meteorological oh~ervBtion5 3nd calcu­
lations would he dlr"ctly accesslhle hy TIPS (and TAGS). and henc". 
by ARTS, NAS. and the tower and TRACON controllers. This will 
allow (I) wake-vortex and wlnd·sh"ar Information to he passed to 
the Metering and SpaCing function In 8 timely fAshion, (2) wake­
vortex, w1nd-shear. and meteorological-Information to h~ dlsplar~J 
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on the TIPS displays, and (3) graphic representations oC these data 
to be generated and displayed on the ASDE/TAGS display. 

The Tower/TRACON system developed under these assumptions 
resembles the one diagrammed in Figure S.Z.l. 

By far, the simplest approach to the implementation of these 
capabilities would be to procure a single comruter to enrry Ollt all 
of the functions. It would be sized to accomplish not only the 
TIPS data management and communication functions, but also, the 
TAGS surveillance and display functions and the functions associa­
ted with the WVAS/Wind-Shear and.Meteorological systems. There 
are a number of small computers which can do these t3~k~. many of 
which are available with real-time operating systems developed for 
this type of environment. 

A different approach might be to assemble a group of micro­
and mini-processors together in a configuration as in Figur~ 5.2-2. 
In this configuration, the minicomputers at tbe top of the figure 
handle the TIPS and TAGS functions, and provide reduced capability 
backup for each ocher. They are connected to a common bus which 
allows them to saare I/O deVices, such a~ communications to the
 
other TIP~ computers and the TAGS display, and two memories: a
 
.data memory and a two-port memory shared with the other part oC
 

. the configuration. This lower portion of the figure is composed
 
of the set of microprocessors for the vortex, wind-~hc"r, and 
meteorological systems. Each processes data from its data­
acquisition SUbsystem using its Own memory, and puts tl1C results 
in the common dual-port Demory througb the lower bus. Note that 

·the duty ~ycle and/or the amount of output data for each of these 
systems is relatively low, as the comhincd demand on the common 
memory i$ unlikely to he 3 critical design factor. 

This configuration is quite flexible in that the number of 
mic·ropr~ccs50rs in the data-acquisition row is arhitary, tlt"pending 
only on the systems installed at the airport in question. Further­
more, 'the size, configuration, and programming of thf' mini-or 

microprocessors of the top row is indcpC'ndC'nt of the 10\ilcr, cxccpt 
to the e.xtent of the data passed through the dual-port memory. 
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The principal recommendation of this section is obviously that 
the data-processing functions of TIPS, TAGS, wake-vortex, wind­
shear, and meteorological systems should be integrated. 

An additional recommendation, almost implicit in that integra­
tion, is that ·TIPS be the communications central for the Tower/ 
TRACON systems. To do this, the communications links from the 
ARTCC, TIPS. and ARTS should be led through a patch panel (similar 
to the one proposed for the prototype TIPS system), so that in the 
event of a problem with the TIPS TDPS processor, the original NA5­
ARTS link can be recreated. For this purpose, the NAS and ARTS 
software handling this communications path shoUld, if it is dif­
ferent from the software communicating with TIPS, he stored on 
disc at NAS and ARTS ready to be loaded and run in the emergency 
situation. 

Very few real problems involvin~ data-processing, per set were 
uncovered during the study reported here. Of course, it is always 
necessary to keep in mind during system design the interfaces to 
be developed with other systems, hoth current and future, and to 

consider ca:efully the possihle interactions. Since the MSDP 
systems have tended to evolve over a period of time. it has been 
possible to build to a great extent on existing work. In the 
data-processing area, this has so far seemed to work reasonahly 
well. 

I 
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6. SUMMARY OF FINDINGS. CONCLUSIONS. AND RECOHHENDATICNS 

6.1 INTRODUCTION 

The analysis of the integration of the MSDP systems into 
the tower cab environment described in this report is prelimi' 
nary in nature. Because of the limited time that was available 
for the study. it was necessary to carry out various portions 
of the study in parallel with little opportunity for cross refer­
ence. As a reSUlt, many of the conclusions and recommend.tions 
are presented in the text together with unresolved counterargu­

meets. This section consolidates those differing points of view. 

For the purposes of this summary. the material has been 

grouped into six categories: 

a. The physical integration of the equipment in the tower 
cab and on the airport surface, 

b. The effect of the introduction of the new systems on the 

operations in the tower cab, 

c. Human factors aspects of the integration, 

d. The functional integration of the new systems, 

e. Interfaces between the new systems and between the new 
and existing systems, and 

f •. Failure modes in the tower cab after the new systems have 
been introduced. 

The depths of the analyses of the various MSDP systems varied 
widely depending principally on the degree to which the system in 
question has been developed. 

6.2 PHYSICAL INTEGRATION IN THE CAB AND AIRPORT 

6.2.1 Tower Cah Studies 

The tower cabs of a representative sample of airports, six in 
number. were studied to determine physical (and operational) 



ramifications of the integration of the NSDP systems. In each 
case, a configuration was proposed which included the MSDP systems 
appropriate to it. The systems considered were those which make 
use of large displays and are fairly well defined; namely, TAGS, 
ASDE-3, TIPS, remoted ARTS III and ARTS II. 

