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PREFACE

Th is report was prepared under Pro i~ ct Plan agreement PA-844

“Major System Development Pregrams Integration Anal ysis ,” sponsored
- - by the Federal Aviation Administration , Office of System s )ngineer-

ing Managemen t. it is a summary of three interim reports * w hich
report on the three phases of a studs’ of the impact on the tower

cab env i ronmen t of int roduc ing Major Sys tem Developmen t P r o g r a m
-

• (MSDP) elements into the CONUS ATC system .

The material summarized here is the work of a team of TSC

eng i neers and scien ti sts: J. Bellan ton i , R. Bland , I~. C la pp,
J. Coonan , 1). Devoe , .J, Dumanian , U. Ililb orn , V . Hobbs , .1 . K u h n ,
L. Maddock , A. O’Brien , .1. Raudseps , P. Remp fer , and I... Stevenson .

The contr ibution of the many FAA personnel w ho invested both
t ime and energy in the study must ;:lso he acknowledged .

l 1

• ~~~port Nos. i~AA - UM- 7 7 - 10/ ( f l O T - T S C - P A A -~~’ - l 9 )  , “Charac te r  i :at ion
of Curren t Tower Cab Environments ” , November l9 ”~’ (~~l0 pages i;
Report Nos. F A A - U M - 7 7 - l 6 / ( 1 l O T - T S C - F A A ~~7 8 — 2 ) ,  “Tow e r - R e l a t e d
Major Sys tem Developmen t Programs ,” M a r c h l~~’8 (.~88 pages i ;
and Repor t Nos. FAA -EM-~’8- l( l/ ( i lOT-TS( ’- F A A -  8 - (~) , “ Sy s t e m s  l n te t ~t’~ -
t ion A n a l v~ i s for Future Tower Cab Con f igur:i t i ons/ Sy s tems  ,‘‘ .lune
1978 (314 pace~1.
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1. INTRODUCTION

The tower cab integration analysis was undertaken for the

purpose of id entifying issues or problems associated with the

introduction of new major systems into the existing ATC 5 stein ’s

tower cab environment , and , where feasible , to postulate solutions

or identify areas for further investigation b>’ the FAA . The study,

therefore , examined ‘first-level” issues. The conclusions drawn

or solu tions proposed are preliminary in nature , and are intended

to Le the foundation for more detailed studies or experiementation

to verify feasibilit y and/or identif~’ lower-level problems.

The integration anal ysis project was carried out over a nine-

mon th per i od , January through September 19~~
’, divided into three

phases of approx imately three months each. Fully two-thirds of

the effort was devoted to examination , characterization , and doct .-

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 amount of time for the task of integrating

the information and performing the requisite anal ysis. It was

necessary, therefore , to structure the analysis into a set of

parallel independent studies to examine the integration problem

from several po ints of v iew. Wh i le the resul ts of each of t he
independen t study effor ts was exposed to an exchan ge rev iew and
critique , there was no opportunity to perform a second iteration

through each study to resolve points of contention ,

Sever al important factors presented themselves during the

first two phases of this integration ana ly sis which  influenced

the manner in which the third phase was structured .

1) Each tower cab is essentially un ique in lat’eut , use of

space , and the variations employed in combining controil ci ’ Posi-

tions , mak ing generalizations -i
~~~~i s t a n d a r d i z a t i o n  extren ielv dif-

ficul t.

) The au tonomous des i gn and development process of each

new system cannot adequately address optimum presentation of total

1 — 1
I
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cab information and overall workload of the controller from a

human factors poin t of view .

3) The introduction of several large pieces of new equipment

into “busy” tower cabs is likely to create problems in terms of

space and operations withou t rearrangement of work stations and/or

integration of some equipment.

4) Several of the proposed new major systems (TIPS, TAGS ,
ASDE , and ARTS-BRrTE) will result in relatively large tower cab

— displays.

- 
- 5) Several of the new major systems which were considered

have only a minor link wi th the tower cab (e.g., MRS); the design

of several other sys tems have not been sufficiently well defined ,
- 

- at the time of this study, to assess their impac t on the tower
cab from an operational , equipmen t-space , or human factors po int
of v iew with a high degree of certainty (WVAS, WSI), and DABS data
link).

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 requirements for computer system ’s resources or inter-

faces.

8) Many of the new major systems under consideration will

not be deployed in the field unti 1 the mid- 1980s or later , thus
minimizing the issue of time-phasing between 1978 and 1985.

A set of autonomous study act i vi ti es was formula ted to addr ess
these points. The results are presented as follows:

Points 1 and 2, generaliza tion of the tower cab environment
and the integration of total cab information , a c con si dered i n
the section on Human Factors Aspects.

Poin ts 1, 3, and 4, the un iqueness of tower cabs , and the
expec ted introduction of large displays into the cab from several

new major systems , are cons idered in the Operationa l Aspects

section .

1 — 2  
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Po i nt ~~~, t he po~~~ih1e i m p a c t  of  net% ma lt’ z- t o~~ t o t  t~h i c~
des i ~n concept s and or des I gu det at I s a re  net t o t  I I , 1 S Oil

sidered in the sec ti on on t tin. - t i ona l  and Da ta  P i o c o ~~s t n~ .\~- p t - . t ~~.

Poi nt  ~~~ , i n t e g r a t  t o n  of s e v e r a l  s t s t e m s  u tt l i : i n~ s t ’ f l~~ o i s

deployed ever  the i I i- po rt s u i t  a c e  s d I s c t i s  sed ii the o c t  i cii cii

~Th ora t iena1 .\-~pects .

Point —
‘ 

computer svs t er reqtt i i emeii t~~, i s  ~~~ld i  e~~”e~t t t \

I unc t lena I and ~a i ‘ t ’~ ’~~e s s t u g  \ s p e c  t s s e c t  ten .

i re s u l t  of  ~-o tn t  ~ • I ~ t o  I ~~ dep 1 ~ - ‘ - c i i  c i  ~~~~ t S -

te r s , t he t t n e - p h a s i n ~ c i  s v s t o r -  i n s t a l l a t i o n  ~- t t i ~ e O~
- i~’~~
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7.  TOWER-RELATED MSDP SYSTEMS DESCRIPTIONS

1’h is sect ion cont a ins short de scriptions of I h ose  : l s h Iv t ’ t s of

the st- s tern being dot- c ’ loped liv t he Mal  or Sys tems Dove) eputent Pro —

grams that a f f e c t  the t owet ’  cal’ O~ ei’iI t I 0115 011th Vt i \ ’  I EOlttttt’ll I

2.1 AIR SPACF S1IRVVI I I A NCF

rh~ new MSI1P sv ‘. t o u t s  wi t i cii have to do w it ii a i v~~p ac e - ‘ i t  i -v 0 i I
lan c e  :i i’ t’ ARTS l I lA , A R IS  I i  , flA ilS • and AMPS .

1.1.1 ARTS l i l A

ilie A R I S  I l l  s y s t e m  be ing  in o pe t a t  ion at  ul a t  rpot- t s through-

out the count rv , a n i’flhliflCeifleti t tO the st sto ut c a 11 0th :\R IS I Ii ,\ i
— 

being procured lot’  use a t  the .‘c~ I a  i~~e s h  a t  t- po l - t  ~- . l i -n’ enhance-
ment s being pi’ocu i’ed w i l l  prey ide the t e r m i na l  a t e a  A I C  ‘v ~ t em
w i t  ii new tune t ions anti capah i i I i t ic- s h~ itteanc oh new lii i-dwo re

ol cutouts and so I tw o ro inodu l o s  . The now Ito rdwa t o  inodit I o’ . to lit’

t ies t gned and pieeiii’ od w i I I prey I do th ree  1101% t~~p~b t I it i es

11111 i t  1 proee’~ sot’ opera t ions , remote dot a acqt t  t s t t ton  and J i s p l i t

and use o I pi’ imorv ra t ta t ’  in t al’get - t t ’ack tug.  New so f t  so t’e • in  —

~ intl lug a mu i t  I pt’oees ~or e~. c’c t t t  i y e , w i  11 p r o~ ide lot’ the con -

t I nuous recording oh’ t’ i -it I cal data • auto mat  t c (an I t  dot et ’ t i ott at id

isolo t ion , and a u t o m a t ic  t o c o n ( i g i t t ’ : i t iit n and t - o c t i r t  . Ihes i ’ s i l l
result in f o i l  stt Ic , (a ii — co I t  .‘-I — hour e pe r at  ion o h t he  s \ s t  em.

Add i t  i onti I so h ’twti re w i l l  pro t’ i dt’ t o t  t t a c k i n g  by hoot -on and/or

pi’ I ma vi’ radar of a l l  t a t ’get ~ w i t  hi ii cove tagi ’ . Fh o modu  hat - con —

s t rut ’ t ion of  the soft w o re  w i l l  a l l  ow the l at e r  odd it ion of new

Ope ra t lonol t’unc t Ions such as ~ on I I i~’ I a l e r t  olt~i ut o t o t -  t ng at id

spac ing . ly o n  the b:i j~ A R i S  III s i s  he m s w i l l  ho upgraded s - i t  ii
t he ci’ i t i c a l  do t o  i-ecord i ng k-op al’ t I i t t

I n t hi’ t owe t ’ t ’ ah , t he o ( h o c  t e t I n t i ’ o dttt ’ t u g  AR I - ‘ I I I A t~ i 11

— oppe:t r on the DR Ill di splf l \ ’  w t th wit i cit co~ h ot  t he ‘h is  o ’ -”o~’ t a t  ed

w i t h  A RTS i l l  i s  equipped . Irat ’ktng wt 11 appear b e t t e r  m o t e

c o n s i s t e n t , w i  lb few ei- h a l  so t t -~ t-k’; m d  the s v c t o i u  s i l l  he

ov a  t 1 abl e cen t  t i t t i o t i s  I v • .‘-l hen t ’s a dat

~~~~~~~~~~~~~~~~~~~~~~



Eventually, new , all-di gital displays may come into us e,
these will provide better , brighter pictures at more towers (e.g.,
those remote from the TRACON but within coverage of the sensor).

The ARTS LI lA sys tems are schedu led for ins talla ti ondur ing 1978 ,
1979 , and 1980; remote and all-digital displays are still under

developmen t and would not be ready before 1985; conflict alert and

metering and spacing are also under development and probably could

not be implemented before 1980.

2.1.2 ARTS II

The ARTS 11 is an air-surveillance , data-processing, and
d isplay system for use in small to medium terminal area ATC sys-

tems. It is modeled after the ARTS III system , hu t is implemen ted
w ith s imple r , less expens ive equ ipmen t . Provis ion is made in the
des ign for both TRACON and TRACAB installations. The principal

d ifference between them is in the display subsystem , wh ich con-

sists , in the TRACON vers ion , of a number of plan-view-type tlis-

plays and one tower BRIT E subsys tem; and in the TRACAB , 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 Decod ing Data Acqu i s iti on Subsys tem (DDAS) (1 ) accep t s
beacon video and azimuth information form a radar/beacon suhs~-s-

tent , (2) d igitizes and decodes it , and (3) transmits video to the

display subsystem and digital data to the computer. There are ,

besides various control s ignals , three k inds of input to the DPAS :
v ideo , tri ggers , and antenna synchronization. The DDAS then dis-

tribu tes video to the display subsystem , di g itized range and

azimu th data to the computer , and synchron i z ati on da ta , if re-

q u i r e d , to external equipment.

The Data Processing Subsystem (tIPS) is made tip of a Central

Processor Module (CPM) , a number of memory mod ules , input/output
(I/ O) channels , peripheral adapter and con trol modules , and a sot

of per ipheral equipment.

-- ~~‘— — ——-—— — —-—----—-- — - - - -
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Two ba sic types of Data Entry and Display Subsystems (iThDSl

have been developed , one w h i c h is a newit- developed , self-cont ained

uni t for TRACON USC , and a second which pi’ovides output through
existing DRill su bsystems for use in TRA’CAB and tot,-~’r s. The com-
puter inte l’ face to he suppi led with the DR I TF opt i pment wi l l  he so

de s igned that the I1RITE Subsystem will appear t o  the computer

to he exa~ t 1v the same as the TRACON di spl ay s u b s y s t e m . Therefore ,

the I’RAC.-\il and the TRACON ma” be se t - v  iced by the same coutfiut or

program withou t di iferent lot i o n  as to equipment , and a 1st’ , a
t OW C r BR iii: pos I t  ion con  be t rca ted as i f I t w ere  a rR-\ CON pos it ion .

The ARTS IT computer pt’ogi-nm is ot’ gan I .ctt a~ a Master Control

Subprogram , and four ma Jot ’ ope rat i Otto I subprograms

a - Input Process ing

b. Func tional Processittg ,

c . Deacon input Process  i ng , and
Di splat’ Output Processing.

The M a s t e r  Control sub program schedul es the opet’at ion of the opet ’a—

t io noi  s ub pro g i’att t s in response to  t imet’ in tel’rupt 5 , e t t e t ’ na  I in-

t e r r u pt  s , and f l ags  set liv at her suhprogt’ atn s

The Input Pt’ocess ing Suhpt-og i’om processes  the inputs from a l l
of the dev i c es connec ted to th t ~ tIPS : the DI)AS , the flfltS, s t - s t em

iterip hera 1 s • and , if pl’esctt t • in te r fac  I l i t  v Tel et yp~ 1 lit es Ott

hi gh — speed modems . The Func t i otto 1 Process i n g  Sub pt’ogt’aui s a

co l lec t ion o f’ routines wit ich c a rt ’% ’  out all of the requested titani -

put t at i Oti s oh f l i g h t  Jot ~ • ma i ut enance o f  i ght d~ t a t ab l es  in the

mentorv , and so Le c t ion of dot a fi’om these t a M e s  lo t  d I sp l O t

rite Deat ’on Input i’t t ’c i s c  i ng Sub program i s respons I F Ii’ for
:it’cept lug beacon t’epl ~

‘ nics sa poc  ( a l t  ci’ I ite~- ha te been hmif loved

ht the Input Processing Sub pro graut l Ott a sweep - to - S w o o p  bus i s , and
tar produc iug t a r g e t  r e p o r t s  c o n ta i n i n g  t a n g e  , a~ m u t t  hi , boa~~~tt

co d e , and mode C code , the Ia st named be i iit ~ c o n t o r t e d  to a i t  t tudc’
liv the oppropt’ i a t e  Funt t i otto 1 Suhpt’ogram task utent i oned :thot - e .

