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PRELIMINARY TESTS 
OF APPLICATION OF CWUIPERS 

FOR PROCESSING OF TABULAR F L I a T  DATA 

SUMMARY 

This report  covers an operatlonal  analysis of some of the workload 
factors  involved in  the present method of processmg  flight-plan  data a d  i n  
the  preparation of tabular displays in A l r  Route Traffic  Control  Centers. It 
descr ibes   amulet ion  tes ts  of varloua techniques  for  the  automatic  processing 
of flight data. 

It i s  concluded tha t  use of computers and automatic  data  processing 
equipment i n  the a i r  t r a f f i c   con t ro l  system t o  provlde  printed flight p r o s e s 8  
strips will provide an evolutionary a t e p  forward m improved data processing 
Kith a conalderable  reduction in ms ie t an t   con t ro l l e r  workload. 

One of the  large workload factors  m air trafflc control ( A X )  
today i s  the  processing of flight-plan data .  This processing  Includes in1 
transmission of t h e   f l l g h t  plan t o   t h e  A l r  Route Traffic  Control  Center 
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(ARTCC), the prepmatlo;   obflipht  progress s t r lps  f o r  the control ler ' s  d m -  
play  board, and the forwerdmg of these  data from sector  to sector  and t o  
other ATC facilities. This report deals   solely w l t h  the problem of tabular  
flight-data  processing, and the lmprovelnents t h a t  may be reallzed tivough the 
introduction of automatic equipment within the ex ls t ing  A X  system. Until 
such  time aa ground-derlved  positlbn  znformatlon  (radar and beacon) o r  am- 
derived  posltion imformation (data   l ink)  1s a v a i l a b l e   f o r   a l l   a i r c r a f t   r e -  
qulring t ra f f ic  control  service, it i s  probable that a tabular arrangement of 
fllght data will continue  to be the maln dleplay of the   t ra f f ic   cont ro l le r .  

Tne implementation of the input  devlces, computers, and 
cornmica t ions   c l rcu i t s   requl red   to  produce pr ln ted   f l igh t  progress s t r i p s  
does not   detract  from the longer range  investlgatlon of automatic t a b u l a r  
displays or pictorla1  displays.  Rather,  the system descrlbed in this report  
should, in  addition  to  providing immediate re l lef   to   the  control ler ,   provide 
a firm basis for more advanced systems of data processing md data display. 
It i s  obvious t h a t  once a conversion  has  been  accompllshed from voice and 
handvrl t ten  f l ight  daCa t o  encoded data, a major  breakthrough w i l l  have taken 
place  in  the  evolutlonary  developnent of an automatic a i r   t r a f f l c   c o n t r o l  
system. 
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The t e s t lng  and s m d a t l o n  work descrlbed in thls report  Were  

accompllshed durhg the  period from Jme 1955 through December 1956. The 
proJect wm carr led on under the  sponsorshlp  of  the A i r  Navlgation Development 
Board under ProJect 1.2. 

DESCRIPTION OF PRESENT SYSTEM 
OF TABULAR FLIGHT-DATA  PROCESSING 

A thorough  understandmg of a u  t raffLc  control  and the  preoent 
system of manila1 data   pocesslng 1s essen t l a l   t o  any at tempt   to   a l levlate   the 
workload of t he   d s s l s tmt   con t ro l l e r  who 1s requlred  to spend  as much as 50 
per  cent of his tune  performing  routine  clerical  tesks.  In  the  past, some 
theore t lca l   s tu ihes  have suffered due t o  a lack of understanding bjr the In- 
vestlgators of a n  t ra f f lc   cont ro l  fundamelltals and a lack  of  appreciation 
of the technical skill requlred by the  co3troller.  A n  t r a f f l c   con t ro l  
iiuthorltles  rezognlze  that a n  average  controller  requlres  tkree or four years 
on the Job In the sane facility before  he 1s considered a "good" Controller. 
Thls  represents  the  average  perlod of t ra inmg  requi red   to  comprehend ful ly  
the  cosplexlt les of a l r   t r a f f l c   c o n t r o l .  Because the  present  system demands 
thet he partxipate  in  the  routme  data-processmg  operatlon, an ass l s t an t  
control ler  1s l e s s  than 50 per cent  effectlve m perfomlng  actual  control 
a c t l v l t l e s .  

The Indlanapolls ARTC Center was used m th ls  analysis  to  provlde 
an accurate  envlronment for the   t es t s  of automatic data  processmg. One of 
the measures of M T C  Center a c t l n t l e s  1s the m u a l  t o t a l  of flight p r o p e s s  
s t r lp s .  Table I shows that the  Indlanapolls MTC Center ranks flfth among 
the top ten Centers m the 19% count of fhght progress   s t r lps .  

Another reason for usmg  the  Indlanapolls ARTC Center i s  t h a t  lt 1s 
dlrect ly   assomated w l t h  the  Alrways Operatlons Evaluation Center (AOEC) L I ~  

a thoroughly  practlcnl  envlromcnt  for  eveluatlng new concepts and procedures. 
Such an envlronment 1s essen t l a l  m relat lng  the  research and development e f -  
fort   to  operatlonal  requlrements.  Thls prac t lca l  envlronment  has  becn 
careful ly  cultivated at  the  Technlcal Development Center (TDC).  

The Indianapolis ARE Center 1s one of  26 such f a c l l l t i e s  m the 
Unlted States .  This Center 1s responslble  for  the  control of mstrument 
fll&t rule  (IFR) t ra f f lc  m the  area shown m Fig. 1. Thls l l l u s t r a t l o n  
Q l S O  shows the ARTC areas  adJacent to   the  Indlanapol ls   area,   mea con- 
t a m s  8,810 mlles of controlled airways, 10 alrporto with c l v l l  Aeronautics 
Admlnlstratlon (CAA) control  towers, 7 airports with military  control  towers, 
9 CAA communic&mns s ta t ions,  and numerous a l r h n e   r a d l o  stations. 
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TABLE I 

TOTAL ILIGHT PROGRESS STRES, FISC& YEAR 1956~ 

Poaltlon ARTC Center  Total  Strips 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

New York 
Wdshlngton 
Atlanta 
Chlcago 
Indlanapolls 
Clevelmd 
Kansas Clty 
Loa Angeles 
Oakland 
Boston 

The area 1s subdlvlded  further  vlto  sectors, a l s o  shown ln Fig. 1. 
Each sector  is mauned by a cont ro l le r  and an assls tant   control ler .   Infor-  
matlon  regardmg  en  route  alrcraft  1s dlsplayed  to t he  sector   control ler  m 
the form of flight promess   s t r lps  or f lx   pos t ing .  Each fllght progress 
s t r ip   por t rays   the   mformat ion   per tammg  to  a p a r t x u l a r  flight a t  a deslg- 
nated position. In the  Indmuapolls ARTC Center  there  are 44 such  deelgnated 
posltlons, lmown as   f lxes .   Center   persow1  es t imate   that  an addltlonal 20 
flxes  actually  are  requlred  to  display  adequately  the  air   trafflc  picture  to 
the  controllers.  These addltlonal f n  postmgs are not  dlsplayed due to   t he  
shortage of space in the ARTC Center and t h e   c r i t l c a l  manpower shortage 111 
Center staffing. Fallure  to  dlsplay  these  postinga, however, unpooes added 
burdens on the  control lers  in mterpola tmg and extrapolatmg aircraft 
posit ion  data.  