Atthoug~ M broadly applioabl. finding. <>an ". ••tablished thl'oug~ t~.s• 

• ffol'", bot~ b.~. of t~. lDIiqu. I'IatI<N of .@~ tOWl' oab and ail'p01't 

and b......... of the p7'8liJlri.nmoy and umJal"ifiad Mt...... of the i"J.st~ti01l, 

still the f«<sibility of instolling the ...... syst_ a. dJlsifl'lsd, "'t~ 

.....iImIo iIIt.gNtion of .q"iprwnt ~ bean s"""'" fol' t~••• siz cas.s. 

It is impo.l'"'tant to PIOt6. ""'NOU.~. that thBB. analysBB have not btl" 

J"6rneued by ths P9BptlctiU8 aiJOPO,.ts and until ao rJ8roifisd cmd o01"1'OctBd. 

tJwy should be ""nsidu6d quit. p.... limi"""!!. 

86eauBB airpoJ'"te and t~,. cabs dilfs" amonq t~BIVBB 80 radically, 

the study should bs B:i:tsndod to many,..,.... aiJ'l'<'l't•• 

The following common principles were developed for fitting 
the MSDP systems equipment into the six repr~sentative tower-cab 
layouts presented in this report. 

a. Wherever possible the TIPS displays were mounted On 
pedestals on the floor in front of the console, swiveling in cut­
outs in the counter. This arrangement has advantages of flexi­
bility and ease of use over the console-mounted positions. 

7'ha fIoo'" """",t L>aB possibls at most Le and GC positi01ls (""",.pt in 

Bost01l ""..... spa"s did Mt pe""itJ. 

At most FD or CD positions, the TIPS displays replaced cons,le­
or counter-mounted FDEP or flight-strip equipment. 

b.· The TAGS display. where present. I{as put in place of the 
existing ASDE-2 display. In general, ASDE-3 displays were yoke­
mounted from the ceiling. 

""".... "" ASDE-3/'I'AGS dieplay we sllaNd by """t",Hel', it ~"s batwen a 

GC and an Le, ""ths,. than tt.lo GC 's. The.... 01'6 too """'y potential t<U'!.76t.s 

of il1tBHSt to ttJo Ge's to fit &JQll 0J't a singlB display. 
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c. Display controls were mounted on the console, where 
possible; in spare space or in place of displaced equipment. 

d. Keyboards were placed on counte~s and integrated with 
others wherever possible. 

Some of the drawbacks of these layouts are: 

7'IuI slta:>ing of TAGS/ASDE-J d....plays by tlJO o,,"trollers preu,"," the we. 

of the "quick-look· (TAGS) and ·C"'O-p....s'"'tation sele"t" (ASDE-J) featl.u'<ls 

of the ""'" equiP""'lt. 

Th. flool'-lOOlMt.d TIPS display ..vees aceess to """"ole,""",Wlted c""trols 

e""Alhat =1o.taJod. 

7'IuI k8yboaJods and displays take up ",ost of the auailable "oWlte" spa<>s., 

The effect of these difficulties could be minimized by some 
additional or modified equipment. 

2?I. CO'1Bols-moWited "ontrol.s "ou.14 be moved to tit" keyboard 0" euen 

made a part of the TIPS "qui"k-a"tion ,",tMJ· capability. 

XsyboaNs fo" TAGS and TIPS ""uld be integrated to saue ""Wlte.. epa<>e. 

Additional TAGS/ASDE-3 "/zannsls IJOwld allot.> bette.. wse of dieplay feat.....,e 

and """'ld ""duce inte..feNmC8 between """trolle",. 

6.2.2 Integration of Keyboards 

The integration of the ARTS, TIPS and TAGS keyboards was the 
subject of a preliminary feasibility study. 

The stu.1y conoluded that it oould be possible to attac'a relativsly 81ft'lll 

ewppl_t<U'!J kcyboal'ds ""to the ARTS keybO<U'd to produce cl7Tlbinsd ARTS/ 

TIPS. ARTS/TAGS or ARTS/TIPS/TAGS ""ite. 

The concept is that the combined units are connected to both, 

or all three, systeu processors with switching of signals taking 
place in the add-on keyboard modules. Thus, in the ARTS mode, the 
TIPS and/or TAGS modules would be passive and simply pass the 
signals through to the ARTS processor. In the rIPS mode, the 
signals from the ARTS keyboard are added to those of the T~PS 

module and sent to the TIPS processor. A similar action takes 
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place in the TAGS module. 

Jf all ths NSDP ~YBt6m8 arl~ deployed as a"lticipated in this study. 

at least 79 controller positions ~Zl bo m~prlieJ ~th multiple 

1aIybot.1rd.s• . 71 uith ARTS and TIPS kl'yboards. Gil'en t'IO ltpacc Umita­

tiona in the cabs. this may be enough to justify a k~y~ intog~­

"ticn	 effort. 

