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TI-440 PICTURE TFUNSFORMER 
EVALUATION OF THE 

AND NOTES ON TELJWISION-TYPE 
AIR TRAFFIC CORTROL DISPLAYS 

SUMMARY 

The  Type TI-440 picture  !l’ransformer e uipment  manufactured  by 
Compagnie  Generale De T.S F in  France i s  a rho 7 theta-to-rectillnear  scan- 
conversion  equipment  using a Type !TIM 40% storage  tube  It is desi-ed  to 

and sync slgml suitable  for  providing a display  on  television  types  of  mon- 
convert  radar  plan  position  information  into a composite  television  vldeo 

itors.  Tests  indicate  that  the  storage  tube  resolution,  halftone  Writing, 
and  storage  characteristics  permit  this  display  to  compare  very-  favorably 
wlth  that  of a plan position  indicator  using a cathode-ray  tube  with a P-7 
phosphor.  The  great  advantage  of  the  scan-conversion  displays  over  conven- 
tional  radar  presentations is greater  brightness  Greater  brightness is 
achieved  because  the  information  read fmm the  storage  tube  can  be  displayed 
on  low-persistence,  bright-phosphor,  cathode-ray  tubes,  and  because  the 
information is displayed  at high rates. 

The  results  of  tests  conducted  during  the  evaluation  reported 
herein  indicate  that  scan-conversion  equipment  having similar performance 

to  provlde  improved  dlsplays  Although  the  deslep of the TI-4.40 eqmpment 
characteristics  should  be  procured  for  use  at  air  traffic  control  facilities 

does  not  meet  some of the FAA equipment  and  display  requipements, hmited 

mediate  unprovements  in  displays  Implementation of scan-conversion  systems 
quantities of this  equipment  can  be  used  at  critical  locations  to  obtain  im- 

at  other  locations  can  be  made  as  soon as systems  meeting  all  the FAA 
requirements  are  procured 

INTRODUCTION 

The  development of better  radar  displays  for  air  traffic  control 
has  been a continuing  project  at  the FAA Technical  Development  Center (TDC) 
In the  fall of 1956, a survey was conducted  to  determine  the  state  of  the  art 
in  the  radar  display  field.  Several  new  possibilities  were  uncovered  as a 

promise with  regard  to quality of presentation and  possibility of early em- 
result of  this  SUN^ A display system  which appeared  to  offer the  most 

ployment was a scan-conversion  equipment  This  equipment,  referred  to  as 
Picture  !h%nsfonaer,  Model TI-M, was built  by  Compagnie  Generale De T S F., 
79 Boulevard  Eaussman,  Paris 8, France  The  French c-y is represented 

Mineola, N Y. 
in  the  United  States  by  Intercontinental  Electronics Corp. (INTEC), 

The TI-440 unit  used In the  evaluation v a s  brought  to  the  United 
States  by IRPEC and demonstrated  to  engineers  at  this  Center  in  February 

by  thls  equipment  had  several  very  desirable  characteristics  Accordmgly, 
1957 During  the  demonstrations,  it was evldent  that  the  display  provided 

the  equipment was purchased  from IIQTFC f o r  further  evaluation 
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PURPOSE OF EmPMWT 

and azimuth information from a radar, and by use of a two-gun electronic 
readout  storage  tube and associated  circuitry,  converts it t o  a television- 

used to  drive  television-type  monitors  to  provide a  radar  display  for use i n  
type composite video and sync signal. The conrposite output  signal may be 

air traffic  control.  One advantage of such  a display is i t s  high brightness, 
fo r  it can be  viewed under much higher ambient light levels t a conven- 
tional plan  position  indicator  (PPI). Scan-conversion syst-yevaluated 
previously had less  resolution, e poorer  signal-to-noise  characteristic, 
loss of gray scale, and i n  sane cases,  lack of adequate  storage  or  per- 
sistence, when compared directly v l t h  a PPI using  a  cathode-ray  tube (CBT) 
vfth a P-7 phosphor. These restr ic t ions appear t o  have  been  overcome in 
the  TI-440 equipment. 