Thirty-nine  Servlce F mnterghone lmes   t e rmina te   in  the 
Indlanapolls ARTC Center. on these 39 lines, there 1s a t o t a l  of 112 e ta tmns  
havmg a responslbi l i ty   to   prcvlde fllght data to the  Indlanapolls ARTC Center. 
The lines termmate a t  a patch  panel, from whlch they  me  extended t o  the 
lndlvldual  seczor  control  boards. 

The complex Servlce F communications network serve8  three  prune 
purposes m the  executlon of the a n  t raff ic   control   funct ion:  

'Federal Airwaya A l r  P a f f i c   A c t l v l t y ,  CAA. 
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1, m e  assembly of f l lght-plan  data  from stat lone of or igin w l t h h  
the  area and from adJacent M E  Centers. 

2. me  relay,   to   the ARTC Center, of anc ra f t   pos l t i on   r epor t s  received 
by a l r l lne ,   ml l l ta ry ,  and CAA ra9lo  s ta tmns  a t   pomts   throughout   the  control  
area. 

3 .  me  r e l ay ,  from the MTC Center,   of  control  mstructlons  to  aircraft .  

Although a lfmlted number of poslt lon  reports and control  InstYmtlOns  are 
handled via  direct   radlo  channels between the  control ler  and p l lo t ,   the  
maJorlty of such  comunlcatlons zTe relayed v1a the S e r v x e  F Interphone. 

In  additlon t o  the  Service F mterphone network, some flight plans 
are  gathered by means of Servlce B t e l e tygewr l t e r   cmxn t s .  The Center  also 
requ~res   the  hourly assembly of weather  mformatlon  as  handled on Servlce A 
te le typewri ter   c l rcul ta .  

It 1 s  appropriate a t  th l s   pomt   t o   exanhe   t he  processing of a 
flight plan  recelved m the  Indmnapolls ARE Center. If the fll&t plan 18 
received v1a Interphone from 89 adJacent  Center, It generally  represents a 
fllght already UI t h e   a l r  and approachmg  the  axe5 on a defvled  route m ac- 
cordance w l t h  an ATC clearance. m e  fllght plan 1s copled by an a s s i s t an t  
controller  onto a fllght propees   s t r l p .  The route  of flight 1s analyzed by 
the   a s s l s tmt   con tmLle r   t o  determlne  the  flxes a t  Fdllch the flight i s  t o  be 
dlsplayed. A flight progress   s t r lp  1s prepared  for  each f,x (an average of 
flVe s t r lps   per  flight). The estunated  tune  of arrival (ETA) a t  each indi-  
vidual flx 1s calculated by the  ass ls tant   control ler ,   entered on a s t r ip ,  and 
the completed s t r lps   are   posted  a t   the   proper   sector   control   boards.  

A fllght plan   f l l ed  vith the ARTC Center  concernmg a proposed 
departure from an a l rpo r t  i n  the  area 1 s  handled rn essent ia l ly   the same m a n -  
ner, except  that  the  eat-Dated  tunes are not  placed on the  flx-posting strips 
unt l l   the  fllght actually  has  received a clearance and departed.   In   the  la t -  
t e r  case,  the  departure  strip 1s passed t o  the control ler   a t   the   proper   sector  
while  the  remalnlng  strlps  are  held in abeyance unt l l   the  fllght has departed. 

A proper  appreclation of the technique of  calculating  estimates 1s 
important t o  the  understandmg of the  Controller 's  workload in the manual 
procesning of f l l gh t   da t a .  In the  process of calculation, the   ass l s tan t  con- 
t rol ler   general ly   has  been furnished w i t h  the   amcraf t ' s  speed, e l the r  ground 
o r   a n ,  upon which subsequent  tune  estimates  are t o  be based. To ar r lve  at  
an accurate   set  of time  estunates, however, the ass la tan t   cont ro l le r  must 
apply  correction  factors  obtabed from U. S. Weather  Bureau  Wmdo-Aloft Reports 
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as  well aa h i s to r i ca l   da t a  from f l i g h t s  that recent ly  hove traversed  the same 
amspace. A eognizance of t he   a i r c ra f t  t n e  also  is   necessary  as  a rough 
va l id l ty  check on the  speed. As wmd conditions d i f f e r  w l t h  a l t l tude ,  EO 
w l l l  the  store of correction da ta   d l f fe r   wl th   the   a l t l tude  of t h e   p a r t i c d m  
flipbt. 

As a flight progresses  along an amway or  a prescribed  dlrect   route,  
t he   p l lo t  is requl rea   to  make perlodlc  poslt ion  reports.  These reports   are  
made d l r ec t ly  t o  the  sector  controller vla the  asslgned  radio  channel,  or  are 
relayed  to the controller  via  mterphone  through an rntennedlate  rad10 
s ta t lon .  

The Clvll Alr Regulatlona  curyently  prescrlbe that a posit lon 
report   shal l   contaln the followmg  elements: 

1. 
2. 

3. 
4. 
5" 
6 .  

Aircraf t  identity. 
Poslt lon (ovep a flx, or  an estmated  dls tance and dlrect lon 
from a f i x )  
Tune. 
A l t l t d e .  
Pi lot ' s   es t imate  of next flx. 
Name of f l x  f o l l o m n g  the next f1x.V 

*A nev  requirement m positlon-reportmg  procedure,  deslgned to 
~~ ~ 

give the  controller  assu-mce as t o  the  intended  route  of  the  alrcraft. The 
need  arose p a r t ~ a l l y  from the omblguous nature of some of the c l v l l  a m y  
deslgnatlons. 

Example: (Posi t ion  report   g lven  direct ly   to   the  control ler  by the 
pilot. ) 

Pilot:  "Indmnapolis  Center, this i s  TWA 72, over." 

Controller: "IIWA 72, thls i s  Indlanapolls Center, go ahead." 