6.2.3 Integration of Displays 

Combining displays from two systems was suggested as another 
way to save space. This does not seem practicable fer a number of 
reasons .. 

The AKrS BRITE display doss Mt se_ to bs suitab14 for uss by any othsr 

of ths systflltfs b"cause it lacks cB1'tain chamctsr-isticB O~ f(/atu:NJS 

d4s"ribed bsl<..>. 

TIt.. ASDE-3/TAGS display Nquires wry high Nsoluticn. resulting in a 

..sry ""f>II1'8i .... unit "hioh lJOUld Mt bs suitabl.. as th.. """""". TrPS­
alorls display. 

TIuI TIT'S display rsquirss ths "quiak-a"tion"data sntry fsatuN as an 

int..gral pdrt of tlol display. 

TIt.. inforouti"" displaysd by th.. TIPS and ASDE-3/rAGS is quits diffusnt 

in natura and """ld ....quire an aNa almost equal to th.. s"'" of tM in­

ditlidual aN'<IS (unl ..ss the aNa ""''''' tints-shared. probably not a ""rkabls 
arrang"""",t ) . 

6.2.4	 Idealized Controller Stations 

The new systems, especially TIPS. will require a great deal 
of space~ which must come {rom: 

a) existing space space 

b) space created by removing excess or obSOlete equipment, 
such as FDEP er flight-strip racks, 

c) space created by combining or consolidating existing equi~ 

ment	 in a more efficient arrangement. or 

d) new tower cabs. 

6-4 

\ I	 3 ') 

\
 



It would be desirable to have some rational way to minimize 
the demand for space on the part of the new systems and maximize 
the space made available from activities (b) and (c) above. An 
attempt was made to derive an idealized cab layout, or more pre­
cisely, a set of idealized controller stations, strictly from 
human engineering principles unconstrained by the actual physl~~l 

sizes of specific projected equipment or the limitations of spec­
i fic tower cabs. 

The idealized configurations are based on a NAFEC controller 
station design developed earlier under another program. 

""ite thie etation ""'s a good basis on Llhich to develop configuNtione 

d6nlJsd freom inform:ltion nseds6 it io pl"ObabZy not p7'aotieal /0'1" aetual 

USB be-cause of its 14rgs siBs. 

The basi~ arroangement developed for the LC station oonsists of an area 

pictozoial dieplay suepend6d above the co"t",UeJ' 's U"e of sight and 
art airpo~ pictorial display in the console bBSids an alphanl47lenc 

di.play. FlDlCtion-s.leot keys <U'8 situated belOlJ the airpoJ't pictozoial 

di.pI.a!1 .,,<:1 atphan"",.J'ic keyboazod and PEN betOlJ the alphanUM<lMC display. 

The developed GC station i. simital' but Llithout the QJ'ea dieplay, Llhile 

the CD and Ffl llaue o"ly the alplumumeJ'ic display and keyboard. 

Communications and auxiliary equipment are provided at each station 
where needed. 

6.2.5 Sensor Collocation 

The possible collocation of TAGS and VAS senSors at Chicago 
and Los Angeles was studied to assess the cost and other advantages 
which might accrue. 

It !Ja8 conclu.J.,....d that because of some inccr.rpatible requi1"enfent8~ colToca­

tian was not always possible. FW1"the~~~ ~he" it was fBa8ibte~ the 

1'68ulti11f1 cost savings lJOuld prebabl.y be only on the OrdB~ of 5 pel"C'tJnt 

of the tctal systClff cost (07" about 20 pel"C'ent co! the l"egiCH'I's cost). 

~ht31" c011BidemtionB. 'wt.>ever. such a8 the reduction in the number of 
obstl"Uctions PJ.eaJ' the l"IVtL.lays and efficiencies in site contl'Clcting uork... 

-may Make coltooation L>o~th considenna 0" a daSe-bY-daSe basis. 
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6.3 THE EFFECT ON OPERATIONS IN THE CAB 

The effect of the new systems on the operations in the tower 
cab can only be estimated since none of theM have been operated 
under real conditions. However, the work on both the Rctual tower 
cabs and the idealited controller stations, as well as considera­
tion of what the various new systems are eX?ected to include, has 
led to some general conclusions. 

Ths;'" »in havs to bs SomB adj""tments i" ths way aontmnsTS operats 

bsoauss of ths la~k of spacs """WId s'""s of ths displays, espsei.any 

those that IIllUlt bs slrmwd by mol'S thao1 ~s positi"". 01 the other hmId, 

si""s flight strips »in M Zo7lgsr bs po,ssed ft'OM po8iti~ to positio", 

the Zooot""'" of the etati""" i" ths cab may bs se l,,~tsd "" ths basis of 

operatiootat """vs"i"""s rather thao1 flight-strip po,ssi7lg. 