The f l isp m v  Output Process i ng Snbprograut has the i oh oh ’ p r o—

pal’ l u g  and mat  nt- i  in lug a l l  d u sp lat -  t a b l e s  m u se d in the ~t’s t em • an d

- ~~~~~~~
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— of managing the I/O command l i s ts  in such a way as to insure that
all of the requ i red da ta are displayed .

The ART S II systems are scheduled for installation during the

per iod 1977 through 1980.

2 . 1 . 3  DABS

The D i sc re te  Address Deacon Sy s tem ( D A D S )  is a surveillance

s y s t e m  un ’ler development which

1) is compat ib le  w i t h the current ATCRBS ,
2)  r e l i e v e s  cer ta in  inter ference and capac it y problems of

the ATC RB S ,
3) p rov ides  increased prec is ion in the measurement of air-

craft position , and
4) incorporates a two-way digita l tiata link which could he

used for ATC or othet- USe.

These system charactet ’istics are made possible by a careful system

des ign which uses a site-located data processor to schedule and

manage  the commun i c a ti on c han n e l , and monopulse t racking bo th to
increase the precision of mea surment and to decrease the number

of interrogations needed per target.

The effec t of DABS on the tower cab operation will he lai’gels

indirect , appearing as better tracking in the ARTS system as

d isplayed on the BRITE display in the cab. If the data link wet-c

imp lemented , some of the communications load on the controllers

could be relieved .

The DABS is still in the development state ; the earliest

deploym ent would he in abou t 1985.

2.1.4 ATCRRS Monoptilse Processing System (AMPS)

In the DADS design , RE radia ti on ti me i s shared betwe en DAB S
and ATCRBS . To provide DABS w ith enough time to carry out all of

its functions , the ATCRBS share is set at around .~5 pe rcen t . Th e
effec t of this reduction is to cut down the number of ATCRBS re-

plies received from a target from about 20 to about S as the beam

2 - 4
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passes it. Since the current t a rge t -de tec t i on  a lgor i thm u sed in
ARTS and the Common Digit izet ’  (CD) w i l l  not work w i  t im so few lil t - ,

a new scheme had to he developed.  The scheme proposeti w i t  Ii PuMPS

uses inonopulse t r a c k i n g ,  where in the return fu’ont each h u h  se of

radiated energy g ives in formation on both range and angulat ’ di c

tance from t he ce it ter l ine of the 1-eceivi itg a n t e n n a . Titus , a s i n g l e

return is s u f f i c i e n t  to determine p o s i t  ion a l t hou g im in pt- ac t  i c e ,

three or four returns a re averaged to insure a c c u r a c y

— Three groups are wot’ k i ng on the monopul se p iou t c ~~ i ~ig , tOcit

w i t h i t s  own point of view. rite s y s t  ent ho i i  I Ii> M i l ’  s I i  i t c o l  it

i abora to t - v and AR [ ) —2- l O uses the la t e s t , tilo s t  -- sophi st i t a t e d  t i c s  i g u t ,

and is a mob t Ic un it mou n t e d in a van. I t  w i i  I l ie ape r o t  ed titith-
v a t - v i ng cond it toti s in nma nv ~ 0 I t  S o f  t he c o u n t  ry  I a t ~ c t  I or ~ t t

t - i ro nn u e n t ~t 1 and i n t e r f a c e  e l  led s in o t t  ito I t~i ir ~ ing - - i t t  I fflind ing-
In use , the van ~ S pa rked as ciea r t he t t a n s u m  I t t  t i g  al i t  enh l i a -

p o s s i b l e , and the re c e i v i n g  an te nna  is il igiu ti a cid c v i i t  i t t o i t i R d
u~ t th i t  — Ti- I ggc t s a u’e 

~ 
cc hod 01  1 lu o nc t Ito t r:a it stui i t t  0 I ~1 iid i c c e d  t i

— synchroni ze the monopttlse t ece iv ot - , whos e out put ca n Ito t i - t n r h - d
on tape  for la ter  ana l  vs i s .

In time meant iitt c , l e x a s  I it st runt-it t s , Inc • , Ito s hit i I t  a t c l v
s Int l lat - device and packaged it as p ou t  of I l i t -  1 ) \ i ~~~ c i t  o ( t Il h u m - t i I

l i t  i s  rece i vet -  w i l l  he i u t t e g t a t  ed i n t o  th e r e s t  o h  t he -t c t  ciii , ac id
tested for i- o mp a t  i h i  i i t s -  and per forman ce durin g I i\ It ~ • i u v t -  lopmi ~~m it

[he t it t  rd vt- i s ion of the Opt I pment ito c hict im h it I t  I i l l  \ idl I / - -

by tIN 1 \ A C  , and is combine d wi t im a Mitt I um~ Ia i g i_ - I u t- I i_ h o c  I M i i i )

into a unit which is called the Super -SI ~-\ P , or SPAI ’ I i , i i i  N I  i - I

ence  to the Sensor Rece iver and Prec ( -~ on (‘~ilA P) l~~m iu i ’ i l i - v u l o i t i - t I
for the I nhanced ART S Ii i  pt’ogr;IP . The - ; c t p e r — S U - \ l t  ~ i l  I l~~ u i ?

\.- \ l 1  C in a j rogrum to deve lop and  opt m i  ‘ th e \i~i~ - i t t  t t s : i i i -  I i i

vol vet! ~ i t  it use of t h i s  ((l U i Pri o ri

T he  mo ttopu i se equi pm ent can Ito l i t 1  a -  p a i l  ni I hi - \ I t . I t t  - i

or as part of the I).- \H S , t~h i rt’ it la n d  1 e h~ Vi ( u ’ P ~; ~~~~~~ 
i - 1  u h’

proces sing. If used o l o n t - , it c on c i us of  :c n i t -  ( u - ~ i t i c u g )

antenna , i mo l t  i ‘channel  r t e i t - I , aciti -t d i g i t  t ~~- r - ; u f u ’  - n i . l b

output of the p i - o c e s s i i t  i s  c t - l i t  I j itoni 1 1 1 0 -  t o  lii i ‘i’ 1~
) ( ru t ‘ d l’  (

;‘ - -t

- ~~~~~~~~~~~~~~ - - - - - - -~ -



-- 

~~~~~~~~~~~~~~~~~~~~~~~~

processo r for use. If used w i th  liARS , it Cons i s t s  of the receive r
and d ig i t izer -processor , w hose output is used at the DABS s i t e  to
develop t he final output to the ATC processors.

The AMPS is only in the development phase; if it were to he

deployed , it would he about 1985.

2 . 2  AIRPORT SURFACE SIIRVEILLANC!

Two re la ted MSDPs w i l l  con t r ibu te to the surv ei l l a n c e  of
t ra f f i c  on t he airport surface. The f i rs t  is the ASD E-3 , a utew
airport surface detect ion radar; the other is the surve i l lance
data-processing and display svstent called Towet’ Airport Ground

Surve illance (TAGS) system .

2. 2.1 AS I1E-3

ASDE- 3 will he a primary gt’ound- situ-ye ii lance radar intended

to replace AS DL-2 at the current ASDE-2 sites , and to pel’nmit a

wid er deployment than is now present with ASDE-2 . The unit will

have the same antenna-rotation rate as ASDE-2 (~ 0 RPM) and a Dis-

play  Enhancement Un it (DElI) to improve the airport map and ci m m -
ate unwanted ground clutter . The brig ht d isplay will likely he the

NU-BRITE d isplay recently developed for ASDE- .. h owever , as an

alterna tive to NU-BRITE , a d igital-scan conversion system will he

developed for use wi th the ASDE-3 engineering model, ASDL- 3 will

he a modern solid-state radar. Reliabilit y will he high. In addi-

t ion , the sy s tem parame ters w ill he cons i de rably d i f fere nt from

those of A SDE-2 in order to improve the system performance during

heavy precip itation . ASDE-3 will he  developed to he compatible

w ith the recently developed NU - BRITE . Except for improved rainfall

performance , ASDE- 3 will look (in the cab) the same as ASDP-2 with

a DEU and the Nll-BR ITF .

ASDE - 3 is currently itt the development phase. If it were

procured , the earliest installation would he about 1982.

2 - t i
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2.2.2 TAGS

ASDE -3 will provide the cab with a plan-view display of the
Airport Movement Area (AMA ) and the location of surface traffic
on the AMA . The purpose of TAGS is to add flight-identity infor-
mation to such a plan -view display . The objective is to eliminate
the need for the controllers to use the voice channel to obtain
flight identity as is now done with A SDE-2. The chief user of
TAGS will be Ground Control (GC) although it will also he pr ovided
to Local Control (LC) .

Several TAGS concepts are currently under consideration for
development . The most likely to he developed is one with its
presentation based upon ASDE -3 (with DEll) and its identity infor-
mation provided by ATCRBS tril ateration . Therefore , TAGS will
probably look the same as Figure 2.2- 1 to the controller. This
system 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 system will combine both sensor systems , it is termed a
hybrid system . The TAGS sensor , in this case called ATCRBS tr ila-
teration , does not use the beacon in a secondary radar mode hut in
a special ground-surveillance mode. Special interrogators would
successively scan small cells (150 by 150 feet) on the airport-
movement area , one at a t ime . The beacon signals would he received
at multiple receiver stations , and the beacon location determined
by trilateration computations. Beacon code would also he received
and recorded . As with digitized radar , the position data would he
processed by a filter tracker to provide smoothed position and
velocity. Unlike digitized radar , beacon code would also he avail-

able. Automatic correlation with flight p lan data readily obtained
from ARTS would eliminate the need for nearl y all manual entry l-’v

the controller . A functional block diagram of the tr i la terati o n
sensor portion of TAGS is given In Figure 2 .2-2,

If TAGS were to he procured , it would proha hly he first in-
stalled about 1985.

2-  
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2 .3 TOWER FLIGHT DATA PROC ESSING - .  TIPS

TIPS wil l  accept , pi’ocess , d istr ibute , and d isplay f l igh t  uut~l
other non-rad ar data for an ent ire term inal area . The ‘.‘-~.tem w i l l

replace the tray of pap ct’- fli gh t strips at each tower cab aut d

TRACON cont roi 
~
os it ion with e lect t’onical lv d i sp laved da ta  on a

new tabular d i s p l ay .

i IPS w i l l  inter face ’  w i t h  the host NA S computer and the ARTS
III computer by means of the Terminal b l i g h t  Data Processor (TEUP)

This processor w i l l  he co 1 l oca t ed  w i t h  t he ARTS Ill couuiputeu- , and
w i l l  ma m t  a itt the’ dat a base of flight and other non- radar dat a for

the ent ire term too I area. The data base wil l  be m ode’ up ot flight

data pr~ vid~ eI by th e host N.-\S c ontputer and 1w the terit i inol area
con t ro l l e r s  1w nteatts ot~ the’ ir m div idua I keyboards . The stot ’ed
dat a h - ill inc 1 tu’le .tlI teu’mi na 1 (light rt ants and cent rol in fot’nua —

t- ion , such as I hR  fl ight plans , \‘FR flight ~Iata (e.g.. I C A -  r e l a ted
informat ion) , a it-port status , Not ices t o  A i riuten (NOF-\\IS) , act i t t’
runways , At utottiat ed Termi nal In fot-mat ion Sei’v ice (AT IS) , and mete  -

orolo g i ca l  dat .i . In add it ion to ma m t  a in ing th i s Jot a base • t h e’
- I TFDP operot iona I program w i l l  p e ~ce s s  aitd rO ute ’ incomin g m e s s age s

to thei u- propeu’ destinations , u~ ill i~ro\ ide flight data t.~ the ’ host

ART CC , l R.A i’ON , and clie nt cent u’ol t ow e rs  iut a t ime lv mannet’ , and
will automat ca l lv compute runway ass ignment s lou’ opera t  ions at
t he c l i en t  cont ro l  to we ’t ’s.

T i  PS has developed a schem e t o t -  rout ing data  from on e’ con t ro l

~ 05 it ion to k t 5  handeff cont i-el 
~~~ 

u t ion that  requ I t o —  a m m u mum
o I butt onpush ing on the part of  t he’ coot ro l ie’ t ’ . Fh is sch e me is
based out TI I’S hay l u g  kutohiedge of the u’unwzt v a ss  igument 5 ot the’
a n -  i va l auiel departuu’ e opei’at ions in the t ermiut a 1 area.  To t ’educo
t h e  number of runway a s s i g n m e n t s  that  contt ’o l  let- s would be requi 1 0¼1

to input to riPs • T I  P5 s ill auitonta t jCfl 1 i\’ comput t’ and di sp l av t he

rout inc runu~av a s s i g nnie’nt fot’ eachi .ut - u - i v a l  antI de par tu re  ope ’ ua t  to n.

li~
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Only when the assignment is in error , would a control ler he re-

quired to make an input to TIPS.

The Terminal Flight Data Processo r  w i l l  iuiter face w i t h  a se t

of displa y processors. There will he a display processor for the

TRACON and one fot- each client tower cab being serviced by T I P S in
the terminal area. Each displa y processor will maintain the TIPS

displa y presentations at that t t c i l i t ~- , will process controller

inputs , and will perform system-monitoring and control functions .
The processor  w i l l  he programmed to perin i t operat i onal posit ions

to be combined , spl it , ou’ shift ed from one display and data entl-v

unit to another .

1 .tc h t ow-er cab and TR-\CON control 1cr will have a tabula t- di s—

pl ay for flight data an~l two data -entr y devices. One data-entr y

device wi l l  he an ARTS ill -lik e  keyboard , and the second data-

entrY unit will he a “quick act ion ” device. In ~e1dit ion , TRAC ON

radar coot rol lei’ s w i l l  he oh le to di sp lay siumiuary f l ight data on

their P lan-V iew Displa ys on a “quick look” basis.

TIPS ins ta ll at  iouts w i l l  take place , under current schedules ,

between 1982 and 198S .

2 . 4 W EATI IFR REl AT ED SYSTEMS

There are thu-ce so - cal led weather- i-e la ted  systems w i th in  the
‘bo or System Peve’lopment Progt’auut :

I . ‘~ ‘‘tex ld~ iso u v System (V.~S1

2. Wake Voi’tex Avoidance System (W\ -\S) , and
3. Wind Shear Detection Svstent (WSDS) .

2.4.1 Descu’ipt ion of VAS

The VA S consists of a Mcteou ’ological Subsystem , includi ng

towers , wind sensot- s , and towel’ coiuumttn ic at ions; .-u ‘Ii cropu-oc os Sot’

Subsystem , which includes proces sot- s lot the met eoro log teal dat a

and fot’ the \ -\S a Igor i t hin ; and a Display Stubsy stem , conu p r is l u g  a
runwaY di spi a~- for t he ccitt i-cl icr , a svst em - s t a t u s  di sp I :uv , a

ma intenance di spl a~- • and a t-ecord i ng capabilit y

2-Il



-
~ 

,
~
,.,. - 

~~~

2.4 .1.1 Meteorological Subsystem

a. Meteorologi cal Towers

The \A S contains a network of instrumented meteorological

towers whose signals are transmitted to a centrally located pro-

cessor , witich uses a simple algorithm to determine if wind cond i-

ti ons wi l l  al low vor t ices to pers ist , and then displays this infor-

ma tion to the controllers. The tower network consists of seven

50-foot meteorological towers positioned to measure the wind close

to each opet’ating corridor.

h.  et eo ro  ~~~~ca1 Sensors

Each tow el- is instrumented with three wind-velocit y sensors ,

one at the 50-foot level and the other two at the 4’ - foot level.

The 47-foot sensors are mounted on opposite sides of the tower to

prov ide a measurement undisturbed by tower shadowing .

c.  Tower Da ta Communic ati on

Transmission of the data from the set of widely dispersed

towers to the centrall y located processor is accomplished with

standard hardware. On eac h tower , a mult iplexer success ive ly
s a m p l e s  the sensor outputs and converts them to a digital word .

This word is seriali :ed and transmitted over standard existing PA-\

control lines to a central facilit y where receivers reconvert the

da ta to a parallel format for input to a microprocessor.

2.4.1.2 Microprocessor Subsystem

Individual m icroprocessors are used to process the data re-

ceived v ia a signal wire pair from each meteorological tower. The

microprocessors contain 8K of Read-Onl y-Memory and 8K of Random-

Acces s-Memory . Each microprocessor is packaged on a single plug-

in hoard , an In tel Model SBC 80/20.

The microprocessors sample the meteorological data output from

each data receiver at a rate of two samples per second . The sampled

wind speed ( R)  and wind direction (~
) are used to compute one-

minute running averages (
~ 

and ~~) .

2— 12
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The VAS processors  o u t pu t  I abc led dat a onto a dat a bus wit It

t he lo i i  ow i rig in forma t ion  f or eat ’ It opt’ u’a t i ng reg i on ~ to I knot
t~ to 10 degrees , gus t ( if app l ic-ab le) to 1 knot , the V ort ex colt —

d i t  lout REI ) or GREEN fot each 1~~net lu g u- ui nway , and I t t  I lui u - e tuut ’ssage ’s

2.4. 1.3 Ui
~~j~

I ’S u h
~~~tcm

a , Runw~~~~ton i t o t ’  fl 1c~~Iav j~~fl~)

The system I nterl’aces with the tu i r  ti- n It’ Ic coO t t o l l  e u~- v in t he
VA S R u n way  Mon i to t - Pt sp I ii i’ . Ilue coot t’oI I Ci- so icc t s the ope int  i ng
cor r idor , ,int d d e s ig n a t e s  ci  thet’ the a r r i va l  (A )  or depa rture (Dl
runway . ‘rh o d i s p l a y  theren fteu accepts data with the cou ’responding

label from the data bus . The co n t r o l l e r  d i sp lay  prov ides i tt cl igi -

tat form the wind d i r ec t  ion , magnitude , and gust in the selected

region . It ’  ui rr I vol s au - c being hand led 1w the cent t o l l  or , the di —

p 1 av I uid i c-~ ted if the vo t ’ t cx couid I t I on~ requ it’ o 0 3- , 4 —  , 5— , or

~— m1 Ic sepa i-a t I on between ii I rc ra ft REP) , ou - I I’ an a l l 3—nu t Ic

sepa rat Ion (GREEN) may be us eel . I f  depa rt  t i r es are be ing itand I
ouui v the wind c’ouud it ions at . e disp layed , anti the REP/GREEN I ntl ica  —

t ion s ire blanked out

b. VA S_ System Mon i tor  DI spla)’ I)J

‘r ite \ A S  Srs t ent Mont tor Di cpl nv sI tow -~ the w I net men-otrement ~
1 u’orn al l t owers  s inn 1 ta uteo us lv , i t s  we I 1 as t lie’ Red -Gu’cen s( at us
of a II runways . The di splay conic1 be used by the ‘I’UAC ON and tab

sttporV i sot’s to ~s ta h Ii sh opei- nt i ng t unway coo l I guu’n t i o n s  i ll c l i i i

I unct ion w i t It ot hc’ r U I )‘port — upcl’nt I ng cout s I cit’ t’a t t o u t S  01 t O i l

st r a i nts .

