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ds report  describes  the  operational  evaluation by sim bti on 

temdne i t s  application t o  the   control  of hi&-al t i tude  a i rcraf t  i n  the  
techniques of a pictorial-type d r  t r a f f i c   c o n t r o l   u s p l a y  in order t o  de- 

present air t r a f f l c  control system. 

to represent a f r c ra f t  vectors and alt l tudes,   respectively,  forms the  basis  of 
The use of transparent  tapes  in  conJunetion  with transparent  plates 

the  dfsplay-. Each transparent  tape i s  imprmted  with a l o n g l t u d i d   l i n e  and 
with wrows to   represent  a track and the  directlon of flight, and n t h  trans- 
verse   l ines  and numerals t o  represent  consecutive  increments of time at  a 
selected pound speed. Aircraft  vectors  are  deplcted  by  affixing  appropriate 
tapes to a plate .  Routes of fl ight,   estimated  locations a t  any time  along  the 

trayed  pletorial3.y  for a l l  aircraft   represented  by  the  tapes a t  the   a l t i tude  
routes, and locations and times a t  which the  routes nll in tersec t  are por- 

the  &her,   in a horizontal or vextical  stack, a three-dimensional  presentation 
represented by the   plate .  By placing  similarly  prepared  plates, one behind 

of t r a f f f c   i n  a selected  block of airspace is formed. 

A prototype  display,  utilizing  the above procedure, was fabricated 
and tes ted .  It was found t o  be usa t f a fac to ry  because all fl ight   post ing was 
performed with  the  plates  positioned in the  display, and all flights asslgued 
the  same a l t i tude  were posted on the same plate .  These methods necessitated 
the  sharing of both  the  plates  and che workfng space  by  both  the  posting and 
t he  control operating  posftlons. 

posted on an individual  plate.  The plates  then were assembled by a l t i tudes .  
The t e a t s  of the mobffled dlsplay confirmed the   g rea t e r   u t i l i t y  of these  pro- 

ational  display as we19 as to the  simulation of certaln  features of an 
eedures, and fndicated  the  possible application of the  principles t o  an eper- 

electronically  generated  prctorial-type  display. 

A modifled model was evolved whch  permitted  each  aircraft   to  be 

design  representing a new concept i n  a i r  t r a f f i c   con t ro l  (AW) displays was 
begun by the  CAA Techelcal Development Center (TD6). This concept, which 

Fort  Wo~3.h A n  Rate  Traff ic   Control  (ARTC$ Center, was forvarded by t he  
originated as an employee suggestion  submitted  by Mr. L, C. Moore* of t he  

6AA Office of Air Traffic  Control t o  fo r  study  and  possible  evaluation. 

In March 1957, a preliminary  study of the  principles and display 

. *How employed a t   t he   Techdea l  Development Center. 
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f ac i l i t a t e   t he   exe rc l se  of control oveT a l l  afrspace from 24,000 f e e t  up- 
ward, and t o  replace  the  tabular-type ATC disp lay .   In   l i eu  of a tabular 
display,  the  suggestion  proposed  the  use  of  tapes to form a pictor ia l - type 

aircraft belng  controlled  depleted  continuously in a three-dlmensional 
display  having  the  tracks,  polnts of intersection, and posit ions of a l l  

(3-Dl manner. It vas suggested that   the   pr inciples   incorporated in  such a 
ill q k y  rrould 

The suggestion  set   forth  the  princlples of a display  designed to 

1 Dlsplay  both  the  vertlcal  and horizontal   relationshlps of a i r c ra f t .  

2, Display  both  the  present and future  relationships of a i r c ra f t .  

J ,  Depict amcra f t  as vectors  uhlch would Indicate   the amount  of 
existing  separation between a i r c r a f t   i n  terms of time, and the  amount of 
separation which could  be  expected at any point  along a route of flight 

be  taken  into  consideration i n  the  control  of u r  t r a f f i c .  
4. Deplct  the  effectlve  alt i tudes and boundaries  of  special  areas t o  

5 .  Display  off-airway t r a f f i c  as effect ively as airway t r a f f i c  

6. Permit  the  postlng of control data covering  the  entire  route of 
flight i n  one rapid  operation. 

7. Permit newly pos t ed   t r a f f i c   t o  be f i l t e r e d  immediately i n  order 
to ascer ta in   the most near ly   confl ic t ion-free  a l t i tude or route. 

8,  Be usable r l t h  any form of  ground or airborne  navigational system. 

9. Complete the requirements  of a radar An: system for   the   cont ro l  of 
high-al t i tude  t raff ic .  

pr inciples  of the  display would be  useful, and the  design of a prototype 
model was l m t i a t e d   i n  May 1957. Althmgh  the  fabrication of a working 
model of the  display was completed i n  December 1957, d i f f i c u l t i e s   i n  ob- 
ta ining a supply of vector   tapes   for  fllght posting  delayed  the evaluation 
tests until Apri l  1958, 

The preliminary  study  indicated that an evaluation of the 

Examination of the  prototype model  of t he   p l c to r l a l  display 
suggeszed the   poss ib i l i ty  of  combining it with some form of bright o r  pro- 
Jec t rd  radar. Accordingly,  provision was made i n   t h e  tests for  operation 

play [SPANRAD) developed a t  TDC and also  for  experimentation with projected 
of the  &splay i n  conjunction with the superimposed p a n o r d c   r a d a r  dis- 

radar 
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EVALUATION OBJECTIVES 

The evaluation of t he  suggested 3-D display was conducted i n  
order  to; 

for the  control of high-speed aircraf t   operat lng at high al t i tudes.  
1. Test  the  principles  for  the  control of all airspace,   especfdly 

further evaluation. 
2. Determine the   des i r ab ih ty  of modifying the  prototype  dlsplay fo r  

corrjurnctfon n t h  hrect-view,  bright, or  projected radar. 
3. Deterrmne posslble  uses sf a 3-1) p ic to r ld - type  &splay in 

requirements,  characteristics, and features of a display  sui table   for  
4. Determtne, insofar as possible,  operatlng  procedures and the  

ln=semice  evaluation, 

5. D e t e d n e   t h e   f e a s i b i l i t y  of uslng  the  suggested  principles  to 
simulate a computer-generated, pictorlal ,   electronlc  display.  

EQUrPMEarr DESCRFFIOH 

Prototype 3-D Pictorfal  Dlsplay. 

enclosing six glass piates,  each 31 inches  by 3l inches  in  size,   the tracks 
upon whlch the   p l a t e s  were moved from one s ide of the  display t o  the  other, 
and the  mechanism f o r  moving the  plates .  The frame was 64 inches  long, 39 
inches  hlgh, and 4 112 inches deep, and was divided  ver t ical ly   into two 
areas  or bays of equal  size. Each of the  glass  plates  represented one alti- 

bays by means of the  hand cranks at  the  bottom  of the  display,  operating 
tude or f l ight   level ,  and could  be  positioned  individually  in  either of the 

t h o u &  a system of gears and drive  chains. 