Imlsss thsN is a marksd cha7lgs i" the TIPS c~ept; vi•. , to "'<Ike pm­

vision for ertensiVB BcratO'h-pad OpS1"at1.0n0, the contro1.l0l"f1 Ui'll have to 
devs z."p IIIOre l'stB'lltive memories or Bupplement the system with scratch 
padS of thei.r OlJna TheN seems to be erJidence that cOPItroZle1'8 MBd and 

lUIS the sm-atoh-pad capability of the flight strips; "heth.r Hey oanaJapt 

to a TIPS muril"On'PJ6Plt ~thout scratch pad should be the subjsct of e--pel"i­

ment dta'i"fJ the TIPS s~~sri7lg t ••t phaes. 

The lB"f]th a>td oomplso:ity of L!Sath... a>td L!Sath.r-related m.ssages in the 

syst"" »itt i""rease LJith the advent of the LJaks vorl:e:t:, "iM shear a>td 
""tOlllatsd metsorologiool systems. Pl'Ovisio~ for hmldti..g thus data 

a>td oonveyi"fJ the i"formati"" to ths o~trollsTS a>td pilots are at ths 

""""""t fi'o.gmmItsd am<mg ths varia"" """ systems. A """osrted sffort to 
sta>tdardias a>td cartbi~ the TIPS, ATIS, AV-AWOS, WAS a>td LJiM shear 

aspsots of ""'ather a>td status messagss should bs mountsd ~., ensllJ'S that 

aontl'Ottsr LJOrktoads are 7IOt uMuly i"oreased a>td that i"fomratio" f'1.o,l 
i8 not impeded by incompatible formats or procos8ing requirements. 

6.4 HUMAN FACTORS ASPECTS OF SYSTE~I INTEGRATION 

Controller operations in control towers exhibit certain chara­
teristics which are not found in operations in other ATC faciliti~ 

namely: 
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a. high Teliance en visual cont~ct with aircraft, 
b. ~ontroller mobility, 
c. frequent standing operations an~ 

d. wide rang~ of ambient lighting conditions. 

The design of systems and equipment to be used in the cab must ta~ 

these factors into account a 

Another !1ePl6rol feat""" to be noted is that controllers may ha"" 0PI6 hand 

conti"""lly ocCllpiea with a PNss-to-u,lk switch; rtm.> equiP'"Bnt should 

atJ<>id Z'6quirem<mts for tr.>o-handed operati"". 

The ""'" syst""'e LJill not. i" gBnerol. pro.id8 IJOrklcad relief to the 
contr-olZer in t1ul cab; moat Of the e1.enlsnts are designed to p6zwrit the 

oontrollsrs to d.:> LJhat they are doing nolJ but LJith a gr-eater degree of 

effective~ss. They provide more aCauJ"ate data, m:Ik-1 the data moN 

acc4ssible or pr-ovidfJ netJ types o{ data. This increase in e{{ective~ss 

generally involve, an inc~ased workload - mo~ data to p~ess more 

aircraft to service and mol'c in{omution to 1"6 lay. 

The i"troduction o{ the new systems tJitl also, in gerUrl"tll, add equipment 

to already crotJded to!Jo6rs, l't2aking the acmtrollers f gnviroonment less con­

duci"" to efficient operation. N.., displ<1.ys and keyboard. are calledq 

fo7' which could ",ore than {itl the available COUilter space; requiM.n9 

",easures such c.s the flOol'-IP/olmti"9 o{ displ.ays. Thie LJould {orce 

contl"'Olle.rs beck awy from t.rindorJB, l'6ducin9 their. in some cases already 

restricted. visibility~ 

To alleviate the,e two conditions -- cont~llcr workload and uork-area 

c~in9 -- the nctJ ~Y8t~~8 to bR int~uced {'ltJ the caba should be 

i"tegroted IJhere possible. The effect of the i"tegrotio" should be: 

1) t:o prouide i'l~rett8ed processinJ of data to J'e lieve the controller 

of t1-oP ~(I estimate or calculate mentally; an example is "time 

to thr I" f(lr approaC!1~in(l ai1'C!'t"?ft, and 

2) to . •ine display output in a tJay whi~h pJ'tOvides infomution 

conveniently and efficiently; !(lr c%a"'rp:e, tinte-of-day and met(JlJTt 
­

olcgical readi'1{]s on a display such as TIPS. 

To the c.rtent 'that the cJ'lt'r"ol.lcrs .!ml h.1II...!l(' i'I,~r('t1i!c,! 1.'"}l'k7..'.t": ef[(,(·­

tillely and &.[elII, tl:rr"l' t!'{'\!:4,·t:i.!..!f!:1! will l'-.: i,:r-rr[U,;."d. Thr }::41"'k1P1 
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factol's evaluations and l'ecarrrenda.ti'ms of this study a1"e all aimed at 

incl'easing the aS8U.rance that. giveP1 these system inrp1'OVemeP1ts, con­

trolle1's will be able to achieve inc1'oosed system th;'0U9hput. HotJevel'. 

"inc1'sased ccmtrolle1' productivity caP1 rIOt be guaraP1teed frem desigP1 

stu4-:es; hence. the emphasis iP1 the 1'eC(7ml~ndat1:cr:.s that simulation 

studies be iP1itiated as early as is feasible. 