The TI-440 Picture Transformer equiprent  accepts  video, tr igger,  

DESCRIPTION OF E Q U I F "  

General 

mounted i n  one cabinet  approximately 5 f ee t  high, 3 fee t  wide, and 2 f ee t  

The principal  chassis are mounted ver t ica l ly  on a swing-out frame which is 
deep A panel door on the  left-hand  side  contains  the  operating  controls. 

available behind an access door The awing-out frame facilitates the main- 
tenance of these  chassis The low-voltage supplies  are mounted a t   the  
bottom of the  cabinet and the filament transformers  are mounted on the 
back panel 

All of the components of the TI-'& equipment, Fig. 1, are 

,. 
The equipment was designed t o  operate from a  220-volt, 50-cp8, 

single-phase, primary power  mnmce but  operates  satisfactorily with 60-cps 
power It operates  with  radar  inputs a s  follows. video,  approximately 2 

peak-to-peak, positive  polarity  at  pulse  repetition  frequencies  (prf) from 
volts peak-to-peak, positive  polarity;  trigger, minimum amplitude 10 Volt6 

approximately 208 t o  1,500 cps,  synchro information, 1-speed and 10-speed 
(36-speed gearing 1 s  available). 

The folloving controls  are provided on the  control  panel: 

1. Meter  and switch t o  provide  metering of a l l  low-voltage power 

potential, and target potential. 
supplies, input  line voltage,  collector  potential,  antishading  ring 

2. Input radar video switch (selects   e i ther   or  both  radar  video 
input 6 .  

l W i U a m  E. Miller, Marvin H Yost, and David S. Crippen, 
"Evaluation of t h e   M o n t  SRD-1 B r i g h t  R a d a r  Display and I n i t i a l  Study of 
Other Ihsplay Techniques,'' Technical Development Report No 288, October 
1958 
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3. Radar range svltch 

4. Range mark switch 

5. Writing-beam Intensity. 

6. Angle mark gain. 

7. Centering for writing  side of storage  tube- 

8. Sync generator AFC control and fast-erase  svltch 

9 Storage  control  svitch  (has been replaced by potentiometer in 
l a t e r  models). 

10. Reading gun focus control 

11 Reading gun beam intensity 

I 2  Hour meter. 

13. Fuses and main power ON-OFF svltch. 

Writing Circuits. 

t r igger   aapl l f ier ,  range-mark generator,  servo  amplifier, angle-mark 
generator, sweep generator,  unblaking  circuits, and protection  circuits. 

The writing  circuits  consist of a  radar  video  mixer-amplifier, 

The radar video mixer-amplifier accepts two video  inputs and range 
marks  and amplifies them for appllcation to   the  wri t ing gun cathode. 

The range-mark generator  provides 5- and 25-nautical-dle (m) 
markers v i t h  independent gain controls so that 25-mu marks may be wr i t ten   a t  
a  higher  intensity  than  the 5-nm marks The output of the marker generator 
is connected to  the  radar  video  amplifier where it is mixed vith  the  radar 
video 

sweep-deflection co i l  mounted around the  writing end of the  storage  tube. 
The  sweep generator  generates  the meep currents  for  the  rotating 

correction  to  the two-phase m t o r  that rotates  the  deflection yoke thr- 
a gear t ra in .  A microsvitch  that is actuated o?ce during each rotation of 
the 10-speed selsyn  provides  a  triggering  potential from which the  angle 
marks are  derived. The angle mark trigger  pulse a l s o  is used t o  depive a 
bias for  the  protection  circuit  vhich  cuts off the   vr i t ing beam during 
fa i lure  of either  rotation OP sweep voltage 

The servo amplifier  accepts  the  selsyn  voltages  to  provide 

Unblanking signals derived from the radar trigger  amplifier  are 
mixed v i th   the  angle mark video and impressed on the  writing gau grid. 
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Normally, the  higher speed selsyn i n  this equipment i s  a 36:l unit, and it 
was vlth  the  higher speed system that   the  angle-mark generator was designed 
t o  work, thus  providing 10' marks. With the 10-6peed uni t ,  the angle marks 
are  too broad and occur  every 36". Therefore,  they were not  used during 
the  evaluation. 

Storage Tube. 