The prototype display, shown in   F ig .  1, consisted of a metal frame 

depicting a control  area 500 naut lcal   mles   square was s i tuated on the  back 
m e  bay on the   r lgh t  was designated  the  posting bay,  and a map 

back-lighted by a lighting  device oeeupying the  position  corresponding  to 
of the bay. The bay on t h e   l e f t  was designated  the  control bay,  and was 

the  map behind  the  pastlng  bay. 

Suftable  interphone and a l r / g r m d / a i r  communications equipments 
were terminated a t  the  &splay f o r  use a t  each bay, and a small   f l ight  
progress  board was situated  adjacent t o  the  posting  bay. 

Vector  Tapes a 

transparent  cellulose  tapes shown i n   F i g  2. Each tape was prfnted  with a 

wPth transverse  hnes  representing  consecutive 5-minute increments of time, 
Longitudinal  line and m o w s  fndicatmg  the  route and direct ion of f l i gh t ,  

and with numerals indicating  the ground  speed represented  by  each  tape and 

F l i g h t  posting was accomplished  by means of preprlnted,  adhesive, 
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the  minutes  represented  by  each  transverse  line.  For  test  purposes, a 
supply  of  tapes was obtained i n  each of th ree  speeds, 425, 500, and 550 
h o t s ,  which were chosen as representative of the  speeds of a i r c r a f t   i n  use 
and which afforded a usable range. 

Flight  Progress Board Display. 
As shown i n   F i g .  3, flfght progress  boards  representing  the 

controller  and assistant cont ro l le r   pos i t ions   for  two sectors were equipped 
with the  necessary eommmlcations  equipment, and were operated in the  
conventional manner f o r  comparison with  the  pictorial   display.  

Auxllfary Esufpment a 

the  auxiliary equipment shown in Figs. 3, 4, and 5.  The TDC dynamic An: 

progress  boards and of the  prototype  pictor la l   d iqlay.  A s  described  else- 
simulator was used i n  conJunction  with a l l  modes  of operation of the flight 

where i n  this report, one or two SPANFlAD's were  used in   var ious  modes of 
operation of the   p ro to type   p ic tor ia l  &splay and of the flight progress 
board  display. In addition, a te levis ion camera was employed as a third 
inpu t   t o  a SPAMLAD in superfprposing  handoff situations f o r   t h e  SPAlWJI 
control ler  from the  pictor ia l   d isplay.  

In  some  modes  of operation,  the  basic  displays were augmented by 

TEST E N V T R O ~  

The prototype model of the   p i c to r i a l  display was s i tua t ed   i n   t he  
en route  laboratory  adjacent t o   t h e  dynamic ATC simulator, and was provided 
KPth key-box equipment capable of simulating air/ground/air  voice communi- 

a comparison could  be made, a simulated ARTC Center,  equipped  with con- 
cations, and long-line and local  interphone comnrunications. In order that 

was located  adjacent t o   t he   p i c to r i a l   d i sp l ay .  
ventlonal fllght progress   s t r ips  and tabular-type  flight  progress  boards, 

A fiypothetlcal  control  area was established,  with  Indianapolis 
at  the  center and M t h  secondary  radar  coverage of 200 naut ical   miles '  

Fac i l i t y  Charts published by the  U. S. Department of the  Air Force. 
r a u s  Appropriate maps were prepared,  based on the  High-Altltude 

Figure 6 shows one of the  maps mounted i n  the  display.  

The pr lneiples  of the  prototype  display  being  tested were 

applicable t o  m area  control concept  (control of a~ airspace) a t  
suggested as mking possible a three-dimensional, pictorial-type display, 

a l t i t udes  (24,OOQ f e e t  and above]. The a i rc raf t   usua l ly   f ly ing  at  such 
a l t l t udes  normall;r  have a ground  speed of 400 knots or more, and in order 
t o   t e s t   t h e   e a p a b l l i t i e s  of the display In   the   cont ro l  of high-speed air- 
c r a f t  over a relatively  large  geographical  area,  a departure was made from 
the  convcntlonal  sector  pattern. The control   area was not divided geo- 
graphically 1n:a sectors  but was divided by a l t i tudes .  In t h s  t e s t ,   t h e  a,ooO- t o  3$J,O~-foot  al t i tudes,   incluslve,   represented a sector  havlng 
la teral   bom3aries   coincident   with  those of the  control  area.  The 
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aaaeen-t.  eectorg cnus woda begfn a t  lrC?,O~30 f e e t  and extend upwapd, and a t  
28pOO~0 Peet" m d  extend damwmd, and would h v e   t h e  same l a t e r a l  boundaries. 

compwimn confrQiled  the same six alzitudes,  but was divided  geographically 
The tabular-type flight progress  board  afsplay  used fo r  

imto two sectors because the  nmber of fix postlngs  necessary was too great 

tenaed from aarth Lo xmth approximately through the  center of the  control  
fcr effective  cperation by one control ler  The sector   divis ion  l ine ex= 

area, Q E  shown i n  Flg. 7 .  

tabular dtsplaye a lso  would yield, as a by-product, an fndgcatiwe of army 
differences ln the  m m t  of traffic  coordination  required by a l t i t ude  
sec tor iza t im as opposed eo geographic  sectorfzatfon. 

1% was ant ic ipated  that   the  comparison of the   p i c to r i a l  aud 

P o w  t ra f f fc  samples were prepared,  each  providfng a t r a f f i c  
density sf apprcxfmteLy 35 afrcraft   per  hour.  Each sample had a running 

posted, It was desfgaed so tha t   t he  full 24-target  capacity of the ~ i m -  
time of 2 hour 15 nafautes, aud began with approximately 10 aircraf t   a l ready 

lator w&s alrbome Wethin $he area f o r  approximately 75 per  cent of the  
sample mming zfme- 

Four e m t r a E e r s  aud two assis tant   control lers  famfliar with most 
of the  control area  rovered 112 t h e   t e s t s  were furnished by the  Indianapolis 
A R E  center  In  order t o  miaimlze  Learning and memory  factors ,  four lfsts 
of a i rcraf t   ident i f icatmns and aimraft types were used, and these l ists,  
t h e   t r a f f i c  samples, and the  operating  positions of the  controller  personnel 
were changed f o r  each t e s t  r u n o  

Two observers were assigned from the  TDC staff t o  monitor the  
con;Srol exercised in the  various m s .  The observers  noted  the number and 
%ype of po ten t ia l  eor9lfctions which occurred,  the number of po ten t ia l  con- 

potential  conflfctionns which were resolved  by  the  use of radar. 
flietlons no t  noted or resolved by the  controllers,  and the  number of 

In order   to   preseat  BIL operating  situatfon as r e a l i s t i c a l l y  as 
possible, a l l  inbound flight data were transmitted by interphone from a 

data an a t r e r a t  ambound frm the control area were transmitted sfmilarly 
"&ost" posxtfon t3 the  appropriate  operating  positions, and a l l  flight 

from the aperating  positions to EL seeorad &os% posi t ion-  All coordination 
between seekcrs, and bezweeru me dfspplay control lers  and the  radar  control- 
%em in  those msdes u t i l i z i n g  radar, was accoinplfshed  by means of interphone, 
and all control ler ipf lot  eonmnulicatfans took place  over  the smnil.ated air/ 
K ~ ~ a ~ a i r  chaacels. m e  number and duration of afr/gromd/air end 
incerphone contacts were measnred aummatieally and recorded  electrically.  