V AS Maln tennnc c Subsi -stenu

The t A S  e lec t  u- ot u i c s  con so l e  iii so ) u I i t i ses  t l tr \ A S  ma tn t  C l t f l u tcC
stih s~-s t ents • a SMIt , kevhoa ~tI , :uutd pr lo t or , ii cd t o moo I t o  t s v s  l oin

o p e ra  t i on .

VA S Dot a — ~ rd 1 iu~~ Sv s t e i n

Ihe D a t a —  t - ec -o r d I rug System cons I s t s  of 0 ni tie. I i- ac k dig i ta I
magnet Ic t ap e  tin i t w i t It b ut t’ Fe u el t’e ti’out I es  • A l l  cIa t a s eit t t o t he

VA S Rut t twn v Mont to t ’  Itt sp i iiv , the V ’IS S~- s t  enu Mcii i t  ~‘ r I~ I ~
p lat - • anti

k
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the VAS Sys t em Main tenance D i sp lay are blocked and recorded con-
t inuously on this unit.

VAS is sc heduled for deployment at  11 a i rpo r t s  during FY ‘9.

2 . 4 . 2  I)esc r i j t  ion ot WV A S

The WV AS is based on adding to V•\S two features ; name 1 v ,

a. P o s i t i v e - - s e n s i n g  of ground v o r t e x  cond i t ions  to  augment
the pred ic t  ion based oit meteoro log ica l  tower  data , and

h. Expansion of the mic roproce ss o u-  to a l l ow  c a l c u l at  lout of

• the spac ings as a tun c t I mt of a I rc u-a It t Ype

For an approx imate d e s c r i p t i o n  of WVAS , one iuuav t a k e  the p~ e

ceding VAS descr ip t ion  anti add the following:

2 . 4 . 2 . 1  Ground Vor tex  Sensors

The ground vor tex sensors would deteu’iutine , io u’ each a i rcra ft
landing, tite actua l vortex dissipation time , or time of t r a u t s ia -
t ion out of the approach corr icier. S t - ve t - a l  sensor t\- pes are

j ioss i b l e  : tuco ust ic doppler , Int l sec t , or (i\ l a s e r  anemon t et e r .  A t
present , a 1 j ut e- ar a r i-a~- of  anemotneter~ deployed at right angi Os to

the runway appe au s to he t lte most 1 ik elv sensor cho ice .

r ue  detect  ion of vort  ices  by these sensou - s is based on the
fact t hat the pressure anti v e l o c i ty  f ie lds  a s s o c i a t e d  w i t h  a low -

a l t i tude vor tex  extend to t he ground and can he detected by

ground-based sensors .  The a r r a y  of anemou uuetet ’ s woul d mea .o u ’ t’ the
component o f  w intl perpend i c u l a r  to t h e ’ a i t - c ra f t  Iii gltt pa th .  S ince

- 

t most of the vor tex  ve loc I ty f ie ld  is itt that d i r e c t  ion , to  passage
of a vor tex  overhea d w i l l  cause a large change ( i n c r e a s e ’ or t Ie-
crease) in t he ambient c r o s s - w i n d  ve1o c i t ~’ .

2 . 4 . 2 . 2  M~ ni-C o ntp utet ’

One I) i’oct ’s~
;or must he capa b le  of pet ’fo t ’uuuing at  lea s t  the fo l

low ing funct ions for each instrumented runwa :

a . Met tower da ta -samp l ing ,
h. Met tower d a t a - a v e r a g ing,

2—1 4
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c. Tower sensor failure de tection ,

d. l~ind speed and d i re ct ion calcula ti on ,
e. Gus t calculation ,

f. Ground sensor data-samp ling ,
g. Ground sensor data-averaging,

h. Ground vor tex detection,

i. Ground vortex motion calculation ,

j .  Ground sensor failure de tec ti on ,

k. Calcula tion of ground vortex mo tion and wind information ,

1. A ircraft-type data acceptance and checking,

m . Spac ing c a lcula t ion , and
n .  I~arn ing check.

In add ition to the runway-specific functions above , the pro-

cessor mus t also output system status information , incl ud ing sensor
fa ilure status.

W\’.AS i s tentativel y scheduled for deplovr~ent in about 19 S2 .

2.4.3 Possible l~ind Shear Detection Systems

No 1~ind Shear Detection System has been selected or designe d

for future i ns talla t ion. A t presen t , it is possi b le only to de-

scr ibe in general terms several possible systems undergoing re-

s e a r c h  and development.

2 . 4 . 3 . 1  Low-Leve l  l~ind Shear A le r t  Sys tem (LLI%SAS )

The intent of the LLWSAS is to utilize additional anemometers

on 20-foot towers around certain airpo rts to detect propagating

w ind-change zones that intersect the ground. LLIVSAS is designed
to detect horizontal winds associated with cold fronts and thunder-
storm gust fronts. I t  will not  dctcct elevated fronts such as

w arm fron t s alof t; nor w i l l  it g i ve  informat ion on v e r t i c a l  w ind
prof iles. Finall y , al though it will not give any in fo rmat ion
along the f l igh t pa th , per se , w ind s h i f t s  o!~set ’ved at the sut ’ face
can often he inferred to exist several hundt’ed feet aloft.

LLWSAS is a real-time , compu ter-controlled , data ac quisition ,
— 

ana l y s i s , disp lay , and recording system. It takes the w in d -velocity

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ________
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da ta that are received from the remote anemometers , and c ompares
these data with the c en t e r f ie ld  anemometer output • Wind-vectot-

d i fferences are couuiputed hetweeut eacht remote anemometer and tite

centerf teld aneuutotnetet- (CFA) . If the vectot- difference is lau’ge

enough (cu rren t l y IS kno ts) , it w i l l  he interpreted to uuuca n that a

significant horizontal wi ut d shear is present which uutight be hazard -

ous to nit -craft operatiutg in the termin al zone. If a significant

wind shear condition i s  detected , LLWSAS aler ts the controller by

disp laying the wind speed measured by the anemometer that caused
the alert on a di gi tal d i s p l a y  l oca ted i n the tower cab , accompa-
n i e d  by an audio alat’m of about 1 - second durat lout .

W heut the a larm is rece i vt’ ! , t he tower  cont t’ol let’ w i l l  prov i de
pi lo ts  w itit an adv isory which includes the ce n t e r f i eld  wine! plus
the remote sit e loca t ion and wind i nforn ua ti on tha t is d is play ed .

1 .4 . 3 . 2  Gust-Et’ont War niu tg  Svs t enu (G EW S )

Three met coro log i cal  parameters t h a t accompany each gust itavi ’
been ident i t i  ed. In the order of t he it ’ occurrence , the~’ at- c: a

press uu’e irtcrease (hut not necessu r l  lv a jump ) ,  a wind sit i f t  , and
a ten t peratur e—disc ont  inn i t  drop. W i t h  t itat sequence’ ot ’ event s
in m i n d , the FAA sponsoi’ed the development of a co uttpa rat i v ’ 1~-
s imp le d e t e c t  ion technique cal led the Gust -Pt’out t Warning S~- s t  em
(G FWS) , cout s 1st ing of a r rays  of pt ’es s utu - e-~ ump sensors  (I’ 1S 1 st u’ate’-
g ic ally deployed on and off an a I rpot’t . l o c h  P35 is ca l  ibt ’ated to

send a coded signal v in a leased telephone 1 inc  to a cent t’al dat a

recor ding and tes t  d isp lav  console Iocatcet in the base ol the con

trol tower. A si gnal is sent when a press ure rise ot’ (1 .5 nib it t

120 seconds is equaled or exceeded at our site.

A ver t i call y scanut ing pi’obe w i l l  be coupled wit it GW E S and
used pr ima t’ 1 ly for the detect ion of frontal — and iutv c rs lout — related

s hear. l’wo dev i ces  are curreut t ly c-and i dat es  fou’ furthe r’  devt ’ lop-
ment u t  t h is  at-ca . One is the du al sensor acoust Ic ltoppl ci  i-odor ,

and the ot her is the c omplement ing p u l s ed EM Dopp ler radar w h ich
has been i ns ta l l ed for t e s t  log at Dulle s. Together , they fou nt  a
dual ver tical profile t’ system lo t- all-weather dete ction of wind-

veloc it)’ in 30- uuieter inci’ements fi’om about . 0  to the’ St lO — ut t t’te r  l ev e l

- .~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2.4.3.3 Advanced Ground-based Detection Devices

Several advanced ground-based sensors for remote atmosphere-

prob ing have shown promise for the MSDP Wind Shear System. All are

in an earls’ stage of development , and no comple te systems have been

formula ted about such devices .

The ma jor candida tes are :

a) Pulsed Doppler Microwav e Radar ,

h) CW Laser Radar (Laser Doppler \‘elocimeter),

c) Pulsed Doppler Laser Radar , and
d) CW/ FM Microwave Radar.

1 . 4 . 3 . 4  A irborne Wind-Shear Systems

Several Airborne Wind-Shear Sy stems are being developed , which
do no t , however , interact directl y with the \TC system. Among the

concepts being inves tigated are ground/air-speed cotuparison , w ind-

difference calcula ti on , and modified control laws/algorithms for

the flight director or thrust commands.

The various wind-shear detection systems are currentl y under

study; no plans for deployment of other than e pe rime nta l systems

have formulated .

2 .  5 MICROIVAVI :  L A N D I N G  SYSTFM

T he Mic rowave  Landing Sys tem (M1~S) is a prec is ion a p p r o a c h -
and-landing guidance system designed to satisfy all present civ i l -

aviation requit- ements and those that c-an he foreseen lot- the next

3fl ~e a r s .

ML S is an “a ir - det’ ived” system in which the ait ’c u-aft deter-

mines its own position directl y and independent ly of other on-

hoard or gt-ound element s of the ATC system . This sv:;tem embodies

three major cate -gou ’ies of measumi ’ements used in deriving the three-

d imensional guidance information as follows:

a . Angl e-guidance measurement in u :im uth and elevation using

the TRSB t echn i que at (‘-Band lot’ Ku-Band for spec m l  applic ations)

1- 17
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b. Flare guidance by the standard radar altimeter , or , al ter-

natively , by the TRSB technique , and

c. Range measurement using a precision 1-Band Distance-

Measuring Equ ipmen t (DME), desi gned to be comparible w it h exis ti ng
systems .

An aircraft determines its position by making the following

three measurements: (1) approach-azimuth angle referenced to the

runway cen terl ine , (2) an eleva tion-angle measurement referenced

to the hor izon t al , and (3) a range measurement referenced to the

azimu th/liME 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

eleva tion while transmitting coded signals to the aircraft , and
(h) the airborne subsystem which included a receiver/processor

with outputs to standard displays in the aircraft.

Deploymen t plans have been developed covering a phased in-

stallation over the period 1980 to 2000.

2- I R
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3, OPERAT I ONAL ASPECTS OF MSDP SYSTEM INTEGRAT I ON

The in t roduc t ion of the M SDP elemen ts int o the ATC sy stem has
the potential for causing difficulties of various sorts. In parti-

cular , the instal lation of the Display , Data entz-v , and Contr ol

(DDC) un i t s i n  the tower cab and of the sens ors and supp or ting
structures on or near tit e airport surface could cause problem s of

a physical or operational nature. Two studies were undertaken to

inves tigate aspects of these problems; the fit -st addressed the

tower cab phys ic al layou t , and the second examined the feas ibilit y

of shar ing equipment towers among sensoi- s ft’om different systems .

The objective of the cab-layout study was to estimate the

minimum integration of equipment requit ’ed from a cab-operations

v iewpoint. lutt egration for cost reduction was utot considered.

The quest ions addressed wet’e: If the c u r r e n t  cab equipment and
-

- 
s t a t i o n  layou t were to he ma i n t a i n ed , and the ma or flD(’ un i ts
were added to the cab ,

a. Wha t would he the impact on the coit t rol let’ dut ie~ and cab
opera t i on?

h . Would the result i itg operat ion appent’ acceptab 1 e~
c . What equipment must or sitould be integt ’atcd to acitiev e

sa t is fac tory pe rfo rmanc e~
In exami tt ing these quest ions , only the ma jot’ PDC u n i t s were con—

s idered s ince they would have the Pt’ inc i pal Impact on the cab .

The approach taken in the study was to select airports from

each of the critical equ i pment-h osed classes; i.e., classe ’s for

which two or all three major equipntents (ASTC , T I P S , DRI lL) would
he iutstal led , and to perform d e ta i l e d  analyses on eae’it aim ’pot ’t

From these analyses , the results were generalized to t it ei t u’espec-

tive classes as much as possible . -Fhc studs’ of the Icc Angeles

tower cab is summari zed iu t sect l out 3.1 below .

The sensor-integration study investigated the feas ib ilit y of

colloca ting the TAGS and ~‘A S sensors on commout towers. The ana ly sis

for the installation at O’Hare is sumnta t ’ i z ed  in sect ion 3.2 l’eIot~.

3 1
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3.1 LOS ANGELES (LAX) TOWER CAB STUDY

The LAX a irpor t layou t w it h the cab loca ti on i s sh own i n
F igure 3.1,1. The cab is square and is aligned with the sides

fac ing the compass directions. There are two sets of dual-lane

runways , the 24’s on the Nor thside , and the 25 ’ s on the Southside.

The airpor t opera tes arr ivals from the eas t and depar ture s to t he
wes t abou t 70 percen t of the ti me , and this includes the high-

activity periods. Normally, arrivals land on tit e outside runways.

There are six satellite-type terminals , two on the Nor ths i de and
four on the Southside. One-way flow restrictions for large air-

craf t moving between and around the satelli-ties require Ground
Control advisories. This necessitates ramp surveillance which in-

creases their work load . Noise-aba tement procedures and terminal

layou t place most operations on the Southside runways. Most flights

originate or terminate at the four Southside sate lliti e s. For

these reasons , the Southside is of pr imary concem ’n to the cab

(parti cularly Ground Con trol).

Helicopters opera te in to and out of the pad shown in the
f igure , as well as other areas in the general aviation and manu-

facturing area. Opei’ations cross tite approacit ends of the 24’s

at about 500 feet of altitude , and the 2 S’ s be tween the appr oach
end and the cross ing tax iways a t abou t 1 500 fee t .

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 each controller is shown in Figure 3.1-2

wi th and without the Northside Ground Control position staffed .

The LOS was es tablished b y correla ti ng v iew ing angle from the cab
wi th area of responsibility. Also , shown i n the f i gure , is the

BRITE v iewing area. The large “footprint” on the floo r surround i ng
the local controllers represents the area within which an observer

will he able to read the ARTS al phan umerics with 90-percent

a cc u r a cv .

As seen in Fi gure 3 .1-2 , the controllers have good lOS to

their area of responsibility. The only potential interference

3-2
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would involve Helicopter involve Helicopter Control (IIC) , pat’ti-

cularl v when the Northside Ground Control is staffed . II C w i l l
tend to bloc k the v iew of LCZ when mark ing flight strips or scratch-

pad , and LC2 t% i ll tend to block tit e tIC view of the BRIT1 . Some

movement to avoid this blockage is required , but its impact would

he slight .