40% See Fig 2. This tube is somewha t  similar i n  principle of operation 
to   the  RCA Graphechon.2 Its major sections  are  a  writing gun, a  reading 

are  diametrically  opposite each other  with  the  target between them The 
gun, and a  storage  surface,  or  target assembly See Fig  3. The two guns 

writing beem i s  deflected  magaetically and focused electrostat ical ly  I ts  

the  target normally is operated a t  near ground potential,  this  provides a 
cathode is operated a t  approximately 8,000 volts  negative  potential  Since 

writing-gun accelerating  potential of about 8 kilovolts (kv). The reading- 
gun beam i s  deflected and focused electrostat ical ly  and its cathode is 
b e r a t e d   a t  1,200 volts   negat ive  potent ia  

The heart of the  TI-4.40 equipment is the  storage  tube, Type 'IWL 

The target  is a  very th in  metallic  backplate which faces  the 
writing gun. The surface  tovard  the  reading gun is an insulating  material 

volts  posit ive,   but  in  later models of the TI-440, the  backplate is operated 
deposited on the  backplate. The metal  backplate  potential normally is  4 0  

a t  ground potential  

a r ing which, when slightly  posit ive wlth respect  to  the  target,  helps  pre- 
vents shading. I n  addition  to  the  antishading element, there also is a 

face when it i s  bombarded by the  reading beam. When used in   t he  TI-440 
collector which receives secondary electrons from the  target insulator sur- 

the  reading beam i s  deflected i n  a  recti l inear TV scan  operating a t  625 
equipment, the  writing beam is deflected v i t h  a rotating PPI-type yoke and 

l ines  per frame a t  30 frames per second. 

Also on the  reading  side of the  target and insulated from it i s  

I n  the absence of a  writing signal, the  reading beam, i n  scanning 
the  insulator d a c e ,  operates in a mode which i s  above the f irst  crossover 
point of the  dielectric  material  which capoees  the  insulator  surface That 
is, more secondary electrons  are  leaving  the  surface  to m e  t o  the  col- 
lector  than  are  arriving in the  primary beam As the  reeding beam con- 
tinues t o  scan the  insulator, i ts surface  potential  tends t o  move toward 
that  of the  col lector   unt i l   a   s ta te  of equilibrium exists. The secondary 
emission r a t i o  approacheswdty. when writing  signals  are  applied,  the  thin 
metallic  backplate, which is transparent  to  high-velocity  electrons,  per- 
mits the writing-beem electrons  to  reach  the  insulator and render it con- 
ductive  during the time the beam is fa l l ing  on it. As the  writing beem 
moves on, the  insulator  regains its insulating  properties,  but i t s  surface 
has assumed some portion of the  backplate  potential  proportional  to  the 
writing-beam current. The surface charge result ing fromthe writing-beam 
bombardment i s  r e f l ec t ed   i n   t he   eeconm emission current on the  reeding 
side of the  tube. The equilibrium i s  upset at   the  point of charge until 

2 
Miller, Yost, and C r i p p e n ,  op. c i t  
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potential .  The storage  characteristlc i s  dependent upon writing-beam cur- 
the  reading beam has scanned sufficiently t o  bring it t o  a more positive 

rent, reading-beam current, and the  difference of potential  between the 
collector and t h e  target  backplate 

The video  output  signal is a function of the secondary electron 

and the  target and  ground Since the signals are of opposite  polarity a t  
currents which appear across  load resis tors  between the  collector and ground, 

these two points, one i s  applied t o   t h e  gr id  and the other i s  applied  to  the 
eathode of an early  preamplifier  stage  in  order  to have them add i n  the  plate  
c i rcui t .  This  technique  eliminates writing-beam crosstalk signals from the 
TV video  signal  since  the  crosstalk  appears in phase a t  the two signal 
removal points. 

The useful tube l i f e  has been found t o  be between 700 and 1,500 
hours. So far,  a l l  tubes have had t o  be  replaced  because of an  apparent l o s s  

be- current, which causes a poor  reading-side  signal-to-noise  characteristic 
of reading-gun cathode  emission.  This resul ts  i n  an  extremely low reading- 

and excessively  long  storage 

Reading Circuit. 
The reading  side of the TI-440  equipment starts with the  television 

sync generator which operates at either a 525- or  625-line  standard.  Experi- 
ence with  large  display  monitors  indicates that the  625-line  standard i s  the 
most satisfactory It has no t  been determined whether a greater number of 
lines  per frame will provide a better  quali ty  picture.  The sync generator 
provides  the syplchronizing pulses  for  reading sweep circuits,  blanking  cir- 
cuits,  video clamping circuits,  and the composite sync waveform for  use in 
synchronizing  the monitor deflection  circuits The composite sync waveform 
i s  of the French standard, which i s  somewhat different  than  the U. 6. RElT4.A 

vide, while in   the  U. S standard  the wldth i s  approximately 190 microseconds 
standard. In  the French system, the  ver t ical  sync pulse i s  20 microseconds 

