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I N I T U L  EVALUA'PTON OF TWO BRIGEiT RPDAR 
DiSPLAK3 IN T'B INDIANAPOLIS TOKE3 

S W Y  

This repor t  describes t e s t s  of an Iatron  dlsplay and a teleVlSlOn 
dlsplzy  for  presentlng.4SR rad= data m a control tows? cab. The eval- 
uatlon was condust& m the cantrol tower a t  Welr Cook Muuclpal  Airport, 
Indlmapolls,  Indlma,  uslng ASR-2 radar dcta ,  The tests were Conducted 
to   evaluate  chese bright rader  dlsplays m the high mblent  11ght COndltlOIE 
encountered  In  control  towers. 

A br l&t   radar  d ~ s p l a y  would be an ald to  the  local  conk-oller 
f o r  sequencmg  arr lvlng  a i rcraf t   operatmg x V ~ S U I L  fll&Qt rule  ccndltlons, 
and elbo could be used by dcparture  or arrival contr;ro??ers fo r   con t ro l lmg  
traf-flc operating In I r5 i rmen t  flight rule candltlons. Brlgkt  dlsplays 
could  mprove  coordlnatlon between controllers  hardllng  both  Instrument 
flip3t ru le  and visual  fh&t rule  a n  t r a f f l c .  

Ike Model 30% Iatron  dl-splay w93 not  acceptable  for  use  ln high 
amblent ll&t conditions dmmg  dagl lght  hmrs. Lack of adequate t r a i l  
mfonlat lon made LL necessary f o r  cont,rollers  to  study  the  Iatron  lndicator 
for   too long a tune  to  dctermme  Ideatifry end h e d l n g  of a l r c r a f t  targets. 
Resolutlon of targets  a l s o  vas Inadequate.  Preclpltation  clutter returns 
integrated on the   d l sp lay   to  such an extent   that   a l rcraf t   targets   could  not  
be Been In these areas even durlng  l lght   preclpl ta t ion.  

The televlslon  rndar  dlsplay produced  by  use of  the Model TI-440 
scan-converslon  equlpnent was found generally  acceptable from an operational 
standpomt. Wlth a mmmm number of h g h t   s h l e l d s  or baffles,  a usable 
plcture  could be obtalned In  hlgh amblent light. Resolutlon,  contrast, and 
t ra l l   chc t rac te r l s t lcs  were consldered  very good. 

Although the   t e l ensed   d l sp l ay  was not   wed f o r  control of 
mstrument flight ru le  air t raff ic   durlng thls evalustlon, it is  believed 
that   both arrival and departure  control  can be e f fec t lve ly  accomplished 
wlth  the  dlsplay. 

INTRODUCTION 

Many a i rpor t s  have been  equlpped w l t h  survell lance  radars to 
expedlte  the  control  of a l r  t r a f f l c  m the   v lc ln l ty  of' the  alrport .  Approach 
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and departure  control  service  for  alrcraft   operatmg under m s t r m e n t   f l l g h t  
ru les  (IFR) normally 1 8  provxcld by these   f ac l l l t l e s .  Due to   the   l ack  Of 
su12aKe  brlgjit  radar  md,catorb, It ha8  been genera l   p rec t lce   to   msta l l  
radar   lndlcators   for  approach co;ltrol service  In  an I573 r o m  bPlow the con- 
trol tower cab where they may be operated 111 n darkened  area. R a d a r  mal- 
cato;s for   departure   control   service  f rcqual t ly   are   Instal led under a 
tent-hire arrm@nent  m the tower  cab l t s e l f ,  Thls permlts more d l r e s t  
verbal  coordinanon oetween zhe local  controiler  In  tae  sab who 1 s  controll ing 
use of t i e   a c t l v e  r m m y  and e1e radar departure  cosltrc!ler, %e ten t - l lke  
s t ructure  1s undesirable beceuse of -he l7ml;ed space  ava1:able ard the 
posa15le obs t ruc t lm  'co the lccal cont ro l le r ' s  V ~ B I O ~ ~  Cocrdmatlon between 
thc radar  approach c o r w o l  posit lcns in  Im rooms and the   local   control  
p o ~ 1 2 1 0 ~  m the tovier ceb 1s accompllohed by l l g h t  md1cato:s and mterphone 
c n x u l t s .   3 w m g  heavy t ra f fx   soxdi t lons ,   the   vo lme of radlo commmlcatlons 
l.-ml'cs tne   control ler ' s  %ime for  verbal  coordinatlo; WIG-' o x e r  cos t ro l  po- 
sl tmn,3,   In  8cw  cases a l r  tz*af,*lc 1s delayed bezaure of the tlme r e q u r e d  
for  coordmatlon between contr31 p o s l n o n s ,  It was fe l l .   tha t  a b r q h t  radar 
dlsplay a t  *he loca l  ccrLro1 posit,lon could reduce  the ainouni of verbol co- 
aTdlmtlon requlred and provde  more mformatlon than 16 c a x l e d  by l lghks 
o r  oLher mechmlcal  coordmation 2ev:ces. 