Wh i le LOS requ i rem en ts look good , the fli ght-strip flow appeat’s

laborious. Due to the layout of the cab • thet’ e would be a great

deal of  movement i’equi ted for C learance Del ive rv (C D) to pass
f l i ght strips to Ground Cont ro l  GC1 and GC2) . If CI) and Flight —

Data (F!)) were moved to a locat i on closet’ to Ground Cont rol , say
at an island neat’ the stairway , the strip flow would he better ,

hu t the con trollers would int erfere w it h the LOS requ ir emen ts of
GC 1 when GC2 w a s  not  sta ff ed. The refor e , at Los Angeles , to limit

the movement required of CD , the ground con t t ’ o l l e rs  do not use
fli ght strips except in spec ia l c ircums tances , they use only a

s c r a t c h  pad . CD t i ten hands off tlte fl igl t t strips directl y to

Local Con t rol or Hel icop ter Co nt rol t’or their use.

During poor cab-visibilit y con d iti out s , the \SIW radar is used .
Figure 3. 1-3 shows the viewing areas for both ASPi and the BRITE
and the contro llet’ locations which must he taken to V l t ’t% them.

Wh ile A SDF does not present aiphanumet -ic s , the same v ie w in g area

that is used for the BRIT1~ is a s s u m e d .  Tlte t’equireu iteutt s which

would dictate this viewing area at’e ta t -get  — ltead i ttg di scr iminat ion
and position i’esolu tiott .

-

~ In examini tt g the poor cab-visibilit y operation , 1.05 to the

surface must be considered . Poor cab-visibilit y rarely eliuninates

all v iew of the sui’face , and controllet’ s generall y prefer di t’ect

viewing to the t’adar presentatiot i if possible (e.g., close in to

the ramps)

As cait he seen from Figure 3.1 - 3 , the ground controlI er~ (CCI

and (‘C2) must stnnd away from t in—it’ s t a t  ion somewitat to see the

ASDE at a good viewing angle. Some movement back and f ort i t  hetwec ut
their stat ion and the radar would he expected to j~et’mu i t sc ratc lt pad

marking and a good v iew of the ramps ( i f v i s i b 1 e) , but the impact
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would be m inor. Southside Local Control (LCI) must move hack away

from his station to see the ASDE . Since the viewing areas for the

BR ITE and ASDE in tersec t , the controller can view the ASDE without

los ing the use of the BRITE . However , wh en using his flight pro-

gress strips , he will have to leave the ASDE to re turn  to  his
stat ion as does Ground Control.

The most serious viewing Problems appear to occur in the North-

side between [IC and LC2 . The local controller has priority on the

use of the surveillance equipment , and must move in to the HC

station to see the ASDE . [IC must either move close in to his sta-
tion , precluding his use of ASDE , or out away from his station

beh ind LC2 . When out away from his station , he can see bo th the
ASDE and BRITE hut 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 problem .

A potential solution to the HC/LC2 viewing problem is to add

an ASDE d isplay to the cab hung bes ide the Nor th si de BRITE on a
- I 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-

pla y is shown simp ly replac ing the current ASDE . TAGS would then

prov ide two ind ependen t cha nnel s wit h each chann el be ing shared
by a ground and local controller. While sharing TAGS between

ground con tr ollers i s no t cons ide red accep table due to the la rg e
number of surface targe ts , sharing between ground and local con-

trol would probably be accep table. Each display channel would

iden tify only the targets corresponding to the user ground con-

troller plus rela t ively few Local Con trol targets (with the depar-

ture queue suppressed.) The TAGS controls and keyboard would he

loca ted ne ar Ground Con trol , the primary user.

The TIPS display un its (wit h “qu ick action ” data entry) are
shown pedes tal-mounted from the floor except for the one used by

‘ Flight Data. At 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 mul tiple keyboards.

3-7  
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The BRITE displays are located as they cu rrently are. BRITE
controls are added to the console in currr:~’1 y empty locations.

BRITE keyboards are assumed integrated with TIPS keyboards , and
are left on the counters near the displays .

- 

- 
The addition of the MSDP equipment has both p os it~ v e and nega-

tive effects on the cab operation. These effects are list ed as
fol lows :

3.1.1 Positive Aspects

a) Fli ght identity is provided to Ground Control yi0 TAGS ~o

assist cont rol un der poor cab-visibility conditions.

b) Inter-controller handoff of flight data is f a c i l i t a t e d  by
TIPS , permitting Ground Control full access to flight data.

c) The LC2/HC interference problem discuss ed p r i-viously 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 pede stal , TIPS may interfere wi th
access to console-mounted controls even if the floor mount is low .

However , the controller can move around TIPS , and can rota te and
tilt the unit up to facilitate reaching the console.

b) TIPS displays and the TAGS , TIPS , and BRITE keyboard s

take up considerable counter space. Writing space for no te and
recordkeeping is very limited for both ground controllers and for

Helicopter Control .

c) The shared TAGS display while acceptable with respect to

alphanumeric clu tter , will compromise the “quick look” and “two-

presentation ” selec t options. When shared , these op t ions will have
to be set up so as not adversely to effect the local controller.

The equipment installation in a more or less add-on fash i on
appears acceptable under the follow i ng cond iti on s:

1) The Northside Local Contro l and Helicopter Control posi-

tions should receive at least a TAGS repeater to relieve the

3- Q 
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interference problem cited. This would even seem advisable now ,
w ith the ASIW system.

2 )  The T i P S , TAGS , and BRITU keyboards should he i n tegra ted
to minimi z e the i r  impact on the limited space available. Even

under t best’ conditions , equipment leaves very li ttle counter space

available for not etaking , e t c . ,  and alt er nat ive means for provi d—
I IIg t h 1 s ma v he requ i red

3. 2 I A ~ S / V A S  SVNS OR I NT UG RAT iO N

Ihe’ deployment of ASTC Surveill ance and Vortex Advisory S s  -

tcm-~ (V \S) at the maj o r  a i r p o r t s  adds two more systems to the air-

port sur face a 1 reads- congested w i t h  terminal curve ill ance , communi —
. - .tt ion- .- , me ’teorolog ical , lighting, 115 , and other systems. Because

the c i t  ug criter i a for both the mult ilater ation TAGS sensors and

th e \ A S  g r o u n d — w i n d — s e n s i n g  t owers fav or locat io ns a t the a i r p o r t

pert pherv (VAS near runway thresholds aitd ‘rA(:s to the outs ide of
t- tnu.avs) , at f i t - s t  g la nce , a collocation seems worth exploring. —

Possible ’ bene fits f r o m  such a col locat ion are a redticed number of

net. towers obst i-uct ing navig able airspace and installation cost

sax- ings . In st a ila t ion cost savings are i n  the form of common

cab Ic runs , common a c c e s s  roads , and com mon sit e cons t ruc t ion
(grading,  survey ins , concre te foundations , e tc  . )

.-\ pt- e l  in m ary plan for TAGS sensor — sit i ng at 0’ Hare done pvc —
v iously  t e s u it e d  in a total of 8 sit es , c o n s i st in g of ~ interroga-

tors  and 3 rece ive  - on lv s i t es  . The l o ca t i ons  chosen are shown in
Figure 3 .2- 1 . Some of the c o n s t t - a i n t s  app l icab le  to TAGS sensot --
sit ing a re :

a. The max inium lute i-yoga t ion base 1 inc is 91 ~‘O feet

h. T nte r i-ogato i- s can he no closer than t~00 feet from the

A l  rport Movement Area .

c . F Inc - of- s ight v is I b j i l t  v must he ma I nta m e d  between at

least  three receivet- s and the n i t - c t - a f t , and two in te r roga to rs  and
the a i rc r;i ft

3 10
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ci . Obs ta c le  c lear a nce ’  requit-ements fot- the nav iga b le  a i r spac e
around the a i rpor t  must he me t .

The’ TAGS DAS s 1 t~~s must he on a i rport property

f . I at cv 1-ogat Ion stat i oti s must he w i t h i n  1 S ,000 f e e t  of  a iv  —

c ra f t  being i n te r rogated .

To pi -ov ide 1 0 1  c o s t  coni pa i - i son between independe ’nt lv -.- i t  ed and
c•o II oc :tted V. -\ s - ‘ TA G S ca se~ , the O’ Ha re h A S sensor dep 1 ovment hard
w a re  and  i us all at ion t~05 t w e re es t  im a e’d for hot h comniun i cii i ion -

Ii u k  c-onf I gurat tons , l and I I me and itt I t  rowave l ink • as  shitm n in
Table 3..~— l .  OnI~- ac qut s i t  ion and i ns t a l  hi t ion co’.- t s a r t ’ shown.
OI~M cost s for either c-onfig ura t ton are not rel evant to the corn-

p ar  icon .

The towc i- locat ions for the I l is t  opel-at ioital \AS sv st t’nt

curr ent lv he’ ing Inst at led at 0’ h a r e ’  • A ugust  1 9’  • are shown in

F i gure 3. 2 -  - Each tower , 50 fce ’t in he ight , must be o uts  i t ic o f

navigabl e a i rspace , titus t be o t t  8 i rpell-t propcrt v , and titus t he :i

reason able d i s t a n c e  awa y  from bu i ld ings , t rees  • elevated ioadwa ~ s~~
e t c .  • wit i cli can disrupt a ir ti ow .

The ~A S sen sor and d i sp ia~
- acqu is i t ion and inst a ll at ion costs

fo r t he’ O’ Har e sv s t e ’ rn  are’ shown in Table 3. 2 2 The \ AS hardware
cost cst m ate is hasc~I on a product ion buy of 13 svst eni s . The
ins tall at ion cost is based on deta l ied es t  m a t e s  pros’  I ded by the

Great la ke s Reg iou fot- the actua l 0’ h a r e  if l st 8  ii at ion.

The current VAS ineteoro log I cii I — tower I ocn t I ot is i t t c  s hown i i i

Figure 3. .~~
— . By apply ing the’ TA GS s i t  ing c r i t e r i a  t o  each t ’t the

\ A S  l ocat  ions • i t  was determin ed that 4 TAGS in terrog ator s i t  cc

could s hare ’  V A S locat ions and ~~~ Ide ’ accept able c-o~-et -age ’ o t  t ht ~’

A~IA (F Igure 3 . 2 3) . The not - th em hal f of 0’ h a r e  c:l ti be co ve t - ed
adequate Iv 1.-v TA GS I nt c r i - oga t  oi- s locnted at V A S  s it e~ S • 4 , 3 , and

A non V A S— s it e’d rece’ I ye on lv s it e’ bet i~’en -Il and ‘)i thresho lds

is reqti i red to el imin a te ’ blocka ges ( l. -\GS~ ) • ensur ing t hat a l  re - i~ % t

on t he AMA ii lw~ivc has 3 i- c~
- e h-crc in v i e w . \• •\5 (~ is not usabl e

at it s cur rent I oc at ion because the ’ in t er i-oga t ion antenna I

degree cove rage l i m i t  at I on does not a I low s t fliU It aneous c ov e ra ge
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TABLE 3 .2-1. TAGS TRILATERATION SENSOR HARDWARE
COST ESTIMATE (O ’H ARE)

9ic row av e
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L ink l and I i  ne *

1. 8 S i t e  Hardware
~~ qui sjtion Costs $1422

(ba sed on buy of 9 TAGS (in cl udes $ 30K ( i nc ludes
Sy s t e m s  in 1980)  s i t e  for M i c r o -  $ 2 4 K

5 In terroga tor Sta ti ons wave hardware ’) cab le
3 Receive Stations c o s t s )

I Cen t ral Con t rol Sta ti on
1 Proce ssor/Display 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. 8 Site In stallation Costs $400K $-173K
Fo unda t i ons
Tower / Shel te r Erec ti on
El ec t r i cal Term ina ti ons
Comm un ica t ion Ins tal la ti on
Power
Ac cess Roads
Civ i l  Eng ineering/Supcrvis ion
30 % Cont ingency 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _
-

3. Tota l  Cos ts  $ 1 8 2 2
(~~cq u i s i t ion  ~ Install ation)

* \s s ume s adequate buried t i. is ted pa ir c:tE Ic c Ipac  i t  v e c
iunc t jt~fl pc~ints  w i t hin 2 t ~~ t~~~

) f e e t  f r n~
-- each I~~\S s i t . - .



‘:W- ---, . -- --~ -.-- -.- -- -—---~~~~~~~ -
-. —-—---- - --.-- - - - - -  - 

V

V A . -  .- .-

- 

9R

FIGURE 3.2-2. O’HARE VAS SITE LOCATIONS

3 - 1 4



- 
:~~~~~

----- - ‘ - -
~~~~~~

- - - --

~~~~~~~~~~~~~~~~

-

TABLE 3.2-2. VAS O’IIARE SENSOR INSTALLATION COSTS

1. Acquisition Costs

Towers
Sensors/ E lectronics
Processor
Disp lay $ 300K

2.  Installation Cost

Tower Founda t ion s
Tower Erec tion

Elec trical Term ina t ions
Underground Cabl i ng
Power

Acc ess Roads

C ivil Engr/Supervision

30% Contingency $18~ K

3. Total Cost (Acquisition tj Inst allation) $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 14R threshold , sacrif icing
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 $1o4K. As Table 3.2-4 shows ,
the 4-site collocation represents about 5 percent 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 . This latter possibility would depend , in the case of
the O’Hare installation , on the VAS sensors being moved to a TAGS
location , not vice versa , as discussed previously.

Table 3.2-S 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 , rang ing from 14 to 22
percent for land line and microwave , respectively.

3.3 SUMMARY OF RESULTS AND RECOMMENDATIONS

3.3.1 Results

A summary of the major conclusions drawn from the cab-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 cab systems as
additions to the current cab stations/equipment appears feasible.
The TAGS displays will be located primarily where ASDL-2 displa ys

3—1 7
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TABLE 3.2-3. VAS COST ITEMS ELIMINATED FOR COLLOCAT ION OF SENSORS

Item Per Site Cost

Site Ground Preparation $ 1K

Tower Pads CConcrete) 3K

New Cable Duct Runs @ 2000’
($5.50/ft. installed , cable included) 11K

Access Roads ($20/Ft) 100’/Site 2K

Civil Engineering 25 work-days @ $90/day 5K

Contract Supervision 12 work-days @ $190/day 2K

Accessholes/Junctions 2K

$26K

TABLE 3.2-4. COST SAVINGS AS A PERCENTAGE OF
TOTAL SYSTEM INSTALLAT ION COSTS - O’HARE (DOLLARS)

~~llocated Savings as
Collocation DAS* VAS* Total Cost % of
Config. Costs Costs Costs Sygs . Total

4 sites $l679K $486K $2061K $104K 5%

7 sites $16~9K $486K $l983K ~182K 9%

*Acquisition costs included are for 8 site TAGS configuration
(see Tables 3.2-1 and 3.2-2).