The French standard does not  require  the  use of equalizing pulsee or serra- 
t ions because of the narrow width of the  ver t ical  sync pulse.  Since  standard 

pulses, some modification i s  required  for  proper  synchronization and ver t ica l  
U S monitors are deslgned t o  operate w i t h  the much wider ver t ica l  sync 

not  lock i n  readily with R&"A sync generators. 
interlace when the French sync waveform i s  used The French sync system does 

waveform  which i s  applied to   the  control  gr id  of t he  reeding gun. Borizontal 
pulses  are used t o  drive  video clamping circui ts .  The equipment was modified 

pulses  are used to  derive  the  deflection  voltages  for  the  reading-side 
s l i gh t ly   t o  provide a mixed blanking  output. H O r i Z m t a l  and ver t ica l  sync 

electrostatic  deflection  plates 

Pulses from the sync generator  are  used t o  develop a blanking 

storage  tube  are mixed in a video  preamplifier. From the  preamplifier, the 
signal i s  connected t o  a mde-baud video  amplifier where blanking and mixed 
sync signals are added. Two video  outputs from this  amplifier  consist of 
co!nposite sync and video  signals. 

The video  signals from the  collector and target elements of the 
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TECHtQICAL EVALUATION 

The technical evaluation  of the TI-440 equipment was concerned 
primarily Kith determlnation  of  storage tube characteristics.  Tests  of 

The  ability  of  the TEdA 403 tube to read si-ls in noise was compared  with 
storage,  resolution, and halftone miting characteristics  were conducted. 

beam deflection  systems was checked. 
that of a P-7 phosphor-type  tube. The linearity  of  reading- and  writing- 

Storage. 

TlQ 40s tube in the TI-440 equipment is dependent upon vriting-beam cur- 
As was pointed out  previously,  the  storage  characteristic  of the 

rent,  reading-beam  current,  and  difference of potential  between the target 
and the collector. Of these three parameters,  reading-beam  current  and 
collector potential have the peatest effect on storage. It has been  noted 
also that  different tubes have  somewhat  different  storage  characteristics, 
apparently  due to differences in the  composition of the target die3rrtrfc. 
The manufacturer has stated  that the differences  were  intentional  and  that 
different  dielectrics  can be used to provide  almost any kind of storage 
characteristic  that may be desired 

panel permits  selection of three  steps  of  storage. This switch  selects 
The  operator-adjustable  storage control svitch on the control 

different  values for the collector  potential. A screwdriver  adjustment 
of a  potentiometer may be varied to change  the  range  of  storage  aqlustmcnt 
by the three-position  switch  Storage times from  a few seconds to several 
minutes nay be attained. 

traffic  control, e particular  decay  characteristic is desired. It is nec- 
For applications in radar and radar beacon  presentations  for air 

essary  that the brightness  of the target on the presentation  decay suffi- 
ciently  within  one  antenna  rotation  period so that any new returns in the 
s e  area vill not be obliterated by information  stored  previously  The 

fyfng codes  such as the double  pulse or the "bloomer" blips may be 
same  decay  characteristic is desirable  for  a  beacon  display so that  identi- 

distinguished. 

It was  possible to set the  storage  controls on the TI-440 so that 
such  a  characteristic was attained. Figure 4 depicts  this  characteristic. 
The -e was plotted from information  obtained  when  beacon  returns were 
being written  vith maximum readout  amplitude, or brightness, on the  monitor 
A Tektronix  Type 524 oscilloscope,  having  television  raster-line  selector 
capability, was used for measuring  the  amplitude  of the reading-side output 
signal. The amplitude was recorded  every  antenna  rotation  period  of 4 
seconds. 

The same  test was performed for antenna  rotation  periods of from 

new value for each new  antenna  rotation  period In making these tests,  it 
2 to 10 seconds.  It was necessary to adjust the reading-beam  current to a 

became  apparent  that the setting of reading-beam  current  influenced  the 
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r a t e  of decay for   the  first period,  the  interval  during which maximum signal 
readout was obtained k i n g  mbsequent  periods, the decay v a s  affected 
most  by the  sett ings of collector  potential .  Higher reading-beam currents 
produced quicker i n i t i a l  decay, while higher  collector  potentials produced 
longer decay times. 