P l lo t :  "WA 72 over Dayton VOR a t  '3'2' (1132), (a l t l tude)  
19,000 feet ,   es t lmate  Appleton a t  '55' (1155), Roscoe." 

Controller: "Roger TWA 72, Indlanapolls  Center  out." 

Upon rece ip t  of a posl t lon  report  from an alrcraf t ,   the   control ler  
enter8  the time reported upon the  approprlate fllght progress  strlp,  calcu- 
lates the ground speed  mantamed from the previouo  posltlon  reported,  revmes 
t h e   e s t m a t e   a t  any f i x  postmg  wlthin his own sector, and not l f lcs   the  
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controller  In  the  adJacent  sector of the chnnge m tune and speed. Thls 
no t l f l ca t lon  may take  place rn seve ra l   d l3e ren t  ways. It may r e q u z e  an 
lnterphone c a l l   t o  sa adjacent ARTC Center; It m y  requlre an lnterphone c a l l  
to  another  sector  wlthln  the  sane  Center;  the  revised  date may be  gassed 
oral ly   to   the  adJacent   control ler ,  o r  a sector  coordmator may be reqlreated 
to   s ee   t ha t  the revlsions  are  passed  to  the  proper  sector. The subsequent 
handling of the revises data 1 s  a repe t i t i on  of t h a t  Just  descrxbed, until 
the  revlsion  reaches  the  arrlval  sector  for  the  pastlcular flight. 

NEED FOR IMPROVEMENT OF PRFSEUT SYSTEM 

There  appears t o  be a universal   ayprecmtlon of the need for 
improvmg the  present  system of air t raff lc   control .  From t h l 6  polnt of CCrm- 

mon agreement, the  opmlons on how the  system might be nproved  dlverge 
rapldly. One of the more &mat.tiC approaches t o   t h e  problem conslaers the 
present  system of a1r traffic control  obsolete;  hence, I t  must be replaced. 
The 2evelopment and mplernentatlon of new and complex devlces  are proposed, 
and e ra ther  Large lncrease m eff lc lency and capaclty of the ATC system 18 
purported. An analysis of the many proposals for Improvement of a n  t r a f f l c  
control, advanced s m c e   t h e   d a p  of World W a r  11, reveals one marked sml- 
l m l t y  whch,   ul tmately,  turns out   to  be the  largest   def ic iency m such  pro- 
posals. Iksre I s  a tendency to   lgnore  the  pesent   needs of the ATC system 
and the  absolute necessity f o r  an orderly t rms l t lon  from the  present manual 
system t o  a system whcrem a cer tam  por t lon  of t h e  manual operatlons  are 
takeen over  by a machme. 

It 1 s  s lgaf lcant   tha t   the   t echnlque  of dlsplaylng  tabular fllght 
data on handwrltten fllght progress  str ips was condemned LU 1942 BB being 
obsolete and lmposmg a sermu6  res t r lc t lon  on the growth of the system.2 

In 1947, an  estunated  f leet  of 900 an-casr ie r   a i rc raf t   cont r lbu ted  
t o  a t o t a l  of 10 mill lon flight pro,g-ess s t r l p s  m ARE Centers xu the  United 
S ta tes .   In  1957, there were 1,600 a l r - ca r r l e r   a l r c ra f t   f l ymg   the  airways, 
and approxmately 24 ml l l lon   f l igh t   p rogress   s t r lps  were prepared. 

"he nmber of m l l l t e r y   a x c r a f t  III constant use on LFR flight 
operatlons 1s indetermmate.  Suffice t o  say   tha t  m 1947, t h e  mil1ta-y serv- 
ices were reSP0nEible f o r  10 per  cent of the t o t d  flight progress  strips. 
In  1957, thls  reached 45 per  cent.  

*"Development of Automatic Poatlng Systems for A m  Trafflc  Control," 
paper  Prepared  by  the A m  Trafflc  Control Dlvlslon, Offlce of Federal Airways, 
C.U, dated  January 28, 1942. 



The foregoing is not  mtended  as a ju s t i f l ca t lon   fo r  the contlnuea 
use of f l lght   progress  strlps. It does,  honever, pomt  up two funamental  
fac ts .  The fms t  1s that the  dlsplay of tabular  fllght 6eta  by a method t h a t  
wes Judged obsolete  In 1942 st111 1 s  su rp rx lng ly  adequak m 1957. The aec- 
ond 1s t ha t  any proposed  system t h a t   f a i l s   t o  provlde  for  a  logical 
p rogess lon  Prom the  present  system mll  encomter  serlous  obstecles.  

The h-mdlmg of  lndlvldual fllght plans and indlv ldwl   pos l t lon  
reports was covered earlier I n  thls report .  To obtaln  a  proper  understmdmg 
of the magnltvde of  the  present  comunlcatlons ana data  processlng problem, 
It 1s approprlate  to  conslder aome s t a t l s t l c s  t ha t  are  available. A Bel l  
Telephone Leboratorles report3  glves some authentic and per tment  f1-S on 
Interphone communications tlme t h a t  may be applled  to m y  AFil'C Center. For 
example, the  average  tune  per message spent by cn ass i s tan t   cont ro l le r  m the 
Hartford  Sector of t h e  BOEton ARE Center 111 accepting an incomlng message 
vas 30.3 seconds. The average  tlme  spent on outgorng measages by the s m e  
a s s l s t m t   c o n t r o l l e r  wns 51.0 seconds. 

The alfference In  average  comunlcations time between the  mconmg 
and Outgoing ca l l a  is due to   the  delay 111 waltmg for the  operator on the 
other c ld  of the l l n e  t o  anewer the phone. It is important to   no te   tha t   the  
or lglnator  C? the c a l l  1 s  not In o poslt lon t o  undertake any other a c t l v l t i e s  
d k i r - g  the "-vraltmg" per-iod, and Wt the   "ml tmg"  perloa conat l tu tes   newly  
one-hzlf Of +he  lntershone  tune of the   ass la tant   control ler  In making an 
outgclng c a l l .  

An analysis of 4,505 readable fllat progress s t r ips ,   represent lng 
the   ac t iv l ty  of the  Indlanapolls ARTC Center for an average clay, reveals   that  
778 fllght plans  (mtercenter  dnto t ransfer  messages) were trensmlttcd by the 
Indlanapolis ARTC Center  to  the  seven  adJacent ABn: Centers.  Applying en out- 
going message tune of 51 seconds per message, this represents  a  total  of' 
39,678 seconds, o r  11 hours of co??.tlnuous da ta   t ransfer   tme dwlng a 24-hour 
Center  operatlon. Incoming  messages from adjacent  centers consume approx- 
imately 60 per  cent as much time as outgolng  calls, or another 6.6 hours of 
data  transfer.  