3 — 1 8



TABLE 3 . 2 -5 .  COST SAVINGS AS A PERCENTAGE OF 1NSTA LLAT I ON
COSTS E XC L U S I V E  OF A CQU I S I T I O N  COSTS - O ’HARE (DO LLARS X 10~ )

DAS 
— 

To tal  % of
C o n f i g u r a t i o n  Alone A l o n e  Co l l o ca t e d *  Sv g s .  Total

M icrow ave ** 640 186 2 2  104
L a n d l i n e *** 4 9 ’  18~ 

— 

5 7 9  
— 

104 1Sl
Microwave (Installa- 

— _______ _____________ ________ ______

tion costs only) 400 186 482 104

*Assumes 4 sites collocated
**Tncludes $240K Microwave hardware costs

***Includes 24K cable costs

L 

~-lQ
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are now . Added ASDE-3 displa ys will primaril y he h u n g  from the
ceiling on yo kes to permit ro ta t ing  and tipping to the best or ien-
ta t ion.  TIPS display and “quic k act ion” da ta -en t ry  uni ts w i l l
primar ily he pedestal-mounted from the f l o or in yokes to permit
rotat ing and tipp ing to t he best  o r i en ta t i on .

h) The chief reservat  ion regarding the s imple add i t ion of the
MSDP cab systems concerns counter space , par t i cu la r ly  a t  the (‘ l ass
A airport cabs. In i n s t a l l i n g  the systems without reworking/

integrating the individual stations , counter space has been drasti-

cally reduced. TIPS will probabl y not completely elimin ate t ie

need for n o t e - t a k i n g .

c) The counter-space limit a tions occur despite the integra-

t i o n  of the  TIPS and BRIT E keyboards. In the study, i t  was  assumed

that the  TIPS and the  BRITE keyboards would he integrated into one

keyboard for Local Control. In this waY , each controller would

have only one keyboard  at  t he  C la s s  B cat’s and two key boards at

the Class A cabs.

d) The add-on-type insta llation does not depend on the
sequence of the ins ta l la ti on.  As currently configured , ASIC equip-

ments can precede or follow TIPS installation . Only new integ i-ated

sys t em fea tures mi gh t change  th is .

e)  O ’Hare , due to its configuration , readily accornodates \A5 -

TAGS sensor collocation w ith little compromise for 4 out of the
\AS locations. Three of the VAS locations are such that TAGS

siting is not feasible even allowing minor VAS relocation . lA X

presents a more difficult challenge , but , given the use of a

cont rol-tower- located interrogator , 3 of t he  4 \AS s i t e  l o c a t i o n s
can he shared. The c o s t  s a v i n g s  alone , p o s s  ih lv only S I~ercen t o f
t o t a l  s y s t e m  c o s t s , are p robab l y  not enough to  j u s t i f y  program
delays to e f f e c t  c o l l o c a t i o n .  However , the benefits for reducin%Z

o b s t r u c t i o n s  to  navigable a i r s p a c e  and efficiencies in site-

con t r a c t i n g  work through the A irwa~ Facilities Regional Office may

make the c o l l o c a t i o n  wor th  cons ider ing  a t  t h e  t i m e  when TAG S and

\ ‘AS production schedules become r e a l i t i e s .
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3.3. 2 Recommendations

a) The two integration issues identified should he considered
- in some detail. They are the integration of keyboards and the

movement of “quick look” controls (TAGS or BRITE Al phanumeric ) and
ASDE-3 “two-presentation ” select “controls to the keyboard 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 and input .

c) The studies should be extended to additional airports. 

w - - - ‘- ~—
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4, HUMAN FACTORS ASPECTS OF MSDP SYSTEMS INTEG RAT ION

4.1 BACKGROUND

Certain aspects of the design and integration of the MSDP sys-
tems assume particular importance when considered from the view-
po in t of the people who must operate the ATC system . As a general
background , some unique features of the control-tower operation

should he noted.

a .  High rel iance on v isual con tac t w ith ai rcraf t .
b .  Controller m o b i l i t y .
c. Frequent standing operations .

d. Wide range of ambient lighting conditions .

Design of any equipment  ( for  Local  Con t ro l  and Ground Con t ro l
e spec i a l ly )  must  he compa t ib l e  w i t h  a c o n t r o l l e r  who f r e q u e n t l y

— stands up,  who must  look out the  window , and who may move about the
cab to ob ta in  f avorab le  v i e w i n g  c o n d i t i o n s .  V i s u a l d i s p l a y s  mus t
be a d j u s t a b l e  in b r igh tnes s  and con t ras t  to compensa te  fo r  both
b r i g h t  and dim ambien t  l i g h t i n g  and for  f r equen t  b r i g h t n e s s  adapta-
t ions  between ex terna l  and i n t e rna l  v i ewing .

Anothe r  genera l  f e a t u r e  to he noted  is t h a t  c o n t r o l l e r s  may
have one hand c o n t i n u a l l y  occupied w i t h  a p r e s s - t o - t a l k  s w i t c h
(as suming  c o n t i n u a t i o n  of cu r ren t  c o m m u n i c a t i o n s  p r o c e d u r e s ) ;  new
equipment  should , t h e r e f o r e , avoid  r e q u i r e m e n t s  for  t w o - h a n d e d
opera t ion .

The impact  on c o n t r o l l e r s  of the i n t r o d u c t i o n  of MSDP e lements
into  tower cabs is summar i zed  in Table  4 . 1 - 1 .  For each sy s t e m
element , the  a d v a n t a g e s  and d i s a d v a n t a g e s  are no ted  t o g e t h e r  w i t h
an i n d i c a t i o n  if the  new element  r e q u i r e s  a d d i t i o n a l  equipment , or
if i t  rep laces  equ ipm en t  c u r r e n t l y  in use .  Where  p a r t i c u l a r  d u t y
p o s i t i o n s  are a f f e c t e d , the i n i t i a l s  of the  p o s i t i o n  arc  g i v e n  in
p a r e n t h e s e s .

From the  AI ) VANTA GL S co lumn of the t a b l e , i t  i s  e v i d e n t  t h a t
MSDP e l e m e n t s  in genera l  w i l l  not p rov ide  w o r k l o a d  r e l i e f .  Most
e lements  are u e s i gn e d  to p e r m i t  the  c o n t r o l l e r s  to c o n t i n u e  to do

4 - 1
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what t h e y  are p r e s e n t l y  d o i n g  w i t h  a g r e a t e r  degree  of e f f e c t  ive-
n e s s - - m o re  a c c u r a t e  d a t a , more  a v a i l a b l e  d a t a  for  d e c i s i o n s , m a k i n g
and , more a c c e s s i b l e  d a t a .  T h i s  i n c r e a s e  in e f f e c t i v e n e s s  g e n e r a l l y
i n v o l v e s  an i n c r e a s e d  w o r k l o a d  - -  more d a t a  to p rocess , more  a i r -
c ra f t  to  s e r v i c e , and more  i n f o r m a t i o n  to r e l ay . The p r i n c i p a l
f e a t u r e s  t h a t  ma~’ unburden  c o n t r o l  l e r s  somewha t  inc  lude t he  de te r -
m i n a t  ion of sa f e  i n t e r v a l s  by \ ‘AS and l~VA S , t he  a u t o m a t i c  i d e n t i f i -
c a t i o n  of a i r c r a f t  on t h e  ground  by ‘l’ \~ S , a u t o m a t i c  r u n w a y  a s s i gn-
ment  by T I P S , and a u t o m a t i c  c on f i  j e t  w a r n i n g  by ARTS.

The D1 S ADVA NT A~ I S  c o l u m n  show s a g a i n  t he  i n c r e a s e  in  d a t a  to
he p rocessed  and r e l a y e d  and in  a i r c r a f t  to be s e r v i c e d . I t  a l s o
shows an i n c r e a s e  i n  d i s p l a y  d e v i c e s  an d s t a t u s  p a n e l s  to  he moni-
t o r e d .  Some of t h e  a d d i t  i on a l  d a t a  w i l l  v e ry  l i k e l y  be inco rpora -
ted i n t o  A I l S  m e s s a g e s , i n c r e a s i n g  t h e  w o r k  and t i m e  i n v o l v e d  in
All S p r e p a r a t i o n  and r e c o r d i n g .  The i n c r e a s e  in  amount  and acces -
s i1 i i i  t v  of in  f o r m a t  ion c a r r i e s  w i t h  i t  t he  need to  pe t - fo rm add i —

t i o n a l  k e y i n g  and s w i t c h i n g  o pe r at  i ons  to  retrieve de sired d a t a .

The c o m p l e x  i t v  of  i n f o r m a t i o n - p r o c e s s i n g  hy c o n t r o l l e r s  i s
i n c r e a s e d  by some e l e m e n t s .  VAS and w i n d - s h e a r  e l e m e n t s  w i l l  in-
c r e a s e  t he  comp 1 < ‘x i  t v  of V i s u a l i z i n g  and eva l uat  i ng  w i n d  - f i e l d
pa t  t e r n s  . i h e  cut -v ed app roach  p a t h s  made  poss ib le  b ML S w i l l
i n c r e a s e  t h e  4 - l i  f f  i c u l  t y  of es t  m a t  i ng t h r e s h o l d  t i m e s  f r o m  ho t  ii
v i  sua l  ob s er v a t  ion and r a d a r  r e t u r n s .

The a u t o m a t  ion of  F SS’ s w i  11 add t h e  j o b  of w e a t h e r  o b s e r v a —
t i o n  to  t h e  d u t i e s  of some t o w e r s .

The ADDU) I~Qfl I PMENT and R F P I • A C 1 l 1  l~Qll I PMF NT c o l u m n s  t o g e t h e r
show t h a t  i n t  roduc t ion of M SDP ci eme n t  5 w i  11 resul t in  a net  in  -

c rease  i n  tower e q u i p m e n t  , w i t h  c o n s e q u e n t  ~
- rowd i ng of a 1 r e a d y

crowded w o r k s p a c e .  i l i spl  av d e v i c e s  fo r  VA S and w i n d  s he a r  (n o t
y e t  spec i f i  ed) w i l l  r e q u i r e  ve t  not- c p r i m e  space .

T I P S , whi le a c q u i r i n g ,  d i s t r i b u t i n g ,  and d i s p I a ~- i n g  i n f o r m a -
t i o n  much more e f f e c t i v e l y  t h a n  i s  p r e s e n t l y  done , does no t  pro-
v ide  t h e  d a t a - r e c o r d i n g  and not epad cap ab i i i  t i es of t he  i l l  g l t t
st r ips t h a t  i t  w i l l  r e p l a c e .  l u r t h e r m or e  , i f f l i g h t st r i ~~
f i  i g h t  s t r i p  h a y s , and f t  i g h t  s t r i p  p r i n t e r s  a re  removed f rom t h e
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tower , the manual backup procedure in the event of system fa il ure

will be wholl y inadequa te.

In summary , introduc t ion of MSDP elemen t s ha s the po t en t ial
for crea ting three major problems for control tower personnel:

a . workload increase ,

h. workspace crowding , and
c, loss of fli ght-s trip capabilities.

4.2 DISCUSSION

4 .2 . 1  Workload

Taken one elemen t a t a t ime , the controller-workload incre-

ment s resulting from the introduction of MSDP elements into the

tower cab do not appear important . It is easy to assume that the

con t roller s can adap t to thes e new demand s , and i t se ems de s i r a b l e
to gain the associated benefits. However , the aggregate increment

in workload , when several of the e lemen t s are added , is more dif-
ficul t t o assess , and should no t he overlooked. The increase in

accident potent ial , when system operators adapt to an increased

workload , is an eviden t prob l em ; adaptation is accomplished by
adop t ing shor tcut s in procedure. A l t h o u g h  t h i s  p r o c e d u r a l  st ream-
lining is gene rally effective , on rare occa s ions whe n a chanc e c om-
bina tion of events occurs , i t can be fatal.

There is ample evidence that controllers , in some towers at

some t ime , are overloaded under pre sent working conditions. There-

fore , i t is d e s i r a b l e , when int roducing ch a nge s , to see k way s of
exploi t ing these change s so as t o reduce w o r k l o a d , or at the ver y

lea st to avoid increasing it.

There  a re  two gene ra l  f e a t u re s  of c o mb i n e d  M SDP elements t h a t
have g rea t  po ten t  i a l  fo r  such e x p l o  i t a t  i o n :  compu t  i ng ~apah  m l  i t  v

and the  d i sp  l a y  c a p a b i l i t y  i n h e r e n t  i n  CRT ‘ s .  Thus , the ~ompn tc1

a s s o c i a t e d  w i t h  ARTS , TAGS , T I P S , n n d  pe rhaps , t h e  w i n d - e v a l u a t i n g
sys tems m i g h t  he used to relieve cont rollers of data proc ’-~’~~i~’

requiremen ts. Al so , the CR1 d 1 sp l a y ~ of ARTS , ~~~~~ and l I PS mi g ht

accommodate the increased d i s p l a y  requirements g e n e r a t e d  by ~. \S .

I 

-
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WVAS , wind shear , and MLS. This process of sys tem integration has

grea t potential for alleviating the MSDP-workload problems.

For example , “time-to-threshold” could he compu t ed for e a ch
approaching aircraf t , and displayed on the local controller ’s

si tuat ion display on demand , thus assisting the controller in in-

forma tion-processing and decisio nma king , and Increa sing the accuracy

of decisions . In the disp l ay area , it has been proposed to repre-

sen t wind-shear information symbolically at the geographical loca-

t ion where it applies on a si tua t ion display . Si m ilar ly, wherever

it see m s to be desirable , the sy stem is asked to integrate infor-

ma t ion from various sources , and t o pre sen t t o t he co nt rol ler onl y
wha t is needed , when it is needed , where it is needed , and in a

format that requires a minimum of further processing by the con-

trol icr.

4.2.2 Workspace

The crowding of con troller ’s workspace by added MSDP equip-

men t can also he alleviated by system integration. Collecting the

ou tputs from several elements for display on a common surface , and
consolida ting various keyboard requirements into a single keyboard ,

can provide considerable re l ie f  of spa ce requiremen ts .

Minimizing di splay requiremen t s should include the i nt egra ti on
of current wi th future ones. Considera b le space on present con-

sole s is occupied by a few weather-related devices (altimeter

se tt ing, wind speed , wind direction , and RVV and RVR indicator si .

VAS , WVAS , and wind shear presen tl y propose additional displays.

An y approximation that can he made to the consolidated d isp l a y  ot’

wea ther da t a on t he s itua t ion di spl a y w i l l  release a cons iderable
amount of p rime space for the local controller. Simi l a r l y ,  using

single buttons to call up sets of information can reduce control

panel and keyboard requirements as well as simplif y information

retrieval hr the controller.

Possible arrangemen ts of ideali zed consoles for local Control

and for c l earance Delivery or Flight Data are given in li i gur e s

4. 2-1 and 4 ,2 -2.
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4.2. 3 Fli &h t-Strip Capabilities

The func tions served by fli ght s t ri ps a s surfaces for data-

recording may he los t when the s t rip s are re p laced by TIPS . Some

of these can be retained by programming TIPS to record certain

ac tion times (e.g., ta keoff , and cl earance delivered). Ot her func-
tions could he retained by utilizing the keyboard for noteta k ing .

Still other capabili t ies migh t he achieved by providing for
special prin touts at the input-output terminal.

Provision of a manual backup in  t he even t of a TIPS  f a i l u re
appears to he a serious problem . Resorting to scratch pads and

handwrit ten flight s t rips (wi thout hay s for or ganiz in g t hem ) would
resul t in an operation more primitive than the most poorl y equipped

curren t operations. Strip holders and portable hay s could he kept

in storage for use (luring a TIPS failure; however , i t is doub t fu l
that controllers t rained and experienced in the use of TIP S c ould
revert effectively to such a manual s\’stem . Certainly, t he problem
of TIPS failure modes should have some priorit y for further con-

sidera tion.

4.2.4 A utomatic Messa Re Generation and Transmission

Because DABS is no t expected to he deployed widel y before

1985 , it s use as an uplink for t ransmi ss ion of digi tal mess ages
has no t heen assumed in the 1~resen t anal y s is. Imple m entation of

DABS will perm i t the generation of command and information messages

and their transmission to aircraft without controller intervention .

This developmen t will have profound effects on t he  roles of tower

personne l in air tr a ff ic con t rol , reducing wo r kload requirements

for almos t every element of the future sy stem. Comp letel y new

disp l a y c oncep t s will he required , and t he co nt roll e r w i l l  he given
a more passive role (monitorin g and approving). New problems will

involve keepin g controllers alert and act ive enough to assure that

they are prepared to intervene when the sit uation requires it. As

DABS capabil ities and utilization bec ome more clearl y specified ,

provision mus t he made for rede finition of controller roles and

displ ay requirements through deta iled simulation studies .