targets  had re la t ive ly   shor t   t ra i l s ,  it was noted that trail information 
which had not been showing  would appear if the  collector  potential  was in- 
creased.  This  characteristlc might be  useful  in a si tuation where it w o u l d  
not  be  practical  to  operate  with long storage because of  heavy air t r a f f i c  
However, i f  necessary,  the  controller could, by increasing  the  collector 
potential  momentarily (pushing a button),  bring up the  o l d   t r a i l  information 

be  reduced t o  return the  display  to normal 
t o  check past history on some a i r c ra f t  The collector  potential  then  could 

After  operating  with a low collector  potential  so that moving 

In  another test of maximum and minimum storage,  pulses from a 
Hewlett-Packard Model 2l2A pulse generator were synchronized with the  radar 
t r igger  and connected t o  a video  input. The amplitude vas adjusted  to  pro- 
duce full readout  amplitude o r  maxim brightness. When the  signals w e r e  
mit ten  during one antenna rotation  perlod under conditions for minimum 

maxim storage  conditions, the  t race was vis ib le   for  x) minutes. 
storage, the  trace was not v l s ib le   a f te r  approximately 1 second Under 

storage time were determined for  various reading-beam current  values. !The 
resul ts   are  shown in the  curves of Fig. 5 Reading-beam current vas mea- 

Signal-to-noise measurements  were checked with an oscilloscope connected t o  
sued  by means of a mic romete r   i n   t he  cathode c i r cu i t  of the  reading gun. 
the TV video  output tes t   po in t  All tube  parameters  except the reading- 
beam current were held  constant  during  these  tests. From the curves, it is 
possible   to  determine reading-beam currents such that  the  readout simals 
will decay t o  50 per  cent  amplitude  during  various  antenna  rotation  periods 

Tests  to  obtain  information on the  relationship of writing  signal 

Signal-to-noise r a t io  of the  reading-side output si-1 and 

amplitude t o  storage time were made.  The curves i n  Fig. 6 show the results. 

Resolution. 

AH/SPA-eA indicator  that  was setting  alongside  the TI-440 equipment. Range- 
r ing video, a t  1-mile  range intervals,  was connected t o   t h e  radar video 
output of the  TI-440. The  sweep range of the TI-440 was sdjusted  unti l  sep- 
aration between rings was barely  discernible in a horizontal strip through 
the  center of the TV display The Tv display was a French-made, studio- 
type  monitor  using a lh-inch  rectangular Rinescope and having a video band- 
width of 8 Mc The TV llne  standard  during this test m a  525 l ines   in te r -  
laced 2 1 for  a s - c p s  frame ra te  The azimuth rotation rate vas 26 rpm. 
Under these  conditions, the average result of the  observations of three 
obsemers was that the TI-440 equipment and the  display  device as a system 
were capable of resolving 600 l ines  horizontally  Vertical   resolution in 

The resolut ion  tes t  was performed using  range-ring  video from an 
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wedges about 9" in width fram the  center up, and from the  center dovn, was 
approximately 4% l ines .  

Halftone  Writing  Characteristics. 

determined  by using  the  output of  two pulse  generators and the 5- and 25- 
mile  range markers. The range  markers  have  independently variable  gain 
controls, hence, t he i r  amplitudes may be s e t  a t  different levels. The out- 
put of the pulse generators which  were synchronized t o  the system, operating 
a t  the  prf  of 1,200 cps, were connected t o  the two video  inputs. The ampli- 
tudes of all four  writing  pulses were aqlusted  unti l   there w e r e  four differ-  
ent  written  levels of brightness of the viewed display. !The width of a l l  
pu lses   a t   the  70 per  cent  amplitude  point was approximately 0.5 microsecond. 

background See Fig. 7. The pulse  amplitudes measured at  the  output  to 
It was possible  to  discern  four  dist inct   steps of brightness plus the dark 

the  storage  tube  writing-gun  cathode were 10, 7, 5, and 3.5 volts .  