3 ~ a f f i c  Study of Comunlcatlons and Relatea  Operations,  Part I - 
Hartford  Sector," Fmal Report, Task A ,  prepared by Bel l  Telephone 
Laboratories,  Inc., on behalf of Western Elec t r lc  Co., Inc.,  under contract  
With U. s. Signal Corps for   the  A i r  Navlgatlon Development Board, June 15, 
1955. 



m e  trLmsmlsslon of this sane number of COmpUkr-prOCeflsed ncoming 
end oatgolng messages v la   t e le t jTewrl te r   a t  a standard  rate of 75 words pfr 
minute (m) would requlre 2.5 hours as compared to   the  17.6 hours m k r -  
phone. n l s  1s  a slmlf icant   reduct lon in  cornmumcation tlw. It 16 a f-m 
Lndxa t lon   t ha t   mea la t e   r e l l e f   can  be forthcommg nth t h e   h p l e m n h t l o n  of 
some t r l e d  and proven  equlpments. 

These f l ames ,  based on an average day m the I n d l ~ P O l 1 ~  ARTc 
Center,  can be extrapolated 2.0 fit the New York ARTC Center On  One of I ts  
peak a c t l v i t y  days. Such a peak dey wlll total   approxmatcly 13,000 f1lght 
progress  str lps,  o r  nearly  three  tunes  the  average  day  In  the  IndlmLpOliS 
ARTC Center. on such a b y  In  the New Yorlt Center,  the total interphone com- 
munlcatlona  time  mvolved m trcnsmltt lng and recelvlng  mtercenter  fll&t- 
data messages would be approxmately 30 hours,  as  compaed t o  7.5 hour8 
necessary  to  transmlt  the same amount of data   VI^ k l e t m e w r l t e r .  ails €8 a 
tanglble Improvement, and represents a reduct lon   in   c le r ica l  workload that 
c m  be real lzed w l t h  e x l s t m g  equrpmcnt. 

The object lons  to   the  f l lght   progress   s t r lp   as  a mems of dlflplwyYlg 
f l q h t  data have  been numemu8 and have  emanated from a v-Xlety of  SoWCeS. 
It must be ageed   t ha t   t he  most val ld  ObJeCtlOns are  those  that  come from the 
controllera  qcalrfled in the  task of a l r   t r a f f l c   con t ro l .   Su rp r l smgly  
enough, their   obJect lons  deal   prmclpal ly  wlth the  technique for gathermg, 
processing, end dls t r lbu t lng   the   f l lgh t   da ta .  Lbwleldy as  the  f l lght  prog- 
ress  boards have  been deacrlbed,  they  remam  the most effectlve,  available 
dlsplay of tabular   f l lght   data ,  and ca? be made even more effectlve w i t h  some 
rather  smple  lmovatiom.  Conslder  the  hmdwrltten fllght progress  str lg.  
The t m e  r e q u r e d   t o   w r l t e  13,000 strips, mcludlng  the calculation of e s t l -  
matea, 1s es tmated  t o  be  106 m a n  hours. The production of 1 .3~00~ flight 
PrO!TeSS s t r l p s  by a computer  such  as the D M  650 or  the RemlJlgton-Rand 
UNIVAC F l le  Computer  would require  approxmately 10 hours. %is represents 
a tanmble lmprovement m terms of e r l s t l n g  equipment. More complex and ex- 
pensive  computers,  coupled  wlth very-h;&-speed output  prmters,could produce 
f1Wt progress  str ips  at   rates  approachmg 28,000 s t r i p s  per mlnute. Such 
a production r a t e  f a r  exceeds the demand antlclpated m the  near  future. 

S m l l a r  Improvements log lca l ly  could be expected to accrue from an 
adequately implemented system  of two-way rad10 communlcatron between the   p l lo t  
and the  controller.  The average  controller  today  can  generate l l t t l e  enthusl- 
asm about  the  proposed  automatlc ATC systems when he  has  not yet been  provided 
wlth a ra ther  fundamental too l ;   tha t  is, two-way radlo  comunlcatlon w i t h  all 
a r r c r a f t  under his   Jur lsdlct lon.  Another  degree  of  mprovement  could be rea l -  
lzed from the  reorganizatlon of auways and routes  along sound t r a f f l c  
englneerlng  prmclples. 
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The foregoing  pomts  i l lustrate  some areas  whereln in!mdia* 
improvement i n  a i r   t r a f f l c   con t ro l  can  be reallzed. They deal  princlPallY 
n t h  control ler  workload, and emphasize the   reduct lon   in   c le r ica l   e f for t   tha t  
can be accompllshed through a simple means of encoding and processing f l i&t  
data. 

W ~ t h  relatively l i t t l e  improvement m the tools fo r   p rocessbg  
flight data ,   the   total  of f ix   post ings Fn ARE Centers  has grown from 
8.8 mill ion m 1946 t o  16.9 m i l h o n  m 1954.4 Thls r a t e  of growth produced 
approximately 24 million f l x  postmgs ~n 1957, and the  forecast   for 1965 1s 
33 milllon. 

There is no feel ing of prlde  or accomphshment in   the   fac t  that the 
system described as ai-chalc,  while handl ing 8.8 mll l ion f l x  postlngs m 1946, 
was able t o  handle 16.9 mll l lon f l x  p o s t h g s  in 199, There is a recognized 
need  for lmprovemcnt, and t!lere i s  the   d i s t i nc t   poss ib i l i t y   t ha t  some of the 
basic Impcovements outllned m th l s   r epor t  may permit  the  system  to  absorb 
some of the growth forecast   for  the next   f ive y e s r s .  

SIMULAICION WSTS OF 
ALITOMATIC DATA-PROCESSING TECHNIQUES 

Components. 

on the  data-processmg and data-display techniques pos tu la ted   ear l ie r   in  this 
report .  These t e s t s  were conducted y1 an e n v i r m n t  of automatic  tabular dls- 
plays,  typed flight progress  str lps,  a magnetic  storage drum, a teletypewriter 
network  lncluding an automatic  swltchmg  center, and a postion  report  Input 
device. 