The tabnlar and the  protatype  pictorial   displays each were 
operated in four hf ferez t  modes. 
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Force-@AA procedures and separation starndards 
1. &de 1 utfllzed  the  dfsplays  only, and employed Army-Navy-Mr 

display  for  each  sector, and bas ica l ly  employed M C  procedures and sepa- 
ration  standards,  Bowever, radar procedures and separation standards could 
be employed at the  discret ion of the  display  controller.  

2. Mode 2 u t i l i z e d  a dfrect-view radaP scope i n  conjunction  with  the 

3 .  Mode 3 x t i l f aed  a S P W  in  conJmetion with the  display  for  each 
sector,  and basical ly  employed AI02 procedures and separation  standards. 

the  discretfon of the  display  control ler .  
Eowever, radar procedures m d  separation  standards  could  be employed a t  

sector and the  aSSOCfated displays were used only for   bachp   in   the   event  
O f  radar f d l u r e  and t o  carry detai led fli@t l n f o m t i o n .  In t h i s  mode, 
Canbfnatf~ns of M C  and radaP procedures and separation  standards were 
used at the   discret ion of the  display  controller..  

4. Mode 4 u t i l i z e d  a f o r  all control of aircraft i n  each 

TEST PROGEDURES 

Mode 1. 

ARE Center, Kfth no radar, and s ta f fed  by two control lers  and two assist- 

using ANC procedures and separation  standards. 
ant  controllers.  The Usplay was operated i n   t h e  conventional manner, 

The tabular  display was operated i n  Mode 1 as two sectors  of an 

I n  Mode l, the  prototype  pictorial   display also was operated 
without radar. However, it encompassed i n  one sector  the same airspace 
represented by two sectors  on the  tabular  display, and was s td fed  by two 
control lers  and one assis tant   control ler .  

In the  operation of the  pictor ia l   d isplay,  an estimate on each 
f l i&t  inbound into the  control  area, or  on each  departure  from  within  the 
area, was forwarded  by a ghost posi t ion by m e m s  of interphone to  the as- 
sistant eontroller,  wha copled  the infowatton on a flight progress   s t r ip .  
The glass  plate  representing  the  appropriate  al t i tude  then was selected by 
the   ass i s tan t   cont ro l le r  and positioned i n  the right bay by means of the  
associated Band CY=&. 

A vector  tape  representing  the  pr6per ground speed  then was 
selected, and begfgning a t   t h e  time and f ix  indicated  in   the flight plan, 
t h e   f l i g h t  was posted fm accordance with the  authorized  route. The air- 

igformaticn as clfmb and descent data were writ ten on the  tape by  means of 
craft fdenttficatiom,  the  appropriate  hour o r  hours, and such supplemental 

a china m k i ~  penci l ,  

PB order t o  f i l t e r   the   t ra f f ic ,   the   d i sp lay   cont ro l le r   then  

at the   sme  a i t f tude  and, i f  such conflictions existed,  positioned  the 
checked fo r   po ten t i a l  conflictions vlth other aircraft posted  previously 

p l a t e  in t h e   l e f t  bay i n  order t o  ascertarn ff a confliction-free 

A 
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d t i t h d e  was available fo r  %he route  requested. If an a l t i t ude  change 
w o l d  avoid  conflietlo,ms, such a change was coordinated wfth the   f ac i l i t y  

munIca%ions  equlpmeat 1imltations,  such  coordination was assumed fo r  pur- 
under whose jurisdiction t h e  flight then was operazing. Because of com- 

poses of t h e   t e s t .  If a confliction-free  alt l tude did not  exist  o r  if a 
change of altitwle could not be  effected,  the  points of potent ia l  conflic- 
t fon were indicated f o r  the  air/grouud controller by aff ixing small adhe- 
sfve tabs to t he   p l a t e   aaacen t   t o   t he   po in t s  where the  conflictions would 
occur- m e r e  Were two basic methods considered for  indicating an a i r c r a f t  

used was t o   a f f i x  a &P adhesive tab, =iced with ei ther  a climb or a 
climbing toj or  descending from, an assigned a l t i tude .  The f i r s t  method 

clescenr; arrow, t o   t h e   p l a t e   a u a c e n t   t o  the pofnt where the  climb or de- 
scent wa8 commenced.  The second method was to mark, with red grease  pencil, 

path  involved i n  the a l t i tude  chaage. Any deletions,  additions,  or 
the  pornion of the  vector  tape  corresponding to   the   por t ion  of the   f l igh t  

corrrecsioms of pasted data were accomplished fn the right bay. 

FoB1ovPsag the  completion of flight posting and confliction  search, 
the   p la te  was positioned i n  t h e   l e f t  bay, and the display  controller artd 
the  air/gromd  controller  collabwrated as necessary in determining  whether 
any control instructions were t o  be  issued. 

All air/ground/air  contacts  uere made by the  air/ground 
controller,  who also revised  the  posted  vector  tapes, removed the  portions 
of tape  representing completed  segments of the flight, and performed any 
other  operations  necessary to ms9ntain the m e n z  s ta tus  of the  posted 
flight data. The controller  could  accomplish  these  actions by positioning 
the  plate   beanng  the  post ing of the   a i rc raf t   wi th  w h x h  he was in contact 
so that the  approprfake  vector  tape was accessible t o  hfm. 

were fomarded  by  the  assistant  controller t o  a second ghost posit ion at 
l e a s t  15 minutes p r i o r   t o   t h e  time the   a i rc raf t  was estimated t o  pass  the 
last  f i x  fe the   area"  !Ptds estimated  time was writ ten on the  flight prog- 
r e s s   s t r i p  a$ the  time  the  posting was completed, and it was the  responsi- 
b l l i t y  of the df~plw cont ro l le r   to  keep t h i s  time, and any other fU&t 
data,  current on the flight progress strip representing  each flight. 

Mode 2" 

a direct-view radar scope was available a t  each  sector. These scopes were 
represented by SPAwRAD's Kpthmt  the  use of the  tracking  surface. Each 

trollers  for  the  t-abular  display,  and th ree   cont ro l le rs   for   the   p fc tor ia l  
SPblTRAD was staffed by an addftfolnd  controller, making a t o t a l  of four con- 

display. The display  controliers could make use of radar through the  radar 
control lers   for   ident i fylag and sepa ra t ing   a i r c rd t  in accordance  with  the 
S t a n W d  W u a i  of Radar MY Traffic  Control  Procedures, i n  addi t ion   to  
t h e i r  own use of APE procedures end separation standardsm Inasmuch as all 
a i r c r a f t   f u i n g  at the   a l t i tudes  used i n   t h e   t e s t  normally wovld be  equipped 

The estfmates and flight data on aircraf t  outbound from the  area 

I n  Mode 2 the  displays were operated as f n  Mode 1 and, i n  addftion, 
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v ~ t h  radar beacon, ",he radar  controller was permitted t o  simulate beacon 
ident i f ieatfon by requesting  the simulator opera tors   to   b l ink   the i r   t a rge t  
lights. 