6.S	 FUNCTIONAL INTEGRATION OF THE SYSTEM 

As a general rule. each of the systems being developed under 
the Major System Development Programs has been designed to act in­
dependently of the others. It is appropriate at this time. when 
deployment plans are being prepared, to think about ways in which 
TIPS. TAGS, ASDE-3. WVAS. etc. could be implemented in an inte­
grated, cooperative manner. Two areas of possible cooperatio~ 

suggest themselves. 

TIPS should be regaPCkd by all of the other syst"",s as the comtrol com­

lIIlO1ication path in the toI.>er/TRACON complez. This is a natural e.rtension 

of ths current TIPSIAHrSINAS "",""""ic"tione concept and L>OUld seroe to1 
N.tionalu6 ar.d stmuiardiae the cormrunications p'l'OCe.8S iP1 the canpZe%.1 
The data-processing f\mctione of TIPS. TAGS. WAS. LJind shear. and 

meteorolcgical systems should be integl'ated in one fashion or anothsr. 

Both a	 single minicomputer. and a configwoation of microcompztters flJere 

put foroJard as possibilities. The advantage of such an approach is that 

data derived from tl-.e sensors of all of tl:e systems "'auld be available 

for use and for display by any of them. In particular. the "'eathsr and 

wather'-Ntated data. from WAS. Llind shem'. and lfIet6.)rological systeMB~ 

IJOUld be available for display on TAGS andlor TIPS and WAS data lJOuld 

be available to the AHrS metering and spacing fwuo'ion. 

6.6	 INTERFACES ~IONG TOWER CAB SYSTEMS 

The interfaces between the controllers and the tower-cab 
systems, both old and new, and between th~ systems themselves are 
a matter of great concern. The matrix in Table 18.6.1 shows the 
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intcrfaccs betwecn thc controllcr and the ten systems considered 
in this report. Thc spaces markcd '0' indicate that thcre will 
probably be no .important interface acros~ which information or 
control "ill flow. The spaces marked' f' indicate that any inter­
face is indirect, as for example; N~S/ARTS, ~hich will exchange 
information via Tr~S. Note in thc C3~e of th~ ~ontro])er and MLS 
that n status~only interfacc is indicatcd, which is m~ant to imply 
that the controller will hav~ the responsibility for monitoring 

TABlE 6.6-1 MSDP TOWER SYSTEM INTERFACES 

Controller liAS AIlTS TIPS TAGS IlVAS 
Wind 
Shear 

Met.oro 
IOlical jMu rss DABS 

Coatroller X - - - - - - - - - -
lIAS I X - - - - - - - - -
ARTS " " X - - - - - - - -
TIPS " " " X - - - - - - -
TAGS " I I " X - - - - - -
lIYAS " I " " I X - - - - -
Wind Sheat' " I I " I 0 X - - - -
Meteorololical " I I " I 0 0 X 

HLS S 0 0 " I 0 0 0 X - -
PSS 0 " I " 0 0 0 I (\ X -
DUS I " " 1 I 0 0 0 0 0 X 

I • indirect interface 

• • interface di.cu••ed in the teat 

• 

\ 
~~. • v • • . • ,~_'... " 

l 



equipment performance but will not get informati~n from MLS with 
respect to the air traffic situation. 

The interf&ces marked with asterisks will be discussed in the 
paragraphs below, with the discussion of the indirect interfaces 
interpolated where appropriate. 

Controllor/ARTS 

For tM "",ot part. tluo intorfaoe b"t1.>8... the aontrollor and ARTS .nll bo 

lMOhangsd. at toast szteze,sally. 6Jh61l t1a8 I'U!lJ SYSt61flB aN i"tflOduOf~d. This 

wi~~ b8 both b8oaka. tho intorfaea a~raadY 6Ziato and io in ~o. and 

beoauae thB~e is a need to maintain continuity or operations ro~ ben_rit 
of tluJ OOl'1t.rol16J"8. If, hcu6118,... TIPS ill 7fIads ths oo",m",iootiol'1B OOPItNt 

-=ahangs among the au~tio" BYBt~8 Q8 haB b88n Bug~88tBd, this intAr­

faea ""11 dioappoar in favor of th" aontroll"r/TIPS intorfaac. CarBfu~ 

systenl dosif.PI could make thd chant1~0l1C" LMJ"y simplo by J"Ctairn:n!l. to a 

t.a.rat1 d8(1l"08 tho outu::z.rd' rOJ"" or the itlten:zotion -- Making sinn°l-e.J" actions 

prodUC8 8imi~ reactions in tho ~ situations. 