A se r ies  of t e s t s  was conducted t o  provlde additional FnfOnIBtion 

These devlces and equipments were controlled by the  operation of 
a simulated computer. This smula ted  computer conslstcd of a group  of 12 
automatlc communlcstions  equlpment (ACE) operators,   hlghly  skil led III the 
processmg of f l i g h t   d a t a  and assigned  duties s i n ~ l a r  to the  functions of an 
electronic computer. mese  ACE operators   essentral ly  we= the  same group t h a t  
par t ic ipated In the  operatlonal  evaluation of a selective  weather  information 
d is t r ibu t ion  system,  described m a report  by Bel l  Telephone Laboratorles.5 

4Federal Airway Plan, Flsca l  Years 1957-1961, U. S. Department  of 
Commerce, CAA, December 1935. 

5"Air  Trafflc  Control  Comunicatlons," Task D, Pa r t  1, Final  Report, 
Bel l  Telephone Laboratorlee,  October 21, 1955. 
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The simulated computer uti l ized  teletypewriter  communlcatlm  for 
Input and outpd.,  paper-form  storage as a permanent record of computed flight 
data, a magnetic drum for  temporary  storage,  charts and alrwag  tables, and 
an assignment of ACE operator  duties.  See  Flg. 2, 

Type C Board. 
The automatic  tabular  dlsplays  used i n   t h e   t e s t s  were the Type C 

data  display and transfer  boards shown i n  Flg. 3.  These display boards, 
constr-cted by the Unlon Switch and Signal  Divlslon of the WestUghOuse Air 
Brake Co. for TCC, weie  proposed to   present   to   the  control ler ,  in m aubDatlC 
fashlon,  the same type of flight data  currentAy shown on the  f l lght  prowefls 
board. Each Q p e  C board  consists  of 11 rows of mdlcators ,  with 60 indl- 
cators  m each row. The indivldual lnd:cstor, a cutcway model  of whlch is 
shown i n  Flg. 4, i s  capable of dlsplaylng  any one of 64 characters upon re -  
ce lp t  of the  appropriate  teletypewrlter sqnnal. Data  can be transferred  be- 
tween Type C boards or t o  a magnetjc drum s to rage   un i t   a t  e speed of 1,000 
q m .  Type C boards  also  can be used t o  send and recelve a t  standard tele- 
typewriter speeds of 75 wpm. A desrr lpt lon of the Type C boards and some  of 
t he   o r igma l   t e s t s  conducted w i t h  them may be found m another  report, 6 

Magnetic Drum. 
The magnetlc drum storage use3 2n these  tes ts   consis ted of the 

Engineerlng  Research  Assoclates (ERA) rnsgnetlc drum storage system. The gen- 
eral   operatmg  character ls t lcs  of this equlpment,  whlch was b u l t  t o  TDC 
specif icat ions by ERA, have  been described m a prevlous  report.? 

Teletypewriter Swltchmg  Center, 
Wlth the  exceptlon of the  hlgh-opeed circuits used between the 

magnetlc drum and the Type C boards, a l l   o the r   f l l gh t -da t e   t r ans fe r  was con- 
ducted on te le typewri ter   c l rcul ts .  An 8lDl automatic teletypewrlter  swltchmg 
system was used in t hese   t e s t s   t o   f ac i l i t a t e   t he  assembly of flight-data mes- 
sages from a var ie ty  of input   s ta t lons and to   dls t r lbute   the  prepared  data   to  
the approprlate ARTC sectors.  The B I D 1  switching equipment owned by the 

6Appendlx 7 of the  “Interm  Report  on Alr Traffic  Control 
Comunlcatlons,“  prepared for the  A i r  Navlgation  Developent Board by Bel l  
Telephone Laboratories, dated June 30, 1956. Thls repor t  i s  based on work 
conducted jo in t ly  by the  Technical Development Center and Bel l  Telephone 
Lnboratories. 
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Bell System was m s t a l l e d   a t  TDC as pa r t  of a contract between the Western 
E lec t r l c  Co., Inc., and the U. S. S l g ~ a l  Corps, The operation of the 8lD1 
awltchlng  center has been described 111 the  Bell  Laboratories  decord. 

a 

Input Devlce. 
A posltion-reporting  device was constructed to permlt the 

cont ro l le r   to   t ransml t   a i rc raf t   pos i t ion   da ta   to  the smula ted  computer. 
IChrs device, shown m F l &  5, prov;aed for   the   mser t lon  of a i rc raf t   pos i -  
tlOn  information jn columns of dlgital  pushbuttons. Each a i r c r a f t  rn the 
B Y S b m  was assi@ed a two- or three-dlgit ident i f lca t lon  by the E m d a t e d  
computer. 'kls Ident i ty  was prmted  on the fk&t progress  str lpe and was 
Wed by the  control ler  when t rammlt t rng   pos i t ion   repor t s   to   the  computer. 
The a i rc raf t   pos i t ion- repor t   FnPomtlon   mser ted   by   the   cont ro l le r  
cons is ted   o f   the   fo l lomg-  

Aircraf t   Ident i ty  - A sequentla1  ldentlty  assigned by the computer. 
ErAered m Sect-son A of the  mput keyboard. 

Tme - The tune  reported  by  the  pilot in four dlglta. 
Enter rn Seczion B. 

Flx - A smgle-button  operation m Section C. 

The input  devlce  utllized a standard  teletypewriter  trawmitter equipped with 
a continuous  tape  contalnlng  the  necessary  address and format. Upon lnser t lon 
of the varlable   data   via   the keyboard and act ivat lon of the start  button,  the 
keyboard data comblned with the  contmuous-tape  loop t o  form a message t o  the 
smulated computer. A t  the  termmation of the  trammisslon,  the  contmuous- 
a d d r e a s  loop was reposi t loned  to  S'PART preparatory  to  the  transmission of a 
new message.  Flgure 6 1s an artist 's  concept of a poslt ion  report   input de- 
v i ce   u t i l i z ing  a ten-key,  eddmg-machme-type keyboaxd. The positlon  mPor- 
matlon would be displayed  to  the  operator  for  checklng  prior to transmlssion 
to   t he  computer. 

Arrangement of Test Facilities. 
Automatic  Tabular  Displays. 

The Type C &isplay  boards were used as automatlc  tabular  displays 
of fll&t data. The area simulated is shown in Fig. 7. m e  two fixes selec- 
t ed  to be displayed on the C boards were Tern? Haute (HIIF) ana hdlanapol i s  

8 G. A. Locke and E. R. Robinson, "Automatic Prlvate-Lme 
Teletypewriter  Switching System, I' Bell  Laboratories Record,  September 1935 
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(IND). Flight-data messages ( f lx  postings) for a l l  other  f ixes in  the two 
sectors were prmted  on teletypewriters and dlsplayed on flight progress 
boards.  Figure 8 is a block  diagram of t h e   e q u l m n t  used in this portion 
of the t e s t .  