Mode 3 .  

were operated as in Mode 2, with  the  addftion of the  tracking  feature.  
Although coordinahon between the  tabular  display  controllers and the radar 
controllers  again was effected by means  of interphone, fn the  case of the  
p i c t o r i a l  &splay, the   plot ted  t racks of the   a i rc raf t  were televised and 
mixed n t h  the  radar  dfsplay on the SPAFTRAD tube,  Kith  the  interphone  used 
only t o  supplement this procedure as  required. 

In Mgde 3 the  displays were operated as i n  Mode 1 and the  SPANRAD's 

Wslng the equipment shown in   F ig -  4, it was possible   for   the 
p i c t o ~ i a l  display controller to indicate  the  estimated  point of confliction, 
or the   t racks of the   a i rc raf t  concerned, by pointing  to  the  appropriate lo- 

produced p%ctor~aUy by the radar controller  tbough  the  use of SPANRAD. cation on the  display, as shown i n  Fig. 8. The situation  then  could  be re- 

Mode 4. 

u t i i i a fng  a mixture cf Awc standards and radar  separation  in  accordance with 
the  usual SPANFAD procedures. The tabular and pictorfal   d isplays were oper- 
ated i n  this mode as bachp  displays i n   t h e  event of radar   fa i lure .  Such 
f a i lu re  was simulated by capping the SPANRAD camera at  an a f i i t r a r i l y  se- 
lected  pomt during t h e   t e s t  run. After the simulated  failure,  the control 
function wae pieked up a t  the  displays i n  aceorflame  with ATE pmcedures and 
separatfon standards 

In &de 4 the   basic   control  was exercised from the SPAWiAD's, 

ProJected Radar. 

provided  with radar by  focusing a theateT-type  televisfon  projector on a 
translucent  screen  behind  the  left bay of the  prototype  display The pro- 
Qector and screen  replaced  the  back-fighting  device  used i n  the  other modes. 
%e projected image, whch was the  same sfmulator  video map and radar tar- 

the  map of the  control  area.  Thfs mode was designed to be  operated i n  a 
gets  appearing on the SPAwRAD's, was i n   r e g i s t e r   n t h   t h e   f i x e s  and scale  of 

manner simflar t o  Modes 2 and 3 by substi tuting a proQected radar &splay 
fa r  the  direct-view rad- and SPAFiRAD. 

I n   t h i s  mode of operat ion,   i l lust rated  in  Fig. 9 ,  the  display was 

1 

!EST RESULTS 

Gompapiso~~ Between Tabular and Prototype 3-D Displays. 

procedural and operational aqfustmeets to be made, delay i n  the  delivery of 

play Kpthout the  benefi t  of a "debMgging" perfod. The tests had been de- 
the  vector  tapes made f t  necessary to be#n the tests of the  prototype dfs- 

tabular  displayb but it soon was apparent  that  the  pictorial  display  could 
vised  as a d i rec t  comparison of the   p ic tor ia l   d i sp lay  and the  conventional 

not  be  meraced in i t s  existing  configuration as a single  sector at  the  
same t raff ic  density as the  tabular display comprising two sectors. 

Although an experimental  phase had  been  planned t o  permit 
1 . 



The capabi l i t ies  of the  protctype p i c t o r i d  display were l f d t e d  
b y  the necessity of sharing  the  plates and the  worklng space  by the  control- 

asaistant far  postlng a new flight often was being  updated by the  controller 
l e r  md the   ass is tant   contral ler .  It was found tha t  a p l a t e  needed by the  

a s  a r e su l t  of an aSr/ground contact in which he was currently engaged, o r  

time  requfred for the  postlng of f l ight   data  vas variable froin approxi- 
fr. was ia use by the  control ler   in   resolving a t raff ic   confl ic t ion.  The 

ona%elg 1 rm5ute up t a  10 minutes due t o  the  Pack of p la te   ava i lab i l i ty ,  
The r e su l t  was a continual  backlog of unposted  fl9ght  datae 

e reverse  si tuatiou was more serious  1n  nature.  Frequently,  the 
controEer was i n  urgent  aeed of a plate  currently  being used by the  assist- 
antm T%is resu l ted   in  p a r t i d l y  posted fllght data, the  accumulation of 

of hazardous control situatfons caused by the   fnabl l f ty  of the  controller 
"deadwood" or completed but unremoved flight s e e e n t s ,  and the  introduction 

t o  remain abreast of t h e   t r e f f i c   s f t u a t i m .  

As only a H d t e d  &mounb of work colnld be  performed on the same 
plate  sfmultmeously by both  the  eontroiler and ass i s tan t  under the   s ta ted  
circumstances,  additional difficulty was presented  by  the  necessity  for 

was engaged in  posting a f l i g h t   i n   t h e  rfght bay, all of the  plates,  except 
sharing the working space. Ognv t w o  bays were available, if the  assistant 

the  outer one i n  the   l e f t  bay and the  one In use by the   ass i s tan t ,  were in- 

Thls necessltated  the keeping of notes by the  controller,   since it was fm- 
aCCeEslble t o  the  controller  for  updatfng  whle in contact  with a p i lo t .  

pract icable   for  hfm to make a temporary substi tution of plates  f n  the right 
bay.  Conversely, if the  controller had posftfoned a p la te  i n  the right bay 

were inaccessible   to   the  ass is taat .  
for use i n  the  cotrse  cf an airfgromd contact, a l l  but two of the  plates  

Because the  portlon of the  tes ts   x t f l ia ing  the  tabular   display 
had been completed f f r s t ,  due t o  the  uncertainty of %he deifvery of the 

proceed with t h e   t e s t s  of the  pfetor ia l   dfsplay.  As the  communications mea- 
vector  tapes, it was decided t o  reduce t h e   t r a f f i c  samples by one-tMrd and 

m s p  it also was decided t o  complete the  corresponding measurements and ob- 
swements and observers '   repods had been completed for  the  tabular  display 

senrations of the  pictorial   display,  even  though they were of questionable 
valldfty,  i n  order t o  obtain any m f o m t f o n   t h e y  might offer.  

ALI  of the VOR's depicted on zhe map originally were designated as 
e~nrpulso~y reporting  points. However, the  plate-  and space-sharing  prob- 
lems made it impossible f a r   t he  air/gz-ound controller t o  cope n t h  t h f s  

were reduced t o  one report  over  the f i rs t  TOR upon entering  the &rea9 one 
number of eonkacts. Accordingly, the compulsory reports fo r  each f l i g h t  

in%ewediate VOR repofit,, and one report  over the last VOR upon leaving  the 
area 

the  capabili ty of f f l te r fng   t ra f f ic   conf l ic t ions   occur r ing  at ao$ point 
along  the  emfre  route and of" selecting a confliction-free  alt i tude or route 
for  each f l igh t . ,  T h s  procedure  praved t o  be very  difffrmlt   to  apply in the 

One of the  antfclpated  benefits  cf :he pictor ia l   d isplay had been 
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ease of the prototype  display  because of t he  plate- aad space-sharing 
problem  zentfoned  previously, aud because of the  difffculty  encountered  in 
repasting flights requiring adJustments  of altitudes,  routes,  or  times. 