Controller/TIPS 

Th. intorfaeB />etwBn tM """tro~l"r and TIPS lleo bBen tho o~J"at of 

IlIUCh d"oign offort and probably ao~ld b" iJoproved only after OOnBidorabl" 

U'poriMontation Of' siMultltion. TIw only aNas of oonc61" whioh haV8 beon 

""tod in tMo ot~dy arB tile us. of TIPS to rep~ac" tho flight otrip "ith­

out p'l"Oviding Q NlplaCC1ff6'11t fOl" the GZtQrlsivsly wred "soNtoh-pad" 

funotiorl of th" otrip. and tluo poooibility that tho l'hyaioa~ p~ac_nt 

of tho diop~ay/Jata "ntry dovio"o might be inconvoniont or ""kuard. 

Controllor/TAGS 

Tho TAGS in~t "na o~tp~t ddvi""o "ill ,..sembI" oloooly t/:" ARTS and 

ASDE k"ybOilJod" and BRITE di"play" al ....ady in ~"". Th" intBrf"o" .nth 

th8 co"tl'OllG~ dOGS not appoazo oritil-""al at this stage. 

Contro ll"r/WAS 

Th" int"rfao" />"tL>eon tho """troll"r and WAS io strairJhtfoNaN -- th" 
si",,;l,G display dctJi06 dosoroibed earlio~. It Jus been suggested thoJt a 

IrION integrated apPJ'Oaoh be follOlJCd by protridipl{I Wl'AS infofWkttion un the 

TIPS, .TAGS or ASDE-J display, th~a 7"O~oing in nw"r the array of d"vi"cs 
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oortf'roonting tlw """troll.r. This. of OOIa'S•• has impliaatiov for the 

data-processing activities in tM tousro. CU' dJIsc'l"ibtJd abovtI. 

Controll.rM'ld Sh""" 

2'1wo """"""'s abo.,. on WAS hold .qwally for the int.rfaOfl bstl.Je... the con­


troll4r and the >rind shear syst.....
 

Controlt.r/lfstsorologiaal
 

rh,," Vl::lPiows m"tflorol.ogioal systems in wBe pl'Ovidtl outp...t to th" C'OPtt1"Oll• .,. 

viaoort.....tional dials and gauges. Much-need.d spac. could N saved. hau­

.v.r. if the digiti••d outputs of the s ...sors ~.re provided to the TIPS 

"""'J'Ut.r for display on the TIPS output dllllic.. Tllis ~uld al40 "",k. the 

"""'siao......ts available for distribution to tlw ARTS and NAS "'"I"'t .... ~ 

.... ll. 

TIPS/NAS 

Tit" interface oott.>een TIPS and NAS is a majo,. one lJhick has be." th. sub­
• j.ct of much thou~ht on the part of system dwelopers. All of the flight 

data us.d in tho te""inal ~ll pas. frcm NAS to TIPS tJuoough this int.r­

fac.. In addition. it is planned that data int.rchang. OOtlo>e." ARTS a'ld 

HAS ~ll pa.s tlu'OUgh TIPS via the sa>r. int.rfew.. If TIPS is established 

as cormn:4.'1ications /l'k1nage~ fo,. the touer/TRACON canpte:, t'len this ints,.­

faae ~ll />c quite I>..Y. serr,i'\7 not only the TIPS ...ed•• />ut i"directly 

thos" of TAGS, WAS, lJirui shear aM mett101''O!og.ical systsms. 

rSS/NAS 

This rSS/NAS i"t.rfaOfl "",,:.ts n~ and probably ~ll b.c,,"s ""',... <zutOllt2ted 

and "",re active as vrR flight plan. in "","put.r fo"" are "",d. available. 

DABS/NAS 

The DABS/NAS interf~c. i. not defined at present although its !l....ral 

characttlristicB SdDm to be known. It is ~a17y outsids of th. _oops or 
this uork and is included only rv~ compl~te"e88. 

TIPS/ARTS 

As ~th the TIPS/NAS i~rface. ths TIPS/ARTS int.rfaOfl hos b.... d.scribed 

in d6tail for th6 proctotYPB inBtallatiC'Pt bLat not fo'l" mty prod\iction eysttn
• 
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Again. th. iPltsl'/a~ could It,,"l'VS TAGS, WAS. wiruJ ahsal' and metsol'OlQ!1ia:Jl 

.!I.t.... i::JiNOt/!I' 

If aJ"riuaZ aspaNticr1 atal1da.rdlJ 4l"W SO':l' Ndwcsd to thflSS rrtilcs 01' l~tllS. 

d.pal't...,.. gaps wuld bs Slimirt.ItBd undsl' sat~NtioPl coruJitions. I"tsl'­

an-ival !lap. "ill """. tc b. oNlak.i (or d4t.ot"dJ b!l N&S and dspanurcs 

.,(ZZ hav. to be sYPlc1trot1iafld pl'CcissZy utth tnsas gaps. D~partvN scll('­

dulss "ill h.."" to b" s"nt to N&S and gap tintss sent tc th" CD, GC and 

£C poeitions. id"all!l tllrough th.. TIPS/ARTS int"rfae•• 

WAS/ARTS 

TIl. int.rfae" b"e....en WAS and ARTS "ill uist for th" purpos" of ~ng 
""k. vort..., or spaDing infomation to th" "",t.ring and spaoing [uMtiC"18 

of ARTS. It La Noosrrwmd"d .,zsNh."" in thi. reporl 'hat th~ aotual 

PIHIltltags tl"flnB/Sl' N oarrifJd out throough ths TIT'S as a CGrlr7k.""! c""""'Plica­

t,·ortS facility; if WAS pl'e'!odl1s TIPS in ths /isld. hOlJOIMl'. a diNct 

intsl"/acs, it (m[y ttnpoNrtJ. U1: it haoe to be prolti.w.I. 