Flight-data messages addressed to   the   smula ted  computer were 
introduced a t  input  statlons A o r  B, Fig. 8. These  messages represented t h e  
tm of traffic tha t  normally would be transmltted from one ARTC Center t o  
another, or were rn the  form of proposed fllght plans   o r lg lna t lng   mth ln  the 
area.   mese sample messages were routed  tWo@ t h e  8D1 switchmg C e n t e r  

t o   t he  smulated computer. Upon rece lp t  of the fllght plans m the Simulated 
computer, an  analysis of the  route of fllght occurred. By th ls   ana lys i s ,  the 
number of fmes mthm the  area  for  whlch dlsplay messages should be prepared 
was determmed. The calculat ion of the estimated tlmes and t l i e  preparation 
of the mndlvldual  messages i n  teletne-niter format also took  place i n  the 
simulated computer.  See Fig. 2. The output messages  from the  simulated Coin- 

puter were routed t,-ough the  switchmg  center  to  the magnetlc drum. The 
magnetic drum, servmg as a storage  devlce, pfr%ormed two main func t lom:  

1. It held  in  abeyance those  or;@nal  display messagees t h a t  were not  
inmedlately  requlred by the  controller.  !Che dxsplay messages tha t  were re -  
qulred  Immediately were transmitted by the drum to  the  dlsplay.  Those havmg 
estmated  t imes beyond the normal dlsplay  leadtme were held for future 
t rmsn l s s ion  on a clock-readout  routine. 

2. The f l lght-data  messages stored in the drum provlded  the "file" used 
by thC simulated computer m updating  subsequent  messages. 

The computed display messages were routed from the dnun to   the  
displays via the 8LD1 swltchlng center. The HUT and M;, f l x  postings were 
transmltted  to the C boards as ahom ln Fig. 8. Flx-postlng messages for  
Other fixes m the  two-sector  dlsplay area were routed  to   te le typewri ter   s ta-  
t l o m  C and D. The messages appeared m a s t r a lgh t - lme  format and the  paper 

merely torn  Into  s t r lps ,  which i n   t u r n  were placed m fllght progress 
Strip holders. It should be noted  that  thls portLon of the t e s t  wa8 con- 
cerned  prmaslly w l t h  the  automatic  tabular  display  characterlstlcs of the  
TJrpe C boards. Smce two f l xcs  on ly  could be displayed on the ~ y p e  c boards, 
the Printed COPY dlsplay We6 mamtarned t o  provlc?e a complete  two-sector 
ennronment. 

The arrangement o f  the flight-data message on a single  row of 
lnd ica tors ,   as   i l lus t ra ted  ~I I  Flg. 3, was di f fe ren t  from the fmllinr fllght 
progress  board format, Although certain  asemptlons were made as to   t he  
functions of the  board  that would be perforned  automatlcally, the C boards 
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resequencmg, and if a new f l x  postlng 1 8  t o  be Inser ted   in   the  middle of 8. 

board, It  would r equ l r e   t he   l dde rmg  of from 1 t o  20 r o w  of d a t a   t o   U s e r t  
a single n e w  flight. Although thls  delay  could be avoided  by mass storage 
and full parallel  msert,;on, It appears t h a t  such an aplroach  odd be f a r  
too  cost ly  and complex for t h ~ s  type of dlsplay. 

3.  m e  operational trials demonstrated t h a t  an o u t s t d i n g   f e a t u r e  of 
the ~ y p e  c boards, when used to   d l sp l ay  flight-progess mformatlon, 1s t h e n  
ablllt;.   to  accept  automatlcally a message contalnmg  revised estimates for  a 
posted  f l lght  and t o  f lnd automatlcally  the  corresponding  postlng m the dls- 
play and substitute the new mfomat lon   for   the  old. Another  advantage of 
the Type C boards 1s t h e   a b i l l t y   t o   a l t e r  any portlon of a dlsplayed message 
wlthout  disturbing or retyping  the renamnder of the message. Although the C 
boards provide f o r  a buffer-row  lnput  wlth  subsequent  transfer t o  the  desired 
row, It wuuld be des l rab le   to   type   d l rec t ly   in to   the  message row to be al tered.  
A keyboard  speed greater  than 7 wpm would be desirable  provided  that  the 
typed  characters were dlsplayed  before  the succeeding key was operated. S t i l l  
o'ber advantages of the Type C dlaplzy  boards  follow. Any displayed message 
may be transrnltted t o  a speclf lc   destmatlon by  simply alterlng  the  address 
code and operating  the  transmit  button. The dlsplayed message on the  trans- 
mltt ing C board remams undisturbed by thrs  actlon. The equlpnent 1s capable 
of operatlng  s>eeds up to 1,000 wpm. 

Typed Fllght  Progress Strip Tests. 
The t e s t m g  of a dlsplay system  uomg  prlnted fllght progress 

s t r l p s  was carr led on durlng the mnter of 1955 and the  spring ond summer of 
1956. The arrangement of the test envlronment essent ia l ly  w a s  the same as 
i n   t h e   t e s t s  of automatx  tabular  dlsplags. The principal difference exlsted 
111 the display units. The a i r   t r e f f l c   c o n t r o l   t e s t   a r e a  was the  sane two- 
sector  arrangemen% of the  Terre Haute and Indlanapolls  sectors. The displays 
Were standard flight promess boards. The fllght progress  str ips were 
produced by teletypewriter machlnes t h a t  had  been  modlfled s l l & t l y .  

Each printer was equlppped wlth a sprocket-feed  platen  to  pernlt  
the hmdlmg of continuous fanfold perforated  f l ight  progress  str ip  stock, 
Fig- 9. Each sec tor   u t i l i zed  two pr in te rs .  One machme was fed a buff- 
colored  stock of fllght progress  strips  whlle the other machlne used a green- 
colored stock. The sole purpose of  the  dual-prmter arrangement was t o  
Provide the  dlrectlon-of-fllght  lndlcatlon by color of s t r l p .  Figure 10 
show5 t h a t   P a r t  of the equipment arrangement  which differed from the 
cOnflguratlOn shown In  Fig. 8. 