1/2-fnch  apart. It was found  by  experfmentation thaz a spacing of 1 t o  
1l/2 Taches provided a m c h   b e t t e r  3-D ef fec t  because of the  increased 
parallax 0 

!The plates  fn  the  protozype model were spaced  approximately 

a mamaally prepared pfctorfd  plot t ing  display  vPth  e i ther   direct-view or 
scamconverted  radar. It was p&icdar3y  effective  with scan-converted 
radar lsavfng a t h i r d  input from the  display mixed w i t h  the  radar and tracking 
inputs, whlch peneitzed  the  plotted tracks and posi t ions  to   be  direct ly  com- 
pared with the  t racks and positions  befng made good by the  radar  targets.  
This procedure nnfnfmized the  necessity  for  continuous  tracking of all radar 
targe ts .  Tke  maJor1t.y of the  resolved  patentfal   conflictions  depicted on 
the   p fc tor fd   d i sp lay  were effeczed by radar, whereas the  majority of such 
conflictions on the tabular display were resolved by the  application of ABC 
procedures. !Phe greatest   d i f f fcul ty  encountered i n  the  use of the  display 
i n  conJmctfon bsfth SPAEblD was r e l a t e d   t o  the  space-sharing problem. The 
plates  were no5 aiwsgra readily  available  for  posit ioning  before  the 
t e l e v i s h n  camera. 

The t e s t s  demonstrated  conclusively  the  feasibility of u t i l i z i n g  

e i ther  display based solely upon the   t e s t s ,  it vas  the  opinion of the  par- 
tfcipating  personuel that the  greatest   deficiency of the   p ic tor ia l   d i sp lay  
had been m e  of equfpment rather  than  principle- It also was a generally 
expressed opfafon that  the  effective  operatfon of the  tabular  displays as a 
single  seetop w o a d  have  been  impossible  because of the rider of ffx  postfngs 
requfredj even at a reduced t rafffc   densf ty  comparable t o  tha t  of the  
p i c to r i a l  display runso 

Although no categorfcal   ckim of superforfty  could  be made f o r  

decided that an attempt should  be made t o  elimfnate  the  difficulties  fnher- 
ent  fa  the  prototype model of the   p fc tor fa l  display, and if a feasible  solu- 
tfon c d d  be found, t o  test the d f sphy  fn a modiffed  configuration. 

As a r e su l t  of the  operatlug  experience  gained i n   t h e   t e s t e ,  it was 

t u r d  bay t o  the dfsplay. Although mch an addition would have done much t o  
8 E w f a t e  the problems associated vPth space-sharfng  by providing more work 
area, ft was regected  because of the  increased  travel  required of the  plates  
and because it would afford h t t l e  or no re l fe f  from the  necessi ty  of plate-  
sharing. The concept of the  modified display then vas evolved. 

Consfderable  attectfon was given to   t he   poss ib i l i t y  of adding .a 

Representatives of the  Central  Altltude  Reservation  Facility 
(CAFW] vfs i ted  
ppessed an i n t e re s t  in obta€inlng the  dfsplay fo r  experfmentatfon. It sub- 

a f te r   the  completion of the  prototype  tests,  and ex- 

sequent- was supped t o  CAFS f o r  investigation of the  possible  application 
of the  pr inciples  at  tha t   f ac i l f t y .  
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MGDIFIED TEXFE-DIMENSI~AL PICTOFtIAL DISPLAY 

The madified pfc tor ia l   d i sp lay ,  shorn in Fig- 10, was desfgned t o  

divfdual  plates,  rather  than  posting a l l  f l i g h t s  at  any one a l t i tude  on a 
serve a6 a iaboratory  mael  to t es t   the   p r inc ip le  of posting flights on in- 

single p l a t e y  

the absence of hmd cranks and i n  the  over-all  dimensions, which now were 
The mast obvious physical changes from the  prototype model were 

plates  were 20 inches  squwe,  with a 2-ineln-sqmre tab on each  side. The 
53 inches i n  lehgth, 24 inches ir height, and 16 inches i n  depth. The 

wooden f r m e  was constructed  in  the form of a box, open on each  side, and 

t i m e d  along  the  top ar,d bottom, making the  slots  continuous  the full 
dfvfded i n t o  s ix  slots at each end. The dlviders formfng the   s lo t s  con- 

length of the frame. 

h s t e a d  of a l l  flfghts at me  alt i tude  being  posted on a single   plate ,  each 
f l i g h t  was posted an an indfvfdual  Plexiglas  plate  at  a plot t ing  posi t ion 
adJaeent t o   t h e  display. All of the  completed plates  representing  the same 
alt i tude  then were assembled fn   the  same s lo t ,  which could  accept a maximum 
of six plazes. A t~Zal of 24 p la t e s  were available f o r  the  tests. The 
equipment available f o r  use at  the  plot t ing  posi t ion made it necessary t o  
reverse  the  operating  positions fo r  t M s  display,   p lacmg  the  plot t ing 
POSitiQIl on the l e f t  and the  control posit ion on the right. 

!he  principal  operational change was i n  the  manner  of posting. 

It vas necessary t o   r e t a i n   t h e  same scale  for  the  control  area 
map as wa6 used for the  prototype model because the  preprinted  vector  tapes 
had been desimed f a r  that scale.  Since  smaller  plates were used, this re=  

miles, as i n  the  ease of the  prototype  display 
s d t e d  la a eortrol   area 375 maLtfcal mfles  square  instead of 500 naut ical  

TEEST mmmms 
The modified p i c to r i a l  dolsplay was staffed  with one controller and 

much as %he prmcfpies   u t i l fz fng  radar, whfch were examined i n  Modes 2, 3, 
one assfstant  controller and was tes ted only in %de 1, vf th  4 runs, inas- 

and 4 of the  zests  of the  prototype  dlsplay, also were applicable t o  the  
madlfied dolsplayy. Each flight was posted on an fndlvidual  plate  for  use 
with  the modffied displays. Otherwise, the method  of recefving,  postfng, 
and  foruerrding f l i g h t  data essent ia l ly  was the  same as  that used KPth the 
prototype  display %%e m o r  posting  differences were tha t   t he   a i r c ra f t  
ident i f icat ion was vr f t ten  on the  tabs  on each  side of the  plate ,  and the 
time ae a i r c r a f t  was estimated t o  cross each f f x  was Indicated  by  the 
addolti@Ii of a mmk across  the  tape a t  the  correct  point. 

bay of the  dlsplay by the  ass is tant   control ler .  This bay  normally was 
empty except for the  posted  plates  representing  aircraft   currently in 
contact  with  the  controller It then was possible  for  the  controller t o  

After  each f l l gh t  was posted,  the  plate was p laced   in   the   l e f t  
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move Lhe new pasting into the  right bay for romparisoxi with  the  other 
flights posted  previously at  the   sme  aPtLtude, i n  order to f i l t e r   t h e  
traffic: by aQuatfng  alzftudes OP routes a6 necessary or tQ take any other 
ccntrol actlon  reqnfred. 

eorresponded t o  that of the  protctype dfsplay, the  basic  difference ex- 
istilag be3ween the two displays again should be  noted In the  ease of the  
pmtozype  display, it was necessary for the  control ler  t o  share  both the 
plakes and t,he operating  space  with the assis tant   control ler ,  whereas i n  
the  maff8ed  di~ppPe~r  the  controller had unrestricted  access t o  both  the 
operating  space and t o  any of the  plates  upon which flights had  been 

Although from this point  the  operation of the  modified  display 

pasted0 

t r d f i e  sample of 35 a i r c ra f t .  Even though the  display vas staffed and 
operated with only one controller and one assistant controller, only two 
problems of aey eonsequence were disclosed. 