Signal-to-Boise  Characteristics. 

the TI-440 equipment  were  compared with those of an AN/SPA-aA indicator 
using a P-7 phosphor cathode-ray  tube. The output of a pulse  generator syn- 
chronized with the system tr igger  was mixed with  the  output of  a gas tube- 
type  noise  generator.  Oscilloscopic ObSeNatiOnS  were made of the  average 
peak noise and peak signals men  the average  peak-signal t o  average peak- 
noise   ra t io  was 1 3.1, the  display from the TI-440 was satisfactory. The 
signal could be seen during  the first rotation of the sweep. However, vhen 
the   ra t io  was reduced t o  11, two sweep rotations,   or antenna  scans, were 
required  before  the signalvas integrated  into  useful  visibil i ty.  On the 

visible  during  the first sweep rotation However, subsequent  scans  did  not 
SPA-8A display, at th i s  signal-to-noise  ratio of L : l ,  the signal was fa in t ly  

&e it any more vis ible .  Due t o  the integrating  properties of the  IMA 

bet te r  than that of the  SPA-8A display. 
403, the  display of the signal after the  third scan vas quite good and 

Sweep Unearity.  

was superimposed on the !TV video  output of the TI-440 and displayed on a 
high-quality  @tor. Inasmuch as the  grating bar video was used, the  l ine- 

TI-440 wae adjusted t o  superimpose 5-mile range rings and grating  generator 
a r i t y  of the mni tor  was not  considered. The writing sweep range of the 

bars.  Linearity  adjustments of both  readlng and writing sweeps  were checked 
and optimum sett ings were made in an attempt t o  make the  range  rings  tangent 
t o  their  respective  bars.  Figure 8 shows the  display  af ter  optimum set t ings 

Maximum error  appears on the right-hmd side in the horizontal  direction. 
were made. Areas of nonlinearity  are quite obvious frm the  picture 

This error  is approximately 1 8 per  cent of the  picture  height.  Since  the 
grating bar interval  amouats t o  4.55 per  cent of the  picture height, errors  

of 4.55 per  cent.  Considering a centered r a d a r  display,  the  error of 1.8 
in   other  areas of  the  display may be  determined by estimating their fraction 

per  cent of the  picture  height  could result i n  a martiwlm range error of 
3.6 per  cent. 

The halftone  uriting  characteristics of the TI-440 were 

Signal-to-nolse  characteristics  of  the !EM 403 storage  tube i n  

To check the sweep linearity,  video from a grating bar generator 
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DIGPLAYS FOR USE WITH ~ M - C O W E i T H )  PICTURE 

of video and sync, it may be displayed to  the  controller in a number of 
uays. Some of these methods have been t r i e d  or are  i n  the  process of 
evaluation a t  TDC. They are  described in the  following  sectione. 

VG Display. 

appropriate t o  describe  the VG display,  Pig. 9, used a t  Air Route Traffio 
Control (ARTC) Centers employing radar, with which t h e  TV displays were 

binch  dark-trace  tube and a Schmidt optical  projection system and associ- 
compared. This equipment is  a World W a r  I1 development  which includes a 

are  written on the  face of the  tube The storage  period can  be controlled 
ated  circuitzy. The dark-trace  tube, Type 4Ap10, stores radar signals wbich 

t o  some extent. A projection lamp and the  optics cause the  dark  traces oq 
the  face of the 4AP10 tube t o  be focused on the  underside of a 2binch- 
diameter,  ground-glass  screen The display,  while  the  best  available for 
radar  plotting  purposes in the  past, has poor resolut ion,   insuff ic iqt  

enough for present day ARE Center  functions. !These deficiencies  notvlth- 
control of storage,  short  tube (4AP10) l i f e ,  and it is not large or  bright 

light conditions and has the advantage that  l imited amounts of data can be 
standing,  the VG display does permit An: operation under marginal ambient 

associated  vlth  the  radar  target  data. This i s  aceomplished by placing 

positioning them so that they  are  associated  vlththeir  respective radar 
small transparent  chips on the  top  surface of the ground-glass  screen and by 

target.  On these  chips,  controllers  write  the flight identity,  and 
smetimes  a i rcraf t   a l t i tude,   v i th  a  grease  pencil. 

Thirty-Inch DuMont Mrect-Viev  Displsy. 

Laboratories,  Inc.,  origmally was a p a r t  of the CAA bright  display equip- 
m e n t ,  Type m-1.3  It incorporates a  30-inch,  round television  tube mounted 
with  the  face up i n  a large  metal  table The unit has self-contained power 
supplies,  deflection  circuitq, and video  amplification. Of the  direct-view 
TV displays, this was the   largest .   mere are two important  operational  objec- 

outer periphery of the CRT, betveen the   f l a t  plotting  surface and the dis-  
tions t o  it: (1) a large amount of paral lax exists,   particularly a t   t he  

pl8y phosphor of the tube; and (2)  hand capacity  distorts  the  display se- 
verely each  time the  operators move a w k e r  chip. This la t ter   object ion 
undoubtedly can be overcome by better  design.  Figure 10 shows this display 
being  used  during  a  simulation t e s t  