5 r e e  methods of operation were evaluated in  the   t es t s  of typed 
flight progress  str ips:  
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1. An or lg ina l   f l lgh t   p rogress   s t r lp   messas  m teletypewriter format 
was prepared  by  the  smulated computer for  each fu: In  the  two-sector  area 
t h a t   l a y  on the  desigpated  route of Pll@.t. mese  messages were routed t o  
the  proper  sector (m or IND) and t o   t he  appropriate prmter   wl th ln   the  
sector  (buff or green  paper  stock) by Inser t ion of a speclal   te le type ad- 
dress. The messages were transmitted t o  the magnetlc drum f o r  storage, and 
were retransmitted to   the   d i sp lay   a t   the   des lgna ted   lead tme.   F lc t l t lous  
posit ion  reports were entered by the  control ler  end transmltted  vla  the po- 
s l t lon   repor t   mput   dcvlce   to   the   smula ted  computer.  See Wg. ll. These 
posl t lon  reports  were u t l l l zed  m the computer t o  update  the  stored infor- 
matlon on subsequent f1x postlngs. HOWeVeT, no attempt waa made to  provide 
the  controller  wlth  revlsed flight data  once t h e   o r l g n a l  fllght progress 
S t r ip  was typed. F ~ p r e  12 offers  a comparison between prmted  end written 
s t r l p s .  

2, The second  nethod of operatlon involving typed fllght progress 
st r ips   cal led  for   the  t ransmlsslon of a revlsed  f l lght   progress   s t r ip  for 
each f l x  posting  subsequent to the f l x  reported. The revlsed strip was 
placed  In  proper  sequence on the fllght progress  board, and the mlgla;l 
s t r l p  was aiscarded. 

3.  The th i rd  uethod was Ident ical  t o  the  second  except  that  the  reneed 
information  appeared on the   tDed  f l t r lps   in   red   p rmt .  

The te le typewrl ter   prmters  were modifled to  provide a r lbbon  sh i f t  
that  could  be  actuated  by a teletype  syabol. A two-color  rlbbon was used. 
See Flg. 10. The normal f l i gh t   da t a  were printed m black and revmed flight 
data  were pr inted m red.  In  the  composition of a rev ised   f l i&t-da ta  message 
by the smulated computer,  each  revlsed  goup of data  was preceded  by a t e l e -  
typewriter symbol "N," whlch, when recelved by the  prmter,  caused  the  rlbbon 
t o   s h i f t   t o   r e d .  The revised group was followed  by  the  teletypewrlter symbol 
"V, " which returned the rlbbon t o  black. 

The appearance of the   red   p r in tmg on a flight progrees   s t r lp  
conveyed two s ignl f icant   fac t s   to   the   cont ro l le r .   F i r s t ,   the   red   p rmtmg 
indicated  that  the s t r l p  was intended to replace a prevlous strip on the dis-  
play. Second, the  groups shown Fn red  type were the  actual  items  that were 
changed from the  prevlous  printmg. 

AE in   the  previously described portlons of this  tes t ,   the   posi t lon 
report  input  devlce  served  as a means  of provldmg  the computer with  current 
posltlon  lnformatlon upon which subsequent  revisious would be  based.  For the 
flrst method of opera t lon ,   p r ln t lng   or lg lna l   s t r lps   on ly ,   t ra f f l r  samples ' e r e  
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prepared which would provide a random flow of aircraft   through  the EKlF and 
IXJ sectors  wlth flx postlngs a t  each of the f x e s   c u r r e n t l y  111 use in the 
Indlanapolls ARTC Center. These f lxes  were: 

HUF Sector - IND Sector 

OKK 
IND 
XMX 
SC J 

Teletypewriter  Frmter Speed Tests. 

the  lndlvidual computer forms, smulatrng  the  data   t ransfer  from the ob- 
server In &e normal center. 5 e  r a t e  of entry  lnto  the problem wa8 
regulated by the operating capacity of the computer sectlon. 

Fl ights  were mtroduced by copying d l r e c t l y  from the sample onto 

!The completed  computer form, w l t h  e s t m a t e s   f o r  each flx in the 
two-sectw  area, wits glven t o  one of three telet3rpe  posltlons. All messages 
were addressed t o  a s ingle   te le type  pr inter ,  and allowed t o   p r m t  out on a 
continuous log. A measurement clock was s t a r t ed  at  1200, and the  clock tme 
wan entered on the  output log e v e r -  10 minutes. It was necessary  to  stop 
the problem a t  two different intervals  dmmg t h e  operatlon. Each t m e   t h e  
clock was stopped, however, the  awltching  center was not  mterrupted.  Smce 
a backlog  exmted ln the  switchvlg  center durlng most of the   t es t ,   the  
printer  contlnued  to  prmt  durlng  these  mterrupted  clock  tunes.  This ac- 
Counts for   the hlgh message count  during two of the  ten-minute  periods. 
These are indicated by an a s t e r l sk  m Table 11. 

From these tests lt was s h m  that the maxmum output of a slngle 
75-wpm p r m t e r  is approxmately 25 flight progress s t n p s   p e r  10-mmute 
perlod,  or  about 2 1/2 strips per  mmute.  Smce the r a t e  of productlon was 
maintalnlng a constant  backlog in the swltchmg  center, It 1 s  apparent that 
the  smulated  cmputer  wae producing something In  excess of 1 3  fll@rt prog- 
ress   s t r lps   per  hour. A l l  available  f igures on ac tua l   s t r ip   count   the  
jkdlsnapolis  Center a t  tha t   tune   fa l led  to show my 8-hour period  whereln 
the  average  hourly  strip  count  for  the two sectors,  HUF and IM), reached 
100. 



FLImT PFiOQlESS STRIP PRINTING - ONE PRni 

Output Interval  No. of Str ips   Pr inted 

1200-1210 
1210-1220 

1230-1240 
1220-1230 

1240-1250 
1250-1300 
1300-1310 
1310-1320 
1320-1330 
1330-1340 
1340-1350 

5 
21 
26 
25 
35* (clock  stopped  approx. 4 mm. ) 
23 
26 
36* (clock  stopped  approx. 4 m m .  ) 
27 ( l a s t  message typed at 1328) 

10 ( l a s t  message prlnted a t  1343) 
26 

Simulated Computer Output  Test. 

computer, addl t lonal   tes ts  were conducted. I n  these tests, two prmte r s  were 
used as the output of the computer, All messaGs  destlned for the HUF sector  
were addressed to   the   p r in te r ,  and all messages f o r  the DEI sector  were di-  
rected  to   another   prmter .  It wa8 bel ieved  that   th ls   divls lon would take 
care of t i e  backlog  encountered m the f l r s t  t e s t ,  Also, in order  to  provlde 
a more realistic mput,  the f l l g h t a  were phoned I.II from a poslt ion rn the 
smtching  center .  A sample consisted of 100 f l l gh t s .  

Operatmg  Condltlons. 