The t e s t s  of the  mdlf ied &splay were made u t i l i z i n g  a full 

runs, the  workload of tlae assfstant control ler  was much too great i f  the 
flfght data m all alreraft entering OP departing the  sector must be 
haadled  by  Interphone. During t h e   t e s t s  he was ab le   t o  beep the  posted 
fllghts current,  since  the flight posting  time was approximately 27 sec- 
mds. In  order t o  maintain this current  status,  Kfth  respect t o  newly 

positfor; was forwarding  outbwnd fliat data t o   t h e   a u a c e n t   c o n t r o l   f a c l l -  
received inbound flight data, it was neeessary to   a s sme  that another 

position, so tha t   me  pos i t ion  would receive and transmit via  interphone 
i t i e s  S.Xh CQIIditiOnS  would require  the  staffing of another  operating 

the  flfght data on ach fnboand  and outbmd  a f rc raf t ,whi le   the   o ther  po- 
si t ion  posted  the flfghcs on the  plates. The use of electronic computers 
f o r  flight pragress   s t r ip   pr int ing and flight data passing  functions also 
w d d  fulfill the  additional  operating  pasftion requirement&. 

It was found that, a t  the   t ra f f ic   densf t ies  used i n   t h e   t e s t  

o~easfcrua~& the  assisteat. controller must delay  inserting a newly posted 
flight i n  order to avoid  interfering with the  controller engaged i n  up- 
dating the flight data i n   t h e   e m s e  of en alr/ground contact. A simple 
aolutfon w&d be  the  addition of a "wspense"  slot on the   f ront  Of the  
d i s p P q  into wbeh all posted  f l ight data w d d  be  inserted by the   ass i s t -  
ant controller.  Sslartfons t o  both of these problems are  indicated i n  an 
m t l s t ' ~  concept sf an operational-type  display, which appears as  Fig. l l o  

"Phe second d i f f icu l ty  was less serious. It was found that 

The zests of the  modified display confirmed the  belfef that the  

were i-erent in the desigtn of the  display and not f n  the  pPincipleS  In 
ope ra t ing   d f f f i cd t i e s  encountered i n  t h e   t e s t s  of the  prototype  display 

m e  'p61n of the  modfffed display t es t s ,  BIP experienced air route  controller, 
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prev aarsly3 XES able t o  control traffic safely at  the   re la t ive ly  hi& 
w h  was unf'amiliar with the  area a d  had not operated  the afsplaby 

densiZy used fn   the   t es t s .  

t es ta ,  ap1 VORgs depicted OR the map of the  control  area were desigaated as 

prototype model. Ha undue d i f f icu l ty  was experienced by the  controller  per- 
same1 in  empleting all of the  required afr/gPouad contacts. 

In  order t o  maintain  as  great a workload as possible  for  the 

1soz-y reporting  points,   as was t he   ca se   i n i t i a l ly   i n   t he   t e s t s  of the 

IPhe 20-inch-square  posting  area  provided  by the p la tes  of the 
modified  display were mere easily  seamed  by  the  controller  than  the  larger 
p la tes  Of the  prototype model. At the same t h e ,  they  appeared t o  be suf- 
?icien%ly  large zo avoid art overcrowded appearance of the  posted  f l ights.  

display of enabling  the  cantroller  to  detect   potential   conflictions  quickly 
at any point  along a route of flfght  greatly  meliorated  hie workload by en- 
abling h i m  t o  ad$ust fzghts before or at the  tlme  they  entered his area of 

of d t l tude ,   rou te ,  or time  adJustment6 made the   fu l les t   appl ica t ion  of the 
control, In the  case of  %e modified  display,  the  ease of reposting  because 

fi l tering  process  practicable.  

It was clear ly  evident that the  capabili ty of t he   p i c to r i a l  

A similar benefit of this type of display was the immediate 

talne effect  Qr should  be completed, without  the  necessity of calculating 
ava i lab i l i ty  of the  times or locetions  certain  control  instructions should 

mfleages or  times. 

Although it was not  possible  to  explore  the  possibil i ty fully 
during  the  tests,  it appeared that intersector  coordination and transfer of 
c o n 7 ~ x ~ i  might be feasible by means  of a physical  transfer of the  posted  plate 
representing  the aircraft involved.  Application of t h i s  procedure would be 
dependent upon the  development of suitable  procedures, design of equipment, 
and the  Juxtaposition of the  sector  operating  positions. 

Progeezed  Radar. 

resolution between the  progected radar and the  map of the  control  area 
represented by ffxes  depicted on the  plates  of the  display. 

L i t t l e   d i f f i c u l t y  was encountered i n  obtafning  satisfactory 

the  electronic components of the proJeetor, and although flights were posted 
i n  order t o  observe  the  effect, no active m s  were attempted  pending  the 
ava i lab i l i ty  of more suitable  projection equipment 

Posting  Plates. 

Considerable  technical  difficulty was experienced  with some of 

Although a l l  of the   f ixes  were indicated on each p l a t e  of the  
prototype display, they Were fnhca ted  only on the back of the modified 
displayo In l i e u  of f ix  fnckcations on the  plates,  the  times when the  

KPth a china penci lo  T h i s  procedure  appeared t o  be satisfactory  for  use 
afrcraf t  were estimated  over  the  fixes were designated by marking the  tapes 
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wfth the contTrnL area  cmfiguat iow  med i n  ;he t e s t s .  However, it may 
be desirable In msa cases t o  have az leas t   the  maplor fixes  indicated on 
each plate.  