Twenty-Two-Inch, Direct-View, Flat-Face  Display. 

fo r  demonstration and evaluation  purposes. It does not have the  parallax 
and $and-capacity effects  found in the +inch display. A =-inch, 

After  the  radar  information has been  scan-converted t o  a TV forq 

Before describing  the TV displays under evaluation, it i s  

!Phis unit, desigued and manufactured by the  Allen B. DuHont 

This unit, s h m  in Fig. 11, was d e s i m d  and constructed at 'PDC 

hller, Yost, and Crippen, op. c i t .  
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wooden cabfnet  anc is drlven by a standard CONRACI 27-inch TV chassis, 
flat-face  tube,  mmfactured by the Raulmd Cc'pp , fs mounted face up i n  a 

'Type Can-A. 

as compared t o   t h a t  of the 33-inch asp lay ,  and the smaller physical  size 
of the  cabinet, as compared to   t he  VG, although  the  size of the  plott ing 
sllrface i s  almost equivalent t o   t h a t  of the VG plotting  display. The unit 
weights  only 200 pounds as compared with 1,OQO pounds for   the VG. A 
properly  desigaed  unit would have contrast,  resolution, and brightnees 
equivalent to   o ther  TV dispPays, however, the   s ize  i s  not as large a8 i s  
desired for en route  control use- 

Overhead Projection  Display. 
Direct-view eRT's have certain  physical  limitations that 

introduce  parallax and limit the i r  maximum size. Larger displays can be 
obtained by the  use of projection systems. TQ show the  possibi l i t ies  of TV 
projection systems,  overhead proJectfon  displays were constructed. 
Figure  12 shows a display  obtafned by overhead projection. The overhead 
system vas obtained by modiffling a commercial system, Type PB6Pl-B, menu- 
factured by  General Precision  LaboPatories. The unit uses a 5-inch (XI', 
Type 5 m 4 ,  operating a t  an anode potential  of 4 0 , ~  volts .  It uses a 
Schmidt opt ical  system similar to   t he  VG. The principal purpose of the  TDC 
modification was t o  fmprme d isp lay   l feewi ty  and video  quality 

The main advantage of this   display i s  the  reduction in   paral lax,  

Wlngle the  pr5jeetion  system  ePidfr;ate  parallax and do not impose 
res t r ie t ions  on display  size, there are certain  disadvantages  inherent i n  ex- 
ist ing  projection equipment- The brightness of the  projected  display i s  not 
adequate if  display  sfzes between 40 and inches are required, which  makes 
it necessary to  operate wLth low  ambfent l ight ing-  Also, the  display  reso- 
lution is p m r  due to   I lmitat ions in CRT resolution and in the  lens system. 

Superimposed  Panorarme Radar Display (SPAEIRAD] 

view TV, and TV projection  displays were discussed  briefly.  For some time, 
TM: has t r i ed  to reduce  the number and magnitude of the ccmprdses  of the 
various  display  characteristics  dictated by existing  techniques One of 
these approaches has resulted in  a display  referred t o  as SPAARAD, shorn 

which may be as large as desired. Opaqae markers positioned manually on 
i n  Figs. 13 and 14. One element of a SPAWRAD system i s  a plotting  surface 

the  plott ing  surface  are picked up by a F! camera ~ o m t e d  overhead. A 

picture from the TI-440 or  other scan-conversion equfpment, as well   as  the 
second  element is a direct-view TV monitor on which is displayed  the  radar 

output of the !W camera me advantages of the SPABRAD system are  that 
resolution and brightness  qualities of" bright-phosphor  cathode-ray  tubes 
are retained, and the flight markers azz positioned with reference  to 
radar targets viewed  on the TV monitor The '11p camera vlll not  resolve 
small m i t t e n  data carried on the markers, but larger numbers or  SJWbols 

This results in a display that has a limited amount of alpha-numeric or 
on the markers  can  be  used t o  ident i fy  the markers on the TV monitor. 

symbolic information  associated  directly with the radar return. 

In the  foregoing  sections,  the  chapacterfstics of VG, direct-  
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TV Displays i n  Tower Cabs. 