4- 9/-i~~l O 

‘-



- ‘ ‘
~~~~~~~~~~~ 

~~~~~ 
‘ “

~~~~
- ‘ ---- - - - ‘ --- ‘- - 

~~~~~~~~~~~~~~ ‘ i ” ;  ‘
~~~~

‘ 
~~~~~~~~ ~~~~~

‘
~~
‘ ‘

~~~~
‘

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

The tower cab is one of -the focal  p o i n t s  of an e x t e n s i v e  d a t a
ga thering , proc ess ing, and display complex. This comp lex makes

available to the controllers in the tower information the~ need to

ensure the proper operation of air traffic in to , within , and out

of the airport. The input data can he classified as:

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

identification information - - codes tr’- -tsmi tted by the

aircraft which disclose identity or characterist ’<c;

fl igh t data - - iden tity, timing, and c’ ~teristic data

which descr ibe aircraf t expec ted or known to be in the sys tem;
me teorolog ical da ta - - measure ments and predic ti ons of

prevailing atmospheric conditions of various kinds in the surround-

ing a irspace; and
sys tem da ta - - cer ta in f ixed , semi-fixed , and r e g u l a r l y

chang ing da ta descr ibin g the state of the ATC sys t em and it s
environs.

The controller has the task of assimilating the subset of

these data that are needed to carry out the particular duties; the

subse t requ ired wil l  vary , depending on the position. Occasion-

a l l y ,  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 sys tems
should be coord inated 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

poin t of view , interfaces between systems and the interchange of

data between systems should be designed in a comprehensive and

cons isten t way rather than a s ad hoc , uncoordina ted solu ti on s wh i ch
could lead to inefficiencies and error.

5-1
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In general , each of the MSDP systems has the three usual

subsystems: sensor , proc essor , and output (display). This sub-

sy stem breakdown can he used to help iden ti f y common functions and!

or common inputs and outputs among the systems .

The sensor subsystem has the job of prov iding the input sur-

ve i l lance , ident if ica t ion , and / or me teorolog i cal da ta to he used
hr the rest  of the s y s te m .

The usual  t a sk  set for  the  d a t a - p r o c e s s i n g  p o r t i o n  of t he
s~’stem is to d i s p l a y  to the  c o n t r o l l e r  t h a t  p o r t i o n  of t he  a i r -
space of in teres t w ith an ind ica ti on of the t r a f f i c  in t h a t  a rea ,
to keep a l i s t of the a i rcr af t in , or expec ted to he i n , the area
of interest , and to maintain and display the identities of the

aircraf t in the list. To maintain this correlation , the data-

process ing system must convert radar target-position measurements

to its own coordinate system , must maintain the continuity otT the

tracking of the targets with less than perfect data , must keel)

the correspondence between target and aircraft identification

(ACID)  , and mus t forma t and d i sp l a~- the results to the p i op er
controllers.

There are other suhtasks which the data-processing s~-stem

must accomplish in the course of doing its main task. They include

accep t ing inpu t s fro m other da ta p roce ssors and from con t ro l l e r s

via keyboards , mod i fy ing the da ta base and the d i spl a~- outputs to

correspond .

In addition to the basic function , the 1W system has been

cal led upon to ca r r y ou t other func ti on s , such as confl ict detec-

tion , me tering and spacing,  and minimum safe-altitude w a r n i n g .

5.1 FUNCTIONAL DESCRIPTION OF TOWER CAB

A Class A tower Cal) 15 d e f i n e d  in this study as one which w i l l
he equ ipped w it h a l l  of the ma jor and m inor M SDP s y s t e m s .  •\ b l o c k
diagram of such a tower cab and its en v i r o n s  is  g i v e n  in  F i g u r e
5.1- i. The diagram is divided into six areas w h i c h  represent the

remo te sensors , re mo te proce ssors , the t ower cab , remote tower cab , 
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TRACON , and ARTCC . The sy s t e m s  are represen ted  hr blecks for sen-

sors , processors , d i sph~vs , and keyboards , connected and inter-

connected appropriatel y . Some of the b lock s con ta in the name s of
more than one s y s t e m ; e . g . ,  ATCR B S/ DA B S , or VAS/ W\ ’AS / Wi n d  Shear ,
to indicate both that they are alternatives one for the other and

that they have a functional simi larit y at this level. In the dis-

cuss ion which fo l low s, a l l  pos s i b i l iti es w i l l  he inc luded .

The h ie ra rch ical Input , Process , Output ( I I I P O )  chart in Table

5.1-1 shows the data input to the Tower/TRACON complex hr the sen-

sors of t he  va r ious  sY s t ems  and by the computer at the ARTC C .
These da t a are c l a s s i f i e d  as b e i n g  one of f i r e  t y p e s :

a) Surveillance data -- g i v i n g  a i r c r a f t  positions ,

hi Flight da ta  -- giving aircraft identifications and flight

intentions ,

ci Control and Supervisory data - -  giving instructions to

the system to react in some war ,

d) Meteorological , Atmospheric and other data - -  giving

information about the airport environment , and
e) Data link da ta  - -  g i v  in g messages from aircraft.

The m a j o r  i n f o r m a t i o n  ty p e s  w i t h i n  each of t h e s e  c a t e g o r i e s  is
b r i e f l y  de sc r ibed  and the  sy s t e m  or sy s t e m  component , t h r o u g h  w h i c h
the  da t a  are  d e l i v e r e d  to the  Tow er/T RA CON is  c i t e d .

The second column , Process , in this highest — level l i i  P0 c h a r t
l i s t s  the  p r o c e s s i n g  w h i c h  t akes  p l a c e  in the complex  in fire

cat egories , with the major types within the  c a t e g o r i e s  and the

s y s t e m s  where  the  p r o c e s s i n g  is  performed . The c a t e g o r i e s  a re :
• I 11 S u r v e i l l a n c e - p r o c e s s i n g  - -  pe r fo rm c a l c u l a t i o n s  on stir-

veil lance , f l i g h t  , and o the r  dat a to  produce tier i red and predicted

a i r c r a f t  performance , posi tion/ identit~ c o r r e l a ti on , and status-

mon itoring,

2) D i s p l a y - p r o c e s s i n g  — -  gene ra t e  d i s p l a y  t a b l e s , d i s p l a y
command chains , and the like to cause s p e c i f i e d  s e t s  of d a t a  to  be
output to specified display devices ,
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3) Fli ght-Data-processing - -  m a i n t a i n  and m o d i f y  as required

fl ight-plan information for aircraft in or about to enter the con-

trolled airspace ,

4) Message-processing - - interpret and transmit to appropri-

ate process or system messages input via keyboards or communica-
t ions l inks , and

5) O ther proce s sing - -  a s the name imp lies.

F in a l l y , the third column of the chart lists the data outputs from

the complex grouped in to three ca tegor ies :

a) Di splays - - ou tput to con trol ler s i n towe r cab and TRA CON ,

b) Messages to ARTCC - -  con trol , superv isory , and f l i gh t

data-information generated in the tower/TRACON , and

c) Data Link data - -  messages to he transmitted to aircraft .

The key MSDP system , a s far as the tower cab is concerned i s
TIPS , wh ich was developed to replace the FDEP/flight-strip equip-

men t in cab and TRACON . In the course of syst em de si gn , the dec i-

sion was made to make TIPS the repository for the terminal flight-

data base , and to put the larger part of the TIPS data-processing

capability in the TRACON . This led easily to the notion that TIPS

should communica te with the NAS computer at ARTCC to obtain flight

da ta , and fur ther , that the ARTS-TIPS-NAS path should subsume the

functions of the ARTS-NAS link . Thus , TIPS becomes both the
fl ight-data manager and the communications center for messages

among the tower , TRACON , and ARTCC .

These two d e l e g a t i o n s  of f u n c t i o n  a re  presumed in  the  develop-
men t to follow since the~- seem to he solidl y hacked by the analv~~is

done by MITRE .

Bes ides TIPS , the systems to he considered here are  TAG S , t he
WVAS / W ind Shear group , and the Meteorological group . The ARTS I l l
d isplay in the cab is assumed to he the Tower Cab Dig ital Display

(TCDD ) d r i v e n  1w an ARTS l I l A  i n s t a l l a t i o n  whose sensor  d a t a  a re
processed hr a Sensor Receiver and Proccssor  ( SRA P) .
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TABLE 5.1-1. UIPO CHART - OVERALL TOWER/TRACON

INPUT PROCESS OU TPU T

S u r v e i l l a n c e  Data Surveillance Process~~~~

For each a/c  w i t h i n  . A c c e p t  and p rocess  s u r -  . D a t a  b l o c k s :
range 1 to 60 m i l e s  v e i l l a n c e  d a t a , t r a c k  A C I D , a l t i t u de ,
from radar: a/c , correla te with speed , et c.
Range , ax i m u th (A S R )  f l i gh t d a t a .  (A R TS , (ARTS , TAt ~S)

TAGS)
Tabular lists:. For each beacon a/c: . P e r f o r m  ~!S\I~, M~ S, Con- arrival , dc~Range , azimuth , flict Alert cal cula - parture , A C I I )

al titude beacon code tions (ARTS) beacon code ,
(-\TCBI , DABS) etc . (ARTS ,

D i sp lay Process~ p~ T -\ G S , T I P S )
For each beacon a/c
on airport surface: . Prepare di spla ~ s of da ta . Airport status ,
p o s i t i o n , beacon code blocks wea ther (ARTS ,
(T.-\CS) (ARTS , TAGS) TAGS , TIPS)

. For cross- tell a/c: . Prepare  d i s p l ay s  of . C l e a r a n c e s
position , A C I D , t a b u l ar  l i s t s  (TIPS)
beacon code (ARTCC) (:\RTS , TAGS , TIPS)

\ o r t e x a d v i s o r y
F l i g h t  D a t a  F l i g h t  D a t a  Pro ces~~~t~~ or p r e d i c t i on

(V A S / I ~\ -\~~;)
For each a/ c f i l i n g  . Accept  and p rocess  f l i gh t
IFR flight p lan or d a t a  . 1’. in d  Shea r
amendmen t: ACID , (ARTS , TAGS , TIPS) w a r n i n g  (Icind
a s s i gned beacon code , Shea r)
a r r i v a l/ d e p a r t u r e  . Accept  and p rocess  f l i gh t
f i x , E TA/P TD d a t a  m o d i f i c a t i o n s  (ARTS , . T e m p e r a t u r e ,
(A R T S / T I P s  key board , TAG S , TI PS) v i s i b i l i t y .
AR T CC) e t c .  (mete-

oio log i c a t )
C l e a r a n c e s
( T I P S  keyboard) Messa~ es to_ AR’FCC

Contro l and Siipervis ot-y ~iessage Processj~~ . F l i gh t  p l a n  sub -
Data missions , ch a n c es

Accep t  and process k ey -  and c a n c e l  l a t  i on s
For each  a/ c , as ap- hoard inputs (ARTS , TiPS)
propr iatc: handoffs , (ARTS, TA GS , TIPS)
Delete messages (•-\RTS/ . C r o s s - t e l l
T I P S  k ey b o a r d s , •- \RTCC ) Accep t  anti p roces s  d a t a  surve illance

l i n k  m e s s a g e s , p r e p a r e  d a t a  (ART s)
. \s appropriate: outgoing da ta 1 ink 

- -
Reconfiguration messages (ARTS) . i i a n d -~~t t
( A R T S / T I P S  k e y b o a r d s )  m e s s a g e s
D i s p l a y  f o r m a t
( A R T S / T I P S  k e y b o a r d s )

S -

-~~~~ — -  ~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~,_r__~,~a~~~-k, ~~~~~~~~~ ~

__
-
_ _-- - --- ~~~~~~~-- -



- - - ~~~ - -
~~~~~~ ~v’~-’~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~‘ - - ~~~‘~~~~~~ - • ~~~~~~~~~~~~~~~~~~~~~ —- ~~~- - — - ~--- --- -- ---

TABLE 5.1-1 ( Co n t . )

INPUT PROCESS OUTPUT

Metero log ical  Atmos-
pheric and_O~€1~er Da ta Other  Process ing ,  Data  L i n k  Data

NOTA M S , ATIS , A i r -  . Accept  and process  . M essages  for
p or t  s t a t u s  obse rvat i ons  to a/c (DABS)
(ARTS/TIPS key- produce vortex
boards) adv isory or predic-

tion , wind shear
W ind Measuremen ts warn ing

• . from selec ted (VAS / WVAS / W ind
loca tions (VAS/ She ar)
WVAS)

Prepare runway and
Wind  and o t h e r  beacon code a s s i g n-
measu remen t s  m en t s  (ARTS , TAGS ,
(Wind Shear)  TIPS )

Tempera ture , . Accept and process
v i s i b i l i t y ,  e tc .  m e t c r olo g ic a l  d a t a
(Mete ro log i ca 1) (Mete  ro log i c a l)

Data  L ink  Data

Messages  f rom a /c
( DABS)
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5 . 2  FUNCTIONAL. INTEGRATION OP TOWER SYSTEMS

The analy sis of the functional perfo rmance of the future

tower systems was hased on certain assumptions about the course

of the MSDP’s .

- 
‘ a) It i s  assumed tha t the ARTS li lA procurement w il l  go as

p lanned , and fur ther , that certain equipmen t now in  the p r o t o t  \ ‘pe
state - - namel y , the Remote Di sj,i ar Buffer Memory (RP1IM) and the
Tower C ab D ig i t a! ~ i s p l a y  (TC DD ) - - will be developed and procured

in quantit y .

h) The ASP 1i - 3 w i l l  be developed  and procured , and the 1

which is developed and procur ed w i ll be the hybr id  s ste m descr ibe d
earl jet- .

c)  The T I P S  w i l l  he d eveloped and p rocured sub stantiall as

d e s c r ib e d  in sy s t e m  d o c u m e n t a t i o n , and w i l l  act  as a flight-data

managet- and communic ations c e n t e r  fo r  the  sy s t em .

d)  I t  j s  d e s i r a b l e  to d i s t r i b u t e  the  ou tpu t s ~ f t he  wake  —

v o r t e x , w i n d - shear , and m e t e o r o l o g i c a l  m e a s u r e m e n t  sy s t e m s  to the
c o n t r o l  let - s and ATC fu n c t  ions  t hrough some comb m a t  ion of TIPS .

TAGS , A SD I i -3 , and ARTS .

The C l a s s  A Tower Cab and TRA CON w i l l  have a t  l e a s t  s i x  new
pr Ocess  i ng c ap ah i  i i  t i e s  : t h r e e  a 1 ready ident  i f l e d  with separate

compute r s  - - t he  T I P S  Tower and TRACON D i s p l a y  S ub sy s t e m  .ocescors
and T e r m i n a l  D a t a - p r o c e s s i n g  Sit hs~~s tem processor  - - and t h r e e  new
ones - - t he  TAGS , W V A S/ W i n d  Shear , and M et e or o l og  i t - a l  p rocesso r s .
I t  Is sugges ted  here  t h a t  t he  l a s t  t h r e e  he i n t e g ra t e d  in some w a y

w i t h  the TIPS TUPS p r o c e s s o r s .  A num b e t -  of appr o aches  to t h i s
i n t e g ra t  ion are  d i s c u s s e d  below .

i\ m a j o r  b e n e f i t  of such integration is t h a t  t h e  r e s u l t s  of
w a k e - v o r t e x , w i n d — s h e a r , and m e t e o r o l o g i c a l  o b s e r v a t i o n s  and c a l t -u-
m t  i o n s  w o u l d  he d i r e c t l y  a c c e s s i b l e  by 1’1PS ( and  TAGS) , and hence ,
by ARTS , NEtS and the tower and TRACON con t i-oile rs . Tb 1 s w 1 1 1

a l l o w  ( I )  w a k e -  v or t e x  and wind —sh ear infoi-iunt ion t o  he p a ss e d  t o

the  M e t e r i n g  and Spac In g  fu n c t  ion  in a t I me l y fashion , .‘) w a k e

v o r t e x , w i n d - s hea r , and meteoroLog ical-in form ation to he di spt ~ ved
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on the TIPS  d isplays , and (3) g r a p h i c  r e p r e s e n t a t i o n s  of t h e s e  data

to he g e n e r a t e d  and d i s p l ay e d  on t he  ASI ’IL/TA GS d i s p l a y .

The Tower/TRACON sys tem developed under  t he se  assumptions

resembles the one diagrammed in Figure 5 .2.1 .

By f a r , the simplest approach to the implementation of these
• capab ilities would he to procure a single computer to carry out  i l l

• 
of the func tion s , It would he sized to accomp lish not o n ly  the
TIPS data management and communication functions , but  also , t h e
TAGS surv eillanc e 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 tasks , many of

which are ava ilabl e with real-time opei-ating systems devti op ed for

this type of environment.

A different approach might be to assemble a group of micro-

• and mini-processors together in a c o n f i g u r a t i o n  as in Figure S. 2 2 .

In this configuration , the minicomputers at t h e  top of t h e  f i gure
handle the TIPS  and TAGS func ti ons , and p r o v i d e  reduced capabilit y

backup for each other .  They are connec te d to a commo n bus  w h i c h
a l l o w s  them to share i/O devices , such as  communications to t h e
other TIPS computers anti the TAGS display, and t w o  memories: a

data memory and a two-port memory shared w ith the other part of
the configuration . This lower 1~o r t i o n  of t he  fi gure is composed
of the set of microprocessors for the vol-tex , w inti - sh e a i - , and
m e t e o r o l o g i c a l  systems , Each p rocesses  data from i t  s d a t a  -

a c q u i s i t i o n  s u b sy s t e m  u s i n g  i t s  own memor y , and puts t h e  i - e s u i t s
in t he  common d u a l - p o r t  memory t h r o u g h  t h e  lower  bus .  N o t e  t h a t

‘ I  the duty cycle and/or the amount of output d a t a  fo r  each  of t h e s e
systems is relative ly low , as the combined demand on the common

memor y i s  u n l i k e l y  to he a c r i t i c a l  design factor .