In order   to  arrive a t  a better measure of output of the slnulated 

Measurement clock was s t a r t e d   a t  0900. 
Phone and copy  completed a t  1012. 
Completed except f o r  "times" - 1013. 
Estimated - 1014. 
Typed and transmltted - 1025. 
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TABLE I11 

lLIGHT PROGRESS STRIP PRINTING - FOZTR PRINTERS 

0900-0910 
0910-0920 
0920-0930 
0930-0940 
0940-0950 
0950-1000 
1000-1010 
1010-1020 
1020-1030 

Totals 122 260 

The average ou-5put for  the  perlod 0930-1020 was 35 s t r lp s   pe r  10-mlnute 
p r l o d ,  or  210 s t r lps   per   hour   for  a two-sector operation. This t e s t  was 
m2or tan t   t o   e s t ab lmh   t he  fact that the  system  could  functlon in B real-tlme 
envuonment,  thereby  addlng to   t he   va l ld l ty  of the  results.   Available peek- 
day t r a f f l c   f l g m e s  m the  Indlanapolls ARE Center showed t h a t   a t  thls tune 
the 8-hour aversge  for  el ther of the two sectors  under consideratlon had not 
eXCCC$C6 50 ikL@lht K C Q P C 3 8  B % T i P P  pfr b p w -  

Complete System Tests. 

rcallsm and a r ea l - tme  environment. Severa l   d l f fe r rn t   t ra f f lc   cont ro l le rs  
were used to provlde a diversifled  opmion,  but due t o   l a c k  of manpower, It 
was not  posslble to malce a one-to-one comparison w l t h  handmi t t en   s t r i p  
techniques for the same t r a f f i c  sample a t   t h e  same time. 

Durlng the  complete  system tests, every  effor t  was mode t o  provvle 

The following  analysis of each type of operation is based upon the 
subjective  oplnion of the  t raff lc   control ler   ,prsonnel  who participated m the 
tests. Comparisons were made b a e d  upon past  experience and Judaent .  



Method I - Orig ina l   a t r ip  preparation d~. 

1. Savlng m coordinatlon  tune. 

Dlaadvantages: 

1. Confusion  bemeen old and new s t r ip s .  
2. ~ l m e  requmed  to  replace old s t r l p s  with new. 

Method I11 - Pr in tmg  or ig ina l  and revlsed  s t r ips  (rev1810118 m Ed). 

Advantages : 

1. Revisions may be detected  easily.  
2. Saving in coordinatlon  time. 

Disadvantages : 

1. Tme requlred to   replace old s t r l p  w i t h  new. 
2. Old ETA data  not  available on new s t r i p  for  comparison. 

A general  analysis of the  controller's  input  device used fo r  
sendhg  position  reports  Fndlcated that there were too many b y s  to operate 
and t h a t  an adding-machine-type  keyboard waah display would be bet ter .  

CONCLUSIONS 

Immediate improvement in ai r  txaf f lc   cont ro l  may be reqlized frm 
a system of encoding and processmg tabular  flight data. Such a system should 
include : 
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a. Input  devices  to compose f l i gh tda ta  messages in 

b. Electronic computere to process  the  data and d i r ec t  it 

c. h’ogr.ams within the computers to   permit   u t i l izat ion of 

and format  compatible with data-processing equipment. 

t o  tAe display. 

the  stored  data f o r  confllctlon-search and flow-control 
routines. 

d. A communlcations  system w i t h  the capabi l i ty  of providing 
on-line  service from the  mput  devices  to  the computer, 
between  computers, and from the computer to   the  display.  

progress  str lps.  
e.  Printing  devices for the  preparatlon of typed  flight 

An automatic tabular   display is required  to  permit  updating of 
dlsplayed  data by t!ae computer. Although  the amount of tabular   data   to  be 
dlsplaged. w i l l  be reduced as improvements m e  made in  pictor ia l   d laplays,  
there will remam  a  requlrement  for some form of display of tabular flight 
data. To explol t  fully the   capabi l i t iea  of the  electronic  data  processors,  
the  tabular  dlsplay  should be automatic.  Experlence n t h  electromechanical 
lndicators in the i r   p resent  state of development revealed  that   the  required 
amount of tabular  deta  could  not be  condensed sufficiently to provide  a 
workable dlsplay for  a controller.  It appears that en electronic  display,  in  
the form Of a dlrect-new,  cathode-ray  tube  or a projection on a  ecreEn, 
would be an acceptable method of presenting  tabular fllght data ,  

The implementation of the  basic  data-processmg system described i n  
this report  Would accomplish several  major objectives. It would: 

a. 

b. 

C. 

a. 

It 

h-ovlde immediate r e l i e f   i n  a c r l t i c a l   a r e a  by reducing 
the   c l e r i ca l  workload of controller  personnel. 
Aid in fur ther   def ining the data-processing problems 
anticipated in a complete  system  implementation. 
Acqualnt  the  traffic  controllers  with  the  capabill t ies,  
as  well 8s the  l imitations,  of automatic  data-processing 
devices. 
Provide  a firm basis  for expansion of the  system in more 
advanced techniques for  data  gathering and processing. 

RECOMMENDATIONS 

le recommended that :  

1. An operational computer environment  be created  as soon as posslble, 
conaiatmg of a t  least three adjacent ARE Centers,  each  equipped with d ig l t a l  
computers and having the  folloving  operational  Characterist ics:  
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a. The ab l l l t y   t o   accep t  flight da ta   au tma t i ca l ly  via a 
te le typewri ter   input   (e i ther  m m d l y  prepared tape, or 
from the fllght-plan  input  devlce). 

automatlc exchange of f l i 5 l t   d a t a .  
b. Adequate  communications links between  computers t o  permit 

c. Automatic mput from controller 's   posit ion-reportmg  device.  
d. Automatlc output t o   p r in t e r s   l oca t ed   a t  the posi t ion of 

operation m the ARE! Centers. 
e. Suff ic ien t  colnputer s to rage   t o  permit retent ion of the com- 

puted fllght progress   s t r ip  for other  routines such as 
confliction search,  clock  readout,  updating, and a 0  forth. 

2. lbe   invest igat ion of f l ight-data  computer outputs  continue  along 
two lines: 

a.  Automatlc  cathode-ray  tube  presentatlon of tabular   f l igh t  data, 
w l t h  provlslons for automatlc  updating,  sequencmg,  confllctlon 
detection, and so forth.  The development of the  automatic 
dlaplay also e n t a i l s  the developnent of m adequate means of 
"backup" or   providmg  the  control ler  nth "hard copy" 111 the 
event of equ lpen t   f a i lu re .  

b. Automatlc p lc tor la l   d i sp lay  of movlng targets whose course 
and speed me  de te rmued originally by  the  lnput of flight- 
plan data, and subsequently  corrected by per iodlc   pos i t lm 
reports trmsmltted t o  We computer from the  control ler   input  
dence.  
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