Th~ tUrrs bstUffsPl clkmges in /¥tfJorolo;toal conditioPlS sufficie"t to pro­

duc~ CMn(1(..g iPl WAS iruJicatio'Ut is t1stUrutsd to bs of ths sams 0,,191' 0/ 

lIIaq7Iituds QlJ th~ tUn.> Jurina .,n,'oh a1'rcmft "oul.l b.J ,'n th" approach pat/" 

ZS to 30 mirwtss. Thsl'~/ON. ths (~,nmrtic c~ctsM.8tics 0/ th9 1J1et90ro­

!<>giDal p~na .,{U ha"" an "ff""t on tM IUS """"",tations <."tId slwuz.t 

b" takon into account dw-i"g N,fS doot1lorftI61lt. 

DABS/ARTS 

E:ro8pt for ths possibl" US" b!l t"""r o!",ratio"" of th~ data-link capa­

bility Of DABS, ths iPltsl'ralJfJ is nof. G611'1tmfJ to this docU7fh.mt. 1hl! d.Jt.:z 

lirt1c 'MtTY pl'OVS to bs an impol'UJ1t ad.juPlot to tns TIl'S and T..1CS opeNtil"1 

~vsr. Avt'"CItic dslivol'Y (If cl':'aran('tJ th,.ol4ph TIPS and t"ms.rm'ssilm 

of NLS-dsM.vsd poditiOfJ d.'ft.l. to TAGS ilNt ~tt'S 0/ ['<'ssibtp data·li"k 

ItBf1'S. 

TAGS/TIPS 

TJts TAGS and TIPS SystCMS LJ1~t! Jkll'S "t'f1'd to ~.:t'L"haP1~1"'~ 1:"/~'~ltr"(mJ su('!h 

QlJ fLiaht data {'ron! TIT'S and a"t"al tUn.> "f arl'i''<11 from TAGS. If th.. 

ayst~s ~ ~l~"tod with s('parats comput~l'sJ th," a m9aSaa8-~hangp 

ttapability. h~ and so~. must N Pl\.."1~1:dfJd. I/, as is oU~JgGst~\l 

9Q.~li.;,. iPl this dOOl#ffmtt., ths p1"P<'!'f1ssing /acilitr"ss 0/ thtl h.l,' B!ll'-tl1Jl8 
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aN i"tagNt~. tlum tlae infomatiem t'l'<1NJfal'''':ll be poe.ibla ""ing "hat­
"'al' intU'pI'OOeu OOIIP.I4ril>aticme taalutiq... aN pl'OlJid8d by tha cp61'Qting 

.I/.t.. ""ad. 

""'''11 int.,.fa.clls; i~ •.• WAS. llirul SJtQlI7 and l!atllcn.eolO(Jical/TIPS. a:t'6 

.i... la1' to .aah othal' in that elae!! ...:n ~t eml!! to tha flZtent that elae 

integration BU9911.ticms pNstlnted BaZOU.,. aN aatually implfImQ"t"d. If 

it is ae.1IIfed that tlae,.. will ba a llli01'Opl'Oaa••ol' ae.ooiatad with ea"h 

.anaol' to digiti.a and p"'pl'Ooa•• tha data, then tha output. Dan ba p1'o­

Iti<kd to tlae o<mtl'Ollal' aitlael' th1'ough .apaNta lllial'Op"""a••oN and di.­

plail. 01' i"tagNt~ with TIPS (and i"dil'.atl!! with TAGS) fol' p1'OO6••ing 

and di.plail. In tlae f':".t <>aBa, no intal'faoa. m.t; and in tlae .aaand 

O<18a, tha intufaoa. aN tlae /wu'dl.laN and .0ftwCU'lO faoilitia. fol' aoa.pt­

£ng elae data fol' p1'OO6uing. 

If tlae ineal'faoa batwaen WAS and TIPS i. impl"",ontlld, it Dan .a"". to 

o,,"ua!! wale. uort.., i"forrrtatiem to tlae ""'taring and .paoing fUnctiem of 

ARTS. 

IlLS/TIPS 

l'1'ouieion ha. caon IIl<2da in tlae ilLS da.ign fol' g1'OUnd-to-air t~.ion 

of tlwoh data Q.8' aonditloP1 of l"'WIWa!f o~tional lItatus of thtl ~i.danc6 

al/.um and ""atlael' data. If .uah data aN to be pl'Ouidad to ilLS, th.!! 

should CO'Ie fl"Cfff TIPS tasBIIIti'flt} the integration mRf.i07l4Jd abo~ 
pl406}. The in.t.l'faa. would ba a Nthar .tNightfol'lXJ:1'd ......ag. - t""",,­

f"l' faailit!!. 