This configuration is quite flex l b  Ic  in t h a t  the n u m b er  o f
m i c r o p r o c e s s o r s  in the  d a t a  — a c q u  i s  i t  j O t )  row i s  a rb  i t  a i- v , depending

onl  V on t he  sy s t e m s  i n s t a l l e d  at t he  a i rport i n  q u e st  i o n  . lur t her  -

more , the  s i z e , c o n f i g u r a t i o n , and p r o g r a m m i n g  of t he  m i n i - o r
m i c r o p r o c e s s o r s  of the  top row i s  i n d e p e n d e n t  of t h e  i o w e i  , e\cept

to the  e x t e n t  of the  d a t a  passed through the dual — p o r t  m emor y .

5 - 0—
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FIGURE 5.2-2. MINI/MICROPROCESSOR CONFIGURATION
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The pr incipal recommendation of this section is obviously that
the data-processing functions of TIPS , TAGS , wake-vor tex , wind-
shear , and me teorological  sys tems should be in tegra ted.

An add itional recommendation , almost impl icit in that integra-

t ion , is tha t TIPS be the comm un ica ti on s cen tral for the Tow er/
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

even t of a problem wi th the TIPS TDPS processor , the original NAS-
ARTS link can be recreated . For this purpose , the NAS and ARTS
software handling this communications path should , if it is dif-

feren t from the sof tware commun ica ti ng w it h TIPS , he stored on
disc at NAS and ARTS ready to he loaded and run in the emergency

situation .

Very few real problems involving data-processing , per se , we re
uncovered during the study reported here . Of course , it is always

necessary to keep in mind dur ing sys tem des ign the interfaces to

he developed with other systems , bo th curren t and fu ture , and to

consider carefully the possible interactions. S ince the M SDP
systems have tended to evolve over a period of time , it has been

poss ible to build to a great extent on existing work. In the

data-processing area , this has so far seemed to work reasonably

well.
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6.  SUMMARY OF F INDINGS 1 CONCLUSIONS 1 AND RECOMMENDATIONS

6.1 I NTRODUC TION

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 t ime that was available

for the study , i t was necessar y to carry ou t var ious por ti ons
of the study in parallel with little opportunity for cross refer-

ence. As a result , many of the conclusions and recommenda t ions
- 

I are presented in the text together with unresolved counterargu-

ments. This section consolidates those differing po i i.ts 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

opera tions 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 exis t ing sys tems , 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 PI-IYSICAL INTEGRATION IN TUE C\B AND A IRPORT

6.’.l Tower Cab Studies

The tower cabs of a representative sample of airports , six in

number , were studied to determine physical (and operational)

6-1
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ramifications of the integration of the MSDP systems . In each

case , a confi guration was proposed which included the MSDP systems
appropria te 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.

Although no broad ly applicable findi ngs can be established through those
efforts , both bec~~se of the unique nature of each towtn ’ cab and airport
and because of the preliminary and unverified na ture of the investigation ,
8till the f eas ibility of ins talling the new sy8teme as designed, with
minimzri integration of equipment has been Bhown fo r  these s i-x cases.

it is important to note, moreover, that these anal yses have not been
reviewed by the resp ective airport s and until so vcr if isd and corrected ,
they should be considered quite pre l iminary .

Because airports and tower cabs differ cxitong themselves so radically,
the study should be extended to many more airports.

The following common principles were developed for fitting

the MSDP systems equipment into the six representative 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 , sw iveling in cut-

outs in the counter. This arrangement has advantages of flexi-

bili ty and ease of use over the console-mounted positions.

The floor mount was possible at most LC and GC positi ons (except in

Boston where apace did not pex~nit) -

At most FD or CD positions , the TIPS displays replaced console-

or counter-mounted FDEP or flight-strip equipment .

b. The TAGS display, where presen t , was put in place of the

existing ASDE-2 display . In general , ASDE-3 displays were yoke-

mounted from the ceiling .

Whe ~c an ASDF—3/TAGS disp lay was shared by controller, it waa -t. ’oo’~ a

CC and an LC, rather than two CC ’8. There are too many p~’tontia tar ~wta
of  interest to two CC ’s to f i t  well on a ain~ile disp lay .

(i- 2



— =-•--~ -•-— ----—-—------—--•--,.--.-•••- 

~~~~~~~~~~~~~~~~~~~~~~~~ 
- - .--,-----•-

~~~~~~
--..

~~~~~~~
— -

~
,— -.• • ---••-

~

---•.- - - • -

c. Display controls were mounted on the console , where
poss i le , in spare space or in place of displaced equipment .

d. Keyboards were placed on counters and integrated with

others wherever possible.

Some of the drawbacks of these layouts are :

The sharing of TAGS/ASDFJ-3 disp lays by two controllers prevents the use

of the “quick- look” (TAGS) and “two-presentation select ” (ASDE- 3) features
of the new equip ment.

The f loor-mounted TIPS display makes access to console-mounted controls
somewhat awkward .

The keyboards and displays take up most of the avai l-able counter space .

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

The console—mounted controls could be moved to the keyboard or even
made a part of the TIPS ‘~ uick-action entry ” capabi l i ty.

Keyboards fo r  TAGS and TIPS could be integrated to save counter space.

Additional TAGS/ASDE-3 channels would allow better use of display features

and would reduce interference between controllers.

6.2.2 Integration of Keyboards

The in tegra ti on of the ART S , TIPS and TAGS keyboards was the
subject of a preliminary feasibility study .

The study concluded tha t it would be possible to attach relatively sma ll
- ‘  eupp lenentary keyboards onto the ARTS keyboard to p roduce combined ARTS/

TIPS, ARTS/ TAGS or ARTS/ TIPS/ TAGS ~‘d ts.

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

or all three , system 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 pass ive and simply pass the

signals through to the ARTS processor. In the TIPS mode , the
signals from the ARTS keyboard are added to those of the TIPS

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

6-3



- - . - -— --—-—-—- - —--~—
- - - ~~~~~~~~ --- —~~~~~~~ — - - ~- - --‘---- -— -_

~~~~~~~~

—---- - — — - - --.-----
~

--—--- --- -.-—- --- - .-- ,-

place in the TAGS module.

If a l l -  the MSPT ’ syst ems ar. - Jo 1’ i~~.eJ ao ant f 1’a te~i i~: ~~~~

at l.’aet ?9 ~o~ tro il- er ~‘oc it io ’:a w i l l  be o~~’~’ i i .~! ~‘i t h rmi ?t

keyboards, 1 wit ~: ART:~ and Trr.~ key boards. ~.
‘ fz ’e ’~ t i:.- ~paoe

t fo, e in the aa!’o , t ~ r’ia:~ be ‘,
~~~‘:. i : t o  :~o t f f ~i a kc~iboar! i’:

t io’~ .- o ~’t

6.2.3 Integration of Displ~y~

Combining displays from two sys tems was sugges ted as ano ther
way to save space. This does not seem practicable for a number of

reasons.

The ARTS BRIT~ display does not seem to be suitab le for  use by any other
of the systems because it lacks certain characteristics or f eatures
described be low.

The ASDE-3/TAGS disp lay requires very high resolution, r esulting in a
very expensive unit which would not be suitable as the ccv~ron, TIPS-
alone display.

The TIPS disp lay requires the “quick-action”data entry feature as an
integra l p art of the disp lay .

The information displayed by the TIPS and ASDL 3/ TAGS is quite di fferen t
in nature and would require an area a lmost equa l to the sum of the in-
dividual area s (unless the are a were time-shared, probably not a worka.b?.’
arrangement) .

6 . 2 . 4  Idea l i zed  Con tro l l e r  Sta ti ons

The new sys tems , especially TIPS, will require a great deal

of space , which must come from :

a) existing spare space

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

c) space created by combining or consolida ting existing equip-

men t in a more efficient arrangement , or

d) new tower cabs.

-
. 6-4
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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 ëab layout , or more pre-
c i se ly ,  a set of idealized controller stations , strictly from
human engineering principles unconstrained by the actual physical
sizes of specific projected equipment or the limitations of spec-

ific tower cabs .

The idealized configurations are based on a NAFEC controller

station design developed earlier under another program .

While thia station was a good basis an which to develop conf i gurations
derived f r om inforrnrztion needs, it is probably not practical for actua l
use because of its large size.

The basio arrangement developed for  the LC station consists of an area
p ictorial display suspende d above the controller ’s line of sight and
an airport p ietor ial display in the console beside an alphanumeri c
disp lay . Function -select keys are situated below the airport p ictorial
display ~-d alphan umeri c keyboard and PF2 ’f below the alphanumeric disp lay.

The developed CC station is similar but without the area disp lay, while
the CD and F ” have only the alp hanumeri c disp lay and keyboard .

Communicat ions 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 mi ght accrue .

It was oonciu ~.-.l that because of some incompatible requirements, eel loca—

tie~ ~ za not a lways poss ible. Purthe~nore, when it was feasible, the
resultip east savings would probably be only an the order of 5 percent
of the total mistam eact (or about 20 percent of the region ’s coat).

Othor .onsi ’rcztio~c, however, such as the roduetion in the number of
obstructions near the runways and efficiencies in site contracting work,
may make e lloea t i-on worth “onsidering on a case—by—case basin.

6 - 5
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6.3 THE EFFECT ON OPERAT I ONS 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 actual tower

cabs and the idealized controller stations , as well as considera-

tion of what the various new systems are expected to include , has
led to some general conclusions .

There will have to be some adjustments in the way controllers operate
because of the lack of space around some of the displays, especially

those that must be shared by more than one position. C)i the other hand,

since flight stri ps will no longer be passed from position to position,
the locations of the stations in the cab may be selected on the basis of
operationa l convenience rather than f l ight-strip passing .

Unless there is a marked change in the TIPS concept; via., to make pro-
vision for extensive scratch-pad operations, the controllers will have to
develop more retentive memories or supplement the system with scratch
pads of their own. There seems to be evidence tha t controllers need and
use the scratch-pad capability of the flight strips; whether they can adap t
to a TIPS environment without scr.~ztch pad should be the subject of experi-
ment during the TIPS engineering test p hase.

The length and complexity of weather and weather-related messages in the
system will increas e with the advent of the wake vortex, wind shear and
automated meteorological systems. Provisions for handling these data
and conveying the information to the controllers and pi lots are at the
moment fragm ented aszong the various new systems. A concerted effort to
etandardi se and combine the TIPS, ATIS, AV.-AWOS, WVAS and wind shear
aspects of weather and status messages should be mounted to ensure that
controller workloads are not unduly increased and that information f low
is not tmpede~ by inoon?p at ible f n ~nato or p rocessing re~7ui i’.-”h - ’z ts.

6.4 HUMAN FACTORS ASPECTS OF SYSTEM INTEG RAT i ON

Controller operations in control towers exhibit certain chara-

teristics which are not found in operations in other ATC faciliti~~,

namely:

6-6
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a. high reliance on visual contact with aircraft ,

b. controller mobility,

c. frequent standing operations and

d. wide range of ambien t lighting conditions .

• The design of systems and equipment to be used in the cab must tale

these factors into account.

Another general feature to be noted is tha t controllers may have one hand
continually occupied with a press-to-talk switch; new equipment should
avoid requirements for two-handed operation.

• The new syat em8 wi l l  not, in general , provide workload relief to the
controller in the cab; most of the elements are designed to permit the
controllers to do what they are doing now but with a greater degree of
effectiveness. They provide more accurate data , make the data more
accessible or provide new types of data. This increase in effectiveness
generally involves an increased workload - more data to process more
aircraft to service and more information to relay.

The introduction of the new systems will also, in general, add equip ment

to already crowded towers, making the controller s ’ environment less eo~:-
duci vs to efficient operation. New disp lays and keyboards are called
for which could more than fill the available counter space; requiring
measures such as the floor-mounting ‘f displ ays. This wou ld force
controllers back away from windows, reducin~i t h— ’f r , in some cases already
restricted, visibility .

To alleviate these two conditions -- controller workload and work-area
crowding -- the new systems to be introduced into the cabs should be
integrated where possible. The effect  of the integration should be:

1) to t,rovide increased p’eo. ssirt t of data to r elieoe the ,‘entr o i b r

of the need to est ima t e ~-r eale ~ lat e “: -nta ’l y ;  an ex~ro~r ’ le is “ti-me
to threshold ” ro!’ ap 1’roaeh f n~i •t ir ’r a f t  -* and

2)  to combine diap lay output in a way ~‘hf ch  pro~ idcs i-nf o rma tf o ’z

• conveniently and effi cic ’ ~t- l y ;  f ’r ’ exarq ’7e , t ime—of— icy and mete -~’—
ologica l readi ngs en a J i sp  ‘ tr ,’ o’i t h  •u~ ‘IP~.

To t - U e.rt ( ’n~ ;, l t  tb~ ,‘~~l / 4 -~’O ’ : ’ :  • • ~~~ ) . ~~~ -1 w - ’* -‘ -

t- i~’el 1? •~~‘~~! o z ,~ ’l ;- , t ~e i i  j~ ’ ’ : ~~ . , ‘~ -‘~~~~ wf  • 
t ’ ’  ~- -n• , - - :o ,
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f ac tor8 evaluation s and reconinendatwns of this study are all  aimed at
increasing the assu rance tha t, g iven these system improvements, con-
trollers will be able to achieve increased sys tem throug hput .  However ,
increased controller productivity can not be guaranteed from design

studies; hence, the emphasis in the recommendations tha t simulation
studies be initiated as earl y as is feasible .

6.5 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

- 

- 
- deploymen t plans are be ing prepared , to th ink abou t way s in wh ich

TIPS , TAGS , ASDE- 3, WVAS , etc. could be implemented in an inte-
grated , cooperative manner . Two areas of poss ible coopera tion
suggest themselves.

TIPS should be regar ded by all of the other systems as the central com-
munication path in the tower/TRACON complex. This is a natural extension

of the current TIPS/ARTS/NAS communications concept and would serve to
rationalize and standardize the communications process in the complex.

The data-processi ng function s of TIPS, TAGS, WVAS, wind shear , and
meteoro logical systems should be integrated in one fashion or another.
Both a single minicomputer, and a configuration of microcomputers were
put forward as possibi liti es . The advantage of such an approach is that
data derived from the sensors of all of the systems would be available
for use and for display by any of them. In particular, the weather and
weather-related data, from WAS, wind shear, and meteorological systems,
would be avail-able for  display on TAGS and/or TIPS and WAS data would
be wa il - ’th ’~.’ to the ARTS metering and nrxzcing function.

- - 4~~\ 1’ )’- R C - \F ) SYST I MS

‘ -
~~~ •~~~~e r (~~~ e’ l~e~ -~een t h e  con t r ’ll ers and t h e  tower-cab