Some cl€ffimlty was encountered in mafntaining  the  clari ty of 
the  plafes  in the   mdif ied  display.  The Plexiglas  plates  acquired  strong 
charges of s t a t i c   e l e c t r i c i t y  which at t racted  suff ic ient  foreigu matter 
t o  decrease  the  transparency  progressively  as  the number of p la tes  i n  the 
display was increased. Although the  over-all  transparency was reduced 
below desirable 3Lmit.s when all 24 p la tes  were in place,  the  display st i l l  
cQuld be  operated. 

fnvestlgations were made of several   antfstatic  preparations which purport 
I n  m attempt tc resolve  the problem of p la te   c la r i ty ,  

t o  reduce o r   e l imina te   s t a t i c   e l ec t r i c i ty  from Vinylite phonogPaph re t -  
ords. h e  of these was subJected to   l imf ted   t es t ing  on the  Plexiglas 
plates .  Four plates  wWch were given an application of the  material, to- 
gether  with  four  other  unltreated  plates, were exposed for six weeks. The 
dust which had accumulated on the  t reated  plates  was wiped off easily,  
while the untreated  plates  were difficult t o  clean-. The p l a t e s  then were 
rubbed vigorously wfth cheesecloth in an attempt to induce s ta t ic   e lec-  
tricity. The s d Y  amount of s t a t i c   e l ec t r i c i ty   t hus  induced on the  
treated  plates  dissipated  completely after approximately 5 seconds. The 
untreated  plates   aeqdred a la rge  amount of s t a t i c   e l e c t r i c i t y  which 
disrripated  very slowly. 

Vector Tapes e 

It was anticipated that the  vector  tapes  obtained for t h e   t e s t s  
would not prove sat isfactory i n  a l l  respects, inasmuch as the time avail-  
able and the  developmental costs of the  small quantity  required  prohibited 
exhaustive  exploration of a l l  sources The greatest  problem encountered 
in the  use of the  tapes yas the high degree of adhesiveness, which ren- 
dered remmal from the  plates  very difficult. It also was d i f f i c u l t   t o  
apply  the  tape  correctly md t o  dispose of used or severed  excess  portions. 
A great  reduction in the  adhesiveness, or spots, o r  a s ingle   nmow  s t r ipe  
of the  same adhesive wou ld  be necessary t o  &e the  tape  operationally 
usable 

A sfmflar problem was f m d   i n  the  diff icul ty  of tear ing  or  
catt ing  the  tape a t  specific  points.  Several methods were used in an at- 

various t y p s  of cu t te rs  t o  be worn  on a finger, but none proved satis- 
tempt t o  cope with this situation,  including hand-held dispensers and 

factory,  An associated problem was that of indicating a change of direc- 
t fon i n  a route of flfght. Cutting, or tearing, and rejoining  the  tape 
at the  point where the change of direction  to&  place, was found t o  be 
the most sat isfactory method from the  standpoint of iegfbi l i ty ,   but  it 
also was the  mst difficult t o  accomplish. A change of d9rection  could 
be  indicated much more eas i ly  by bendlng the  tape,  but this method 
resulted in folds,  overlappfng, and much reduced l e g i b i l i t y  of t ha t  
partion of the  tape. 
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In some cases, an obJectfaaable am om^ of c h t t e r  was generated 
by the  intaersectmn of several   tapes over  tRe same pQint, but an i l l eg tb l e  

ex%ent  by a reduction i n  the  boldness of the  prfnt ,   par t icular ly  If the  
s i tuat ion newer was created. This probably c d d  be al leviated t o  some 

display would not  be mixed wi th  scan-converted radar. The l l n e   n d t h s  
chosen  were selected so as t 3  ensure v i s i b i l i t y  on the  SPANRAD 

Wastage  of the  preprinted  tapes amriunted t o  approximately 30 
per  cent, which was occasioned by the  necessity of beginning  each flight 
posting a t  the   ca r r ec t   dnu te .  The excess  tape  preceding thfs minute had 
t o  be bfsearded, as no practicable method was found for conserving it for  
later use 

prfnted i n  25-hot   intervals ,   s ix   tapes  vrould be  required to   represent  

wodd  range from approacmately 4 t o  6 per  cent. ID order t o  have tapes 
speeds c ~ o n l y  i n  use at  this time, and the  possible  error fn ground speed 

available In  10-hot intervals ,   v i th   errors  from approximately 1 l f 2  t o  
2 1/2 per cent> 16 tapes would be  required,  wkch would compllcate t o  some 
exzent  the  use of the  tapes .  Because cellulose  tape and adhesives  are mb- 
Qect. to   de te r iora t ion  Vpth age and at temperature  extremes, it is probable 
that some d i f f icu l ty  could be  expected in   s tor ing  and using  the  type of 
t ape   u t i l i zed   i n   t he   t e s t s .  

If the  tapes  for gi-ousd speeds of k K l  knots and above were 

of dispensers  into which r o l l s  of transparent  tape could be  inserted,  the 
A possible  solution  to  the  tape problems might be the development 

desfred ground speed md time  adjusted, which then would print   the  t ime and 
speed, and apply  adhesive t o  the  proper  length of tape  as needed. 

ANALYSIS OF TEST DATA 

Inasmuch as the  a l terat ion of the t r a f f i c  samples negated a 
d i rec t  comparison of the  two type5 of dfsplays, a complete analysis of the  
meamrenests and observations i s  not included i n  th i s   r epor t .  When a l l  

were increased by one-third t o  compensate for the reduced t r a f f i c  sample, 
comnomica$iors measurements recorded during the  pictor ia l   &splay runs 

a very  close  eorrelatfosn was found  between the number and duration of a l l  
air/ground/air measurements of the  tabular dlspiay  tes ts  and of all in ter -  
phone measurements with  the  exception of controllerfcontroller  coordination 
contacts. As had been  expected,  since  the  controlled  airspace was  encom- 
passed  by a single  sector 1n the  ease of t he   p i c to r i a l  displw, a marked 
reduction i n  coordination  contacts and time vas indicated. This reduction 

vas required, t o  more than 50 per  cent in  Modes 2 and 3 which required 
ranged from 100 per  cent in Mode 1, When no p i c t o r i a l  display coordmation 

coordination n t h  the  SPANRAD controller.  

No attempt was made to  correlate  the  reporks of the  observers, 
since  increasing o r  decreasing  the amout of t r a f f i c   i n  a sample would have 
had an unpredictable  effect on the  number  of potent ia l   confl ic t ions and 
therefore, an the  number of unresolved  conflictions. A raw tabulatfon of 
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the  observers’ reports indicated that a total. of two conflictions were 
r o t  decected 91- -resolved in t h e   p i c k ~ r i a l   d i s p l a y  m s ,  and a total of f ive  
canf1fctfm.s were noz detected QP resolved i n  the tabular display m a .  

COIWLUSIQNS 

The basic  prfnc9p2es of the 3-D p ic to r i a l  AW display malee 
feasible   the control of aEp airspace  by means of a pictorial-type display. 
The incorporation of these  prfnclpies in the  two experimental  displays 
demonstrated the i r   appl icabi l i ty  t o  the  control  of high-speed, high- 
a l t i t ude   a i r c ra f t -  &thou& operating  l imitations  vere  present  in v w n g  
depees  i n  both d ~ s p k y s ,  they were? for the  most part,  inherent i n  the  

designed disppaq~ would provide, 
equipment design rather  than theory. It may be  concluded that a sui tably 

I, Bapid posting of fliat data. 