Urport   control tower on an in-service  evaluation  basis. These are 17- and 
21-inch CONlUC monitors  with no refinements o r  modifications.  Originally, 
they were driven from a remotely located TI-440 scan-conversion  equipment. 
Recently, new 73-440 units have  been instal led in the tower equipment room. 
The monitors are used to   a s s i s t   t he  tower i n  sequencing VFIl and mixed 
VFR/IFIL t r a f f i c  i n  the  airport   pattern and fo r  VFR advisory service. For 
these purposes, the TI-440 i s  connected to  the  airport  surveillance radar, 
Type ASR-2. A vlew  of a TV monitor in the  Indianapolis tower i s  shown in 
Fig. 15. A close-up view of a scan-converted display of the dsR-2 radar 

Airport control tower are  described in another  report. 
is shown in Fig. 16. In-service  tests of displays a t  he Indianapolis 

TV monitors have been instal led in the cab of the  Indianapolis 

I; 

coNewsIoNs 
me  resu l t s  of t e s t s  of the  'PI-440  equipment and i t 8  storage  tube 

indicate  that  the  resolution,  hawtone  writing, and storage  characteristics 
are such tha t  very useful radar displays can be obtained.  Displays of scan- 

plan position  indicators  using a cathode-ray  tube with a P-7 phosphor. In 
converted radar information from the TI-k.40 equipment  compare favorably v i t h  

vantage of  much greater  brightness The  TV-type reading  scan,  together v i t h  
addition, scan-converted displays  derived from storage tube6 have the ad- 

which m y  be viewed under high ambient light conditions. 
storage,  permits  continuous renewal of information on bright-phosphor  tubes 

The "I-440 equipment in its present form is not  considered 

In-service  testing and a t   c r i t i ca l   loca t lons  having specific  display 
suitable  for implementation on a  large  scale. However, it can be  used for 

problems Drawbacks in the  present  design  are- 

compatible vi th   the United States '  R'B4A system. 
1. The televislon sync system, being of the French standard, i s  not 

2. Reading-side deflection  voltages  are  not  sufficiently  linear. 

3. The rotating  cofl  used for  deflection of the  vr i t ing beam does not 
permit  off-centered  operation of the wrlting beam. 

4 
Loren S.  Foot, Arnold W. Grimes, Fred S.  McKnight, W i l l i a m  G. 

Covell, and Fred €I Ottersberg, 'bitial Evaluation of Two Bright Radar 
Displays in  the  Indianapolis Tower," Technical Development Report No 339, 
February 1958. 



Because of the  favorable results of t he   t e s t s  on the TI-440 
equipment, it is recommended that. 

rn1-440 equipment. 
1. Consideration  be  given t o  fur ther  in-service  evalnation of the 

control diaplaps, be exploited  to  the limits of the  s ta te  of the art. 
2. Scan-conversion techniques, as a means of providing air t r a f f i c  

3. In order t o  implement the above recommendations, specifications for 
scan-conversion equipment designed t o  meet the display requirements of con- 
t r o l  towers aad en route  control  centers  be  prepared and submitted t o  the 

those towers and centers where the need exists. 
industry.  Consideration should be given to   ins ta l l ing  such equipment i n  

4. Techniques for displaying the scan-converted radar information t o  
the best advantage for the  controller be investigated  further. 

1 



FIG. 1 TI-440 SCAN-CONVERSION EQUIPMENT 



FIG 2 TMA-403X STORAGE TUBE 
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FIG. 3 TMA-403X  STORAGE  TUBE 
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READING-BEAM  CURRENT  VALUES 
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FIG. 7 HALFTONE  CHARACTERISTICS O F  TMA-403X  STORAGE  TUBE 
__ 



FIG. 8 RANGE  RINGS  FROM  TL-440  SUPERIMPOSED  ON  GRATING  GENERATOR  VIDEO 



FIG. 9 STANDARD VG DISPLAY WITH ASSOCIATED  FLIGTI L- OGRESS BOARD 
NOTE  SMALL  TRANSPARENT  CHIPS O h  PLOTTING SU :FACE 



FIG 10 30-INCH DUMONT  DIRECT-VIEW DISPLAY 
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FIG. 1 2  DISPLAY  PROJECTED  FROM  OVERHEAD 



FIG. 13 SPANRAD DISPLAY UNIT 



FIG. 14 CLOSEUP O F  27-INCH MONITOR IN SPANRAD DISPLAY SYSTEM 





FIG. 16 SCAN-CONVERTED  DISPLAY OF ASR-2  RADAR  INFORMATION 