— - ‘~~ - 1 . 1  .~~d ~~.b • and be’ween the systems themselves are

~~~~~~~~~~~ ~~ Table l~~.6.1 shob s the
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interfaces between the controller and the ten systems considered
in this report. The spaces marked ‘0’ indi cate that there wi l l
probabl y be no important i n t e r f a c e  across which information or
c o n t r o l  w i l l  f l o w .  The spaces m a r k e d  ‘1’’ indicate t h a t  any  inter-
f a c e  is i n d i r e c t , as fo r  example ;  NA S/A R T S, wh ich w i l l  e x c h a n g e
i n f o r m a t i o n  via T I P S .  N o t e  in  the c a s e  of t h e  c o n t r o l l e r  and M I S
t h a t  a s t a t u s - o n l y  i n t e r f a c e  i s  i n d i c a t e d , w h i c h  i s  m e a n t  to impl y
tha t the  c o n t r o l l e r  w i l l  have  t he  r e s p o n s i b i l i t y  fo r  m o n i t o r i n g

TABLE 6 .6 - 1  MSDP TOWER SY STEM iNTERFACES

Wind Meteoro
Controller NAS ART S TIP S TAGS WVAS Shear log ica l ItS FSS DABS

Controller X — — — — — — — — — —
NAS I X - - - - - - - - -

4 ART S * * X - - - - — — - -

TIP S * * * X — - - - - — -
TAGS * I I * X — — — - — —
WAS * I * * I X - - — - -
Wind Shear * I I * I 0 X — — — —
Meteorological * ~ I * I 0 0 X

IlLS S 0 0 * I 0 0 0 X — —

FSS 0 * I * 0 0 0 I 0 X —

DABS I * * I 1 0 0 0 0 0 X

o — no interface

I — indirect interface

S — atatua only

* — interface diecuseed in the text

( 1 - ’ )
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equipment performance but will not get information from MLS with
respec t to the air traffic situation .

The interfaces marked with asterisks will be discussed in the
paragrap hs below , w ith the discussion of the indirect interfaces
interpola ted where appropriate.

Controller/ARTS

For the most part , the interface between the contr oller and ARTS will be
unchanged, at least externall y ,  when the new systems ate intro ~1uc. ’d. This
w i l l  be both because the interface already exists and is in ac. ’ and
because there is a need to maintain continuity of operations for benef it
of the controllers. If, however, TIPS is made the con,nunieat ions centr a l
exchange anong the automation systems as has been suggested , this inter-
J zco may di8appear i-n favor of the cent rol loi• ‘T TPS int. ’t ~f ~c.~. c a r e f u l-
system desi gn could make the chan~i.~ a’. ‘c :‘. ‘r~ simple ~‘y rot a ininq to a
larqe ~ roe the o~ “ wa rd form of the 1, z t , a• (z ~.t io~: —— r sa kj ’t ; s imilar ac t lonc

?
~
0dUe ’t ’ Bimi l-~U’ reac tions in the tt. ’~ 8! tuat

Control icr/TIPS

The in t r ’f ~~’e 1’. t ooen t ho con t, r ’o / le ’r and TIPS has be. ‘n t he ai ’,i. ct
much design eff ort -  and probab ly uld he impr.a ’e’d onl y af t  or wider able
experimental- ion or a irnu 1-at ion. Th. ’ ‘n ly : i~~~ w ~~ ~ ~~ &‘h ich har. 1’.’. ~
noted in this study are the use of TZ1 ’~ to rep lace ’ th. ’ f i  i~.’ht atri1’ w i t h —
cut pi ’oz ’ idi na a r. ‘f l I cernon t for  I h. ~xt enc iv. ly used “sc r a tch—pa d”
funct ion of the strip,  and the possibil i ty tha t the p hysi ca l p lacemen t
of the disp lay /da t- a en tr ig dot , ie.’c f l?i~7h t be iuc~ ‘~~:t ’ .”t  !Ofl I ‘t.

~ontro il-er/ TAGS

The TAGS input and output .1.’r ic. -o w i l l  r eo.’r- il le c /coo l y the ARTS and
ASDE keyboards a-nd BRITE i~sj ’Iayc a / ~‘ ‘a. 1y in ac. . ~‘he ’ in tt ’rfac. ’ w i t h
the cont r o l ler  d a ’s not app. ’~zr  c r lf  l e t ?  a - t this s ta~,e.

con tr oller/ WAS

The int, ’rf ~zee !‘.‘tween th e ’ contr o l lt ir an.! WVAS is stra igh tf ’~,.iart! ——
s ingle dlo; ’ ay dcvi ’.’ described sar i-f o r .  I t  has bea ”t sua t. ‘otc.i tha t a
r~7or. ’ integrated approach be [ci ‘owed by pr t ’idi~z~; WVAS in .t~et,m2t ion on the
TT1’:ç TAGS or A:~P Y—3 disp la?,, thus r oduc1n 7 in ‘u~mh,~r th, ’ array of ’ 1ei ’i~ .’~

- 1 0

______________ - - -~~ ~~~~~~~ - -~~ u— — - ~~~~~~~~~~~~~~ —— —



confr onti ng the controller. This, of course, has implications for the
data-processing activities in the tower, as described above.

ControlZer / W~nd Shear

The r~narks above on WAS hold equally fo r  the interface between the con-
tr oller and the wind shear system.

Control Ler/Meteero logical

The various m~’teor ~- -’log ica Z syater ?s in use prov ide outpu t to the controller
via conventiona l dials and aauae s. Much-neede d space cou ld be saved, how-
ever, if the digitized outr uts of the sensors were pro vided to the TIPS
computer fo r  display on the TIPS output device . This would also make the
measurements avai l-able fo r  distribution to the ARTS and NAS computers as
well.

TIPS/NAS

The interf ac . ’ be tween TIPS and X.~~ is a ~na/ cr on.’ wYch hoc been the sub—

~~ct of much thou g ht on th e p a r t  of sys t em developers . ‘Ill of the fl ight
da ta uce f in th. ’ termina l will pass from NAS to TIPS t hrou~j h  th is  inter-
fa ce ’ . in a idi t  ion , it is p l’ann.’d tha t dat a int-ercha~je between ARTS and
V.15 w i ll p a so throug h TIP S ~‘i t  t he o v ~:, - interfa ce.  I f  TIPS is established
ac ccr,m~n ic,z tiona r ’1tna .‘r f o r  t ;~~ tow.’r ~TRA~ON ‘c.npl. ’.r , t h. ’: this  in t. ’r—
[a’.’ will be a-u f t . ’ bu sy, o, r:’ in ‘ct ‘n In  th.’ TIPS n, ’O ice , h~ I i’~ ~ir~’ct /1/

‘ce , of IA~S, WVAS, .‘! n. oh. ar ,: ‘:. / met .‘~ ‘c ’ ’ 1 c~ iou l s~,o ten,s

F’SS/ V.15

This P55 WAS I ‘~ t.’rf t ’e ,‘.r iv to ‘tot ’ and t’rcbab ly w i l l  I ’ecom,’ more
and more ’ act - i: ’,’ as VPR f . ’ i i h t  i’ ’ano in co—; l’uter form ..v’e “cads ava i lab~ ,’.

DABS/ WAS

The DABS,’NA S interf ace is ‘tot .1.’j ’ine l at p r esent although i ts  ~,eneral
characte ’r ist  l ’ s  v. ’t ’rt to be known. It is r et il y outside’ of the scope of
this work and I c  !n ’114 !t ’! on l,~ f o r  ‘crtp l~’t. ’n. ’sv

TIPS/ARTS

As with the TIPS ‘NAS i
’ 

erf ’ac’.’, the TIPS/ARTS interface has been d, ’s ’ribed
in detail f o r  the ’ pc ’’t ’t ~.1’e i n s t a l - l af  ion but not f a r  any pr oduct i-on syst e~

t~ - 1 l
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Ag ain , the interface cou ld serve TAGS, WAS, wind shear and met ’or. ’o ~ ia~
eyst~ ’cs indir ectl y .

If ar ri va l s ’p arat ion stanj ar ds are ever r,’duce’d to three m i / ’s  or less ,
dep art ure ~z.q ’c~ would he eliminat ed un .f e r  saturation conditions. Inter—

arrival iaps w i l l  ha t, . ’ to be cr eated (or 1, ’te..’t. ’d) by M&S a-nd depart ure’s
:.‘f i-I have to be synchronized p r.’ ’f c e l y  with these gaps . Departur e echo-
dul, ’s w i l l  ha-v.’ to l ’e ’ sent to M.4S and ia-p t’ i.mes sen t to c’ h. ’ &~P , .~~

‘ and

— LC pos i t ions , i .f . ’. t l l ! ?  through the TIPS /ARTS interface.

WAS/ARTS

The interfac e b, ’tt, ’~,’n WAS a-nd ARTS wi l l  exist for  the purrose’ of ’
wke vortex or spacin i info~nat ion to the m,’t, ’r ini and spa-cm ; functi,”tc~
of 41?rS. it is reconrccnded c.’s.-’wher.’ in t h i s  report tha t the actu a l
m,’ss z n ’ tre -msfer I.e ca-rn .’.! ‘ut t hrou.;h the TIPS ~tO  . 2  ,‘,~~ l~~~Ofl .‘.~~ ?P~ft ( f lV.’.1—

t ions fa .’i l i t - u ;  i f  WAS i’r , ’.’e/ , ’ce I T’S I ’;  t ic, ’ ?“~~~
‘ 7.1, ho:.’.’: ’ , ’r , a ii c~ ’’t

i ’:t ,‘r t, ’,’, i f  on I: ~ t ‘“i; ’ ‘c ’tr:, :.‘i I I h it ’.’ to ~~~ ; ‘rot ’i~ii - .1.

The f i, ”te l ’,’tt.’, ’e n chanqes in rio t .‘cro ‘. ‘; i ’c  I ‘“cdi t i  ‘‘10 c u f f  i , ’ 1, ’t to ~‘rrc—

lu ’ . ’ .‘h rc.u, a in WAS indicatio ns is , ‘cC I ir ~ z I  , ‘d t ‘ 1’.’ of the e. ri.’ ,‘rdec ’ - ‘
~~

‘

it : ,i,’ a-a th.’ t i”c.’ durina wit :‘.‘h ti  r.’,~t f ’t :.‘‘u?! Ia’ in the - z; ‘p c’ ‘a, ’h p.c I
15 to ~~~~ minut,’s. Therefore, th,’ dyn.v~tic ,‘h. zr , ’.’t, ’r ’i~ t i ’s of the ri. ’t ’ .‘.

?. ‘ Tf . ’al phen<v’c.’n.: w i l l  hat ’.’ .rc off . ’. • “ • ‘n 1 1:. ’ M<€S ‘omput - a t t’.”w a-nd ah. ‘:i ,’, !

1’.’ taken into .z.’.’oun t t u r i n ;  M.~S ./, ‘:‘.‘ ? ‘p’rc.’nt.

DABS/ARTS

ar.’. ‘pt f ’k’r tic, ’ i’c ‘ccv!? ’ 0 use by I • N.’. ‘v op.’ ~zt i. ‘no of he .121.2 — l ink ‘a-p a-
l’ I l l  t :e  , ‘f 7,455, t ic, ’ m l .  ‘rf zoe is not ~:. ‘ i’~~ru ’ to t . ~c is .L ’.’urc, ’nt . 7 he ia I a

link may prov e to be an imporr .an t a.i,~u ’c ’t to t ic , ’ TIPS and T.li,’S ep.’rc t 1. ‘a
how,’; ’.’r. Aut-,rcat i.’ del it ’ , ’r,i of .‘.‘.‘a r ’.znc,’ thr ou ih TITS and t ranam issio ’;

‘f ’ ML~—. i1’rf  ~~~ p ’s  i t f .  “c dat a to TACS are .‘.ramp l. ’s of ;‘ es ii .~,‘ la - t a — link
1(8. ’:? .

TAGS/ TIPS

Th.’ TAdS zn d TIPS  s : icc t , ”iv ;,‘i i i  h.:: ’ ’ n . , ’,! to .‘.rcicam n ’ in t ’.’r ”i, tf i. ’: , ca. ’h
a-s f i  ia -h I i t t - a  from Tf l ’S rn.! .z. ’t va- i t in , ’ ‘f ’ .zrri v t  I rem ‘.‘l S. If th,’
ayst . -~’ai are imp l. ’m.’n ted wi th separ ate .‘.-wnp ut .‘rs , then z

.‘.q’.th i ti ti1, h.z~_~oare and a. ‘j ’t ware , mus t. l ’e pro: ’ ide,!. I f ,  as f ~ zcu~~;.’v I

carl i.’ r i a this d. ‘.‘:en.”c t , the i’c’. ’.’. ‘Sc ’ I ’t 7 ft . ’ ! i  it I . ’S .‘~~
‘ th. ’ 11.’ o t io t  ems
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are integrated, then the information transfer will be poeeible using what-
ever interpro cesa ccmnunications techniques are provided by the operating
system used,

WAS, Wind Shear, Meteorological/TIPS

These interfaces; i.e., WAS, Wind Shear and 1.’eteorological/’l’IPS, are
el-ti tar to each other in that they will exist only to the extent tha t the
integration suggestions presented earlier are actually implemented. If
it is asewned that there will be a microprocessor associated with each

sensor to digitiz e and preprocess the data , then the outputs can be pro-
vided to the controller either throug h separate microprocessors and dis-
plays or integrated with TiPS (and indirectly with TAGS) for processing
and disp lay . In the f i r s t  case, no interfaces exist; and in the second
case, the interfaces are the hardware and sof tware fac ilities for accep t-
ing the data for  pro cessing.

If the interface between WAS and TIPS iB inrpiement~d, it can serve to
convey wake vortex information to the metering and sp acing function of
ARTS.

MLS/ TIP S

P rovision has been made in the ? ‘IL.9 desi gn for  ground-to-air transmission
of such data as condition of runway operationa l status of the guidance
sys tern and weather data. If such data are to be pro vided to MIS, they
should come fr om TIPS (asewning the integration mentioned abovc~~~i~~~
p lace) .  The interface would be a rather stra ightforward message - trans-
fe r  faci l i ty .

P53/TIPS

There is currently no p lan for  an interface between P 53/ TIP S , It i.e
conceivable that allowing f l i gh t  plan s f i led at Flight Service Stations
to be entered directly into the TIPS data f i l e s  might prove useful .  If
so, the interface would p resumably be via a phone line and standard hard-
ware/ software modai lee.

• If the meteorological data collected at the ai rpor t is avai lable in the
TIPS proces sor, then this interface could be used to coPv’ey ouch data to

• the Plight Service Station , i f  desired.

~- 13
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6 . 7  FAILURE MODES IN THE TOWER CAB

There are two aspec ts of system/failure that have been addres-

sed to some ex t en t in t hi s study:  r e l i a b i l i t y and backup . The
firs t concerns efforts to prevent failures while the second in-

volves the reaction to failures if and when they do occur .

Failure considerations have not realty been addressed in the design of
the new systems (other than ARTS lilA) since they are for  the most p art
still in the experimental p hase of their dove lopne nt. When the pri ncipa l
characteristics of the new systems are known with some certainty and the
dep loyment p lane are re latively fixed, considerable thought must be g iven
to the tradeoffs wnong costs, individual system reliability and backup
operations .

Some relative ly simple provisions for continued operation in the event of
p ar tial system failure have been considered for  the TIPS tower subsystem.
The tower supervisor has the capabi lity to reconfigure (throug h the in-
put-outpu t terminal) the p ositions served by the various displays. Hence ,
if  a display is disabled , a spare unit can be assigned to that position ,
or the position can be combined with another to share the same display .
A failure in the tower—displ ay processor , while leaving the ’ dispZ a ~~with
their last data p r esentation visible, disables the tower subsyst. ”n.

The TAGS/ASDE- 3 system will achieve a certain wnount of r e l i a b i l i t y  by
supp ly ing high—risk components, such as the transmitter/ re ceiver section
of ASDE-3, in dup licate. The hybrid system w i l l -  also provide some dup li-
cation of function which will allow the eontroii, ’r to keep working i f
part of the system goes down. For examp le, i f  the ASPF I sensor f a i l s,
the ATc’RBS sensor will s t i l l  maintain t ’os it i. ”i :vzd i . l c n t -ff i c.zl iorz of ’ a l l

beacon—equipp ed targets ; i f  the ATc’RBS e ’us. ’r f a i ls , the ASl~ sensor wi l l
supp ly at least p osition information for  al l  targets.

In spite of these efforts , the tower opera tion w il l  suffer wh.’n p robl.’rcs
occur in one of the sy8t cecs because tic. ’ sy st . ’nis arc inte ’c ’r. ’7 , tted in one
way or another and hence cannot be p r .’fr . ’ct. -.i by measures which affect
only individua l systems. There must 1’.’ ru (n , ’ Iu :’!t’ , ’ p7-an which makes the
prope r tradeoffs , mentioned above. I t -  should ins ist on high—roliabi? i t~i
components or redundant equipment where •‘c’a t - . ’ff ’e ’ctic ’ .’ .rc,! must make
provision for  rep lacement or back—up fun d ions , ‘n a syst ema t i’ l ’se (s. •
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Provision of manua l backup in the event of fail ure would seem to be a
serious mistake. The new equip ment will rep lace such things as prvnted

- 
- 

f l ight strips and atri p holders; resorti ng to scratch pads and handwritten
f light strip s (without bays for organ izing them) would result in an opera-
tion more primitive than the most po orly equipped current opera tions.

A systematic, integrated p lan for reliable, continuous operation is needed
before any pro duction system is prqoured.
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