2. F i l t e r ing  of posted flights in  order t o  deternclne a l t i t udes  or 
routes which are as nearly  conflfctiorj-free as possible. 

at  any time or any posit ion of ap1 eSrcreFt posted on the  display.  
3 .  h n e h a t e   a v a i l a b i l i t y  of informatien  concerning the relationships 

par t icu lar ly  vith SPAFWAD or  pro$ected-type r e -  
4, Ease of correlation of the  posted flight data vPth a radar  display, 

5. PoesibfLftfes of reducing  fnterfaeil i ty and i n t r a f a c i l i t y  
CQOrd i Ina t iOap .  

procedwes employed in the  prototype model  would be  htproved by the  addi- 
tioa of a th i rd  bay, the tests indicated %he most satisfactory  procedure 

posting all afreraft assfmed  the   sme  a l t i tude  on the  same plate .  Other 
t o  be the  poszfng of each a r c r a f t  on an individual  plate,   rather  than 

configupation and appEfcaticm. 
specific  operatfag  procedures would be  largely dependent upon equipment 

Even though it may be presumed tha t  a display based on the 

W e e  maJor problems were encountered ln the  use of the  vector 
tapes. The adhesive  quality of the  tapes  obtamed for t h e   t e s t s  was too 
great Lo permit  easy  application and removal; it was d i f f i cu l t  t o  t e a r  or 
eut the  tapes at  desfred  points, and no sat isfactory method was found fo r  

of dfrection in routes of flight. It is possible that further   invest i -  
separating md rejofning, o r  f o r  w i n g ,  the  tapes to indfeate changes 

al leviate   these problems. 
gatmn of tape  materials,  adhesives, and methods of applfeatlon will 

Two other  factors also should be noted, The Cost of 25 cents 
Inches of the p i k t  run of tape could be  reduced  consfderably by 

quantity productlono A fur ther  monetary savir,g dght be anticipated 
tBr0ug.h the development of an economfcal means f o r  reducfng  the  present 
30-per-eent tape wastage; however, should t h i s  not be  possible, it is 



expected tha t  +,he beneflts  t o  be  derived frm this dfsplay might 
ensate f m  t a i s  wastage. In addition, a reduction o f  t he   c lu t t e r  
aced by several   intersecting  tapes w o u l d  be  desirable i f  it can be 

acXeved wfthom unacceptable loss of tape   l eg ib i l i ty  

fmprwement also would be  desirable in the transparent  quality 
of the  plates  wben the  display is operated a t  full, ar nearly full, 
capaelty. 

Although the mode of operation utilizing projected radar must be 

t r o ~ l c   d i f f i c u l t i e s  meentloned p~evfously,  it appeared that correlation be- 
eonsldered  experimeatal  because of the  l imitat ions Fmposed by the  elec- 

tween %he radar and p i c to r id   d i sp l ays  would be par t icular ly   rapid and easy 
in thls mode, Further  evduatmn should be carried  out vith more suftable 
proJeetfoa equipment. 

- 
a setisfactory arrabgemerrt of operating  posftfons and dut ies .  A portion 
of the  Pmetlons performed by the assistaut during  the  tests  has been  given 
to the dispby sontrolier,  and a second controller  posit ion has been added 
tffi provide  for  periods of continuous high-density operation. 

The artist 's concept of a dfsplay,  Fig. ll, depicts what may be 

u te rs  fa r  the  automatic foruardmg of flight data and production of 
The arrangement portrayed is based upon the  use of electronic 

flight progress  str ips.  However, the  forwardmg of flight data  by meem 
of interphone and the manual production of fUght progress   s t r ips  also 
C Q a t h i  be  utibixed by adding another  operating  position  adgacent t o  t he  
display  controller a d  flight posting  positions. In t h e   l a t t e r  configu- 
ration,  the new posftfon would receive by interphone  data on flights in- 
b m d  t o  the  sector where the  flight progress strips would be  prepared 
mamuaPly. The functions at the  other  posftlons would remain essent ia l ly  
the same, except that the  display controller would forward  data on flfrghts 
mtbouud from t h e  sec to r   t o   t he  adgacent con t ro l   f ac i l i t i e s  by means of 
Interphone 

In  the  operation of the display, the  ass is tant   control ler  would 
p05t the flfghts from data available t o  him on flight progress  strfps or 
on a computer read-out. The display control ler  would f l l t e r  newly posted 
fli&zs to   s e l ec t   t he  optfrmrm a l t i tudes  or mutes, maintam the  cuprent 

computer by meens sf an input device. m e  radar controller w d d  make all 
status of the  flight progress s t r fps  or computer read-out, and update the  

aLrfgrmd contacts, and effect radar separation as required, either by use 
of his ow1 projected radar dfsplay or by a handoff t o  a SPAFIRAD unit by 
m m s  of the  upper  bay. 

incorporated i n  the  displays  are similar t o  cer ta  proposed features of 
electronicam  generated  plctor id- type displays.' a s  is p a r t i c u l a r u  

IL appeared from t h e   t e s t s   t h a t  some of the  pr inciples  

b r e d  S. Mdbight,  "Operational  Requirements for AT@ Displeys," 
C M  Technical Development Report No. 308, September 1957- 
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applicable in the  presenta%ioa of a f r c ~ a f t  as  vectors and in the  selective 

the use of computers as envisaged in the preceding  paragraphs. 
OP ative display of altitudes* B e  similarity would be  increased by 

REeMQXDATT~S 

technical desigm  and human engineering  factors  required in a  display  for 
in-serrPee  evaluation, and of the  possibility of developing suitable 
vector  tape  dispenser equipment.. In t h i s  connection, a thorough investi- 

made- A fiarther  investigation should be made  of  means  of reducing the 
@%ion of t8pe  materials,  adhesives, and methods of application should be 

use of other  transparent  material. A dfsplay should be desimed and 
atatic  electrical  charge  aewnrulated by the  plates, and of the  possible 

fabpfcated,  incorporating  the  results of these  studies and investigations, 
and subjected t o  a thoPough simulated or  fn-service  evaluation, as 
appropriate. 

1% is recommended that a  coqrehensive  study be made  of the 

It also is recommended that the  principles  described in this 
report be investigated  for  possible use in the sfmulation of those 
features of electronically generated  displays t o  which they may be found 
applicable 



FIG. 1 PROTOTYPE THREE-DIMENSIONAL PICTORLAL DISPLAY 



FIG. 2 VECTOR TAPES 



FIG. 3 FLIGHT PROGRESS  BOARD  DISPLAY 



FIG. 4 AUXILIARY EQUIPMENT 



FIG. 5 AUXILIARY  EQUIPMENT - ASSISTANT  CONTROLLER'S  POSITION 



FIG. b HIGH-ALTITUDE PLOTTING MAP FOR CONTROL AREA 



FIG.  7 CONTROL  AREA SECTORS - GEOGRAPHICAL 



FIG. 8 CONFLICTION HANDOFF TO RADAR CONTROLLER 



FIG. 9 INTEGRATED  PROJECTED RADAR AND  THREE-DIMENSIONAL  DISPLAY 



FIG. 10 MODIFIED  THREE-DIMENSIONAL  PICTORIAL  DISPLAY 



FIG. 11 ARTIST'S  CONCEPT OF OPERATIONAL  THREE-DIMENSIONAL  DISPLAY 
WITH INTEGRATED RADAR 