FSS/TrPS 

Tha"" i. c""Nntl!! no plan fol' an int.l'fao. batl>Hren FSS/TIPS. Ie is 
"""""iuaC!. that allowing flight plane filad at Flight S61'l1i06 Statio"" 

to b. one.Nd di""aH!! into the TIPS data fila. lllight pl'Oua u••jUt. If 

.0, the intol'fac. would p"".Ulllably b. a>ia a ph""a li"" and .tandal'd haN­

lJtUVJ/.oftlJar6 modulo•• 

, If tlae ..ataol'Ologiaal data aoll.c~.d at the airport is auaH<JbI. in tho 

TIPS .P~BlI01". tMn this intlll"faall could hI w4d to tJ01U 1Sy 6U"''' r'ata to 

ths Flight SfJ'rvWB StatiO"_ if (UUliNd. 
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6.7 FAILURE MODES IN TilE TOWER CAB 

There are two aspects of system/failure that have been add res­
sed to some extent in this study: reliability and backup. The 
first concerns efforts to prevent failures while the second in­
volves the reaction to failures if and when they do occur. 

F"iz.w.. COfJIIidel'Qtions """e not Nall!J be"" addNBBed in the design of 

the nBW s!JstBMS (othe~ than ARTS IIIA) sinae the!J arB fo~ the most pa~t 

still in tha ~l'im<Jntal phass of thei~ dsoelol""""t. """" the prinaipal 

oharaoteristics of the n.... s!JstB7llS arB ImoLm with s""'" oe~taint!J and the 

deplo!JIIIBnt p1.a>ul ars Nlatioel!J fired. oonsid8Nble thought must be gio"" 

to the tNdBoffe among oosts. indioidual syst"", Nliabilit!J and backup 

opBN~io,..8. 

Soma NlatilJely simple pr-ovisions fol' continued Opel'atiCM in the euent of 
pmotial s!Jetcm faiz.w.. haoe been oonsideNd fo~ the TIPS tOlJe~ subsyst"",. 

'1'h6 towel' 8uper-viso.,. has the capability to re"anfi(J'U1'6 (through the in­
put-output telOltinali ths poeitions se~ed IT:! the OaMOUO displays. Hence. 

if a dispLay is disabled. a spare unit Dan be assigned to that position, 

OJ'" the position Dan be combined ~th anotncl" to 8~ the same di8pl~d. 

A faiz.w.. in the tOlJel'-display p~ocess"~. "'hile leaving the displatjO",ith 

t1uliro last data pl'6sentation visiblo. disables the tOLler Bub8!18t~11ff. 

The TACS/ASDE-J s!Jstem will ""hieoe a ce~tain "",,,unt of Nliability b!J 

supplying high-z-isk compmumts,t Buch as the trtansl'Jtitter/l"eceirJe'l" sBction 

of ASDA"-J. in duplioote. The hybrid eystom ",ill also pro"ide eomB dupli­

cation of function "'hich will all"'" the eontrolle~ to keep lJO~king if 

pmot of the e!JetB7ll gORe dOlJn. Fo~ _leo if the ASDE scnso~ fails. 

the ATCRBS sensOl' lJill still maintain position and ide11tificat,i(ln 01 al.:' 

be""on-equ{pped targets; if the ATCRBS senso~ foils. the ASDE senso~ lJill 

supply at least position infomoati,," fo~ all tal'i1ets. 

In spite of these effol'ts. the t(X.)6l' opel'"l1'tioll Llill sulfcl' 1..'1:.:" probleMS 

00CUl' in one of the aystt:mS because tht1 cyeti'J1t8 QJ'"t1 inteM"O lated i" one 

ti1a1J 01' anothsr and hence cannot be pl'C'te.cted by mcaSUl'es uJJich affect 

only individual systems. ThaN? must flo 1m inc!usiva plan uhich mk~8 thc 

proper tradeoffs. ~entioned above. It should inoist on hi9h-reliability 

OOIIIponsnts o~ redundant equil""""t lJheN cost-effective and must nuko 

pl'Ovision fol' rsplac6l'fent 01' back-up JUnctions 011 Q systematic l'QBis. 
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• ProoviBion of _I baokup i" tM ev""t of foilla'6 LlQuld ee... to be a 

eel'ioue mietake. TIuo " .... equif"l""t will ""pl<Jce euell thinge as pri"ted 
•	 flight 'etriP<l and etriphold8re; ""eorting to ecratoh padg and ~ritt"" 

fli{,.lt etripe (without baye for o!'gemi.ing tluoo) would ....eult i" em opeN­

tion Il1O"" priJlritive them tM "",et ~rly equipped <>UrNmt Ol"'Ntitmll. 

A .yetemati". i"tegrated p!cm {J!' ,?,Uabl.s. oontiPlUOue opeNtion i. Meded 

befoM ""lI produation eyet... ie pPdau:Nd• 

• 

• 

• 
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