The local   control ler   a lso  has  a need f o r  a bright  radar dlsplay 
to   glve  posl t lon  mfx-mtlon on movement of a l r c ra f t   ope ra tmg   mder   v l sua l  
f l l g h t   r u l e s  (VFR) m the Lemma1 area. The accura te   pos l t ron   ln fomt lon  
avarlable with radar makes more efficient control of VE'R t r a f f x  posnible. 
Rad-rs posltion  mformatlon 1 s  especlelly  valuable  during  perlods of r e a x e d  
v l s l b l l l t y  due t o  smoke, haze, o r  fog, and a t  nlght, when It 1 s  more d l f f l -  
c u l t   t o  Judge alrcraf t   d ls tance from the  amport  vlsnally.   Increased  safety 
f o r  Efl f l l g h t s  1s posslble  smce  the  local  controller  can  determlne more 
acc7zaTely the poslt lons of a i r c r a f t  and provlde more accurate t r a f f l c  111- 

formchon. This 1s of sperlal   value to p l lo t s   havlng   l lml ted   v l s lb i l l ty  
from cockplts and fcr p l lo t s  of high-fipeed a l rc raf t   wl th   the  at'endant rapid 
closmg  ra tes   wrth  other   a l rcraf t  on converglng  courses. Some exchange of 
t ra f f lc   ln fomat ion  1s made today when a l r c r a f t  are wlthln  slght  of the 
control  tower, however, radar posltlon  lnformatlon cm increase  the ran& a t  
whxh thls service can  be  offered and 1.t can  be done wlth s e a t e r  accuracy. 

AB a pnr t  of the work being done to meet the  need  for a br lght  
radar dlsplay  for  use  the  hlgh  amblent  llght  condltlons of a control tower 
cab, a rear-projectlon  Iatron radar lndlcator and a te levls lon  dlsplay of 
radar informatron  (scan-converted by the CSF Model TI-440 equlpment) were 
evaluated m the  control  towsr a t  Welr Cook Municlpcl  Airport,  Indmnapolis, 
Indiana. The Iatron equipment was ins ta l led  y1 March 1957, and the  evaluation 
contlnued  for c period of approxlmatcly 90 days.  Followmg  these t e s t s   t he  
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televlslon  dlsplay  evaluatlon was nade over a perlod of several  mon%hs. 
S1a-e the Model TI-440 cqulpnent WLS needed for  ocher tes ts   a t   the   Technlcal  
De’relopment Center (‘EJC), the  telpvlslon  radar  dlsplay  normslly WGS avail- 
able TU the tower from 5 p.m. until 8:3O a.m, the  next mornlw a u r m g  the 
week. On Sstuzdays and Smdays It was w a d a b l e  on a contlnuous 24-nour 
basrs . 

Control  TcJer” 

serv1s.z ~ t ,  in2lanapoils.   me o m  ra3ar  mdlcetor available 1s located 111 an 
I33 r0o.n +do f l c o r e  below kh? tower  cab. fio stansard  radar 1ndl:ators are 
ms ta l l ed  13 the  rab a t  ~e pese.lt- The tower cs5 1s appxxlmately 1 4  f ee t  
square. The local  control  17eracmg  posiflon 1 s  locared a<. the noi-+h end of 
tbe cur.i-3i  desk whlch extends  across  the  airpor; (wesL! slde of the  tower 
cab. Because of the teqorarg.   Etatus of the   lns ta l la tmns  an? tae need for 
eveluatlon  In  several   pos~-clona  to  test  for operatlmal  csnvenence and 
vai-lous llght coxl l t lons,   the   experaental   hr lght   dlsplay  mdlcators  were 
mounted In movable consoles. The c-neoles  normally were located 111 the area 
i m d l a t e l y  behmd  the  local  controi  posltloa  next t o  the  tunable  recelver 
rack. 

A Ty2e ASR-2 r a d a r  system 1 s  used to  provlde  approach  control 

Iatroz  Displey. 

the  Farnsworth  Elecrronlcs eo., 1s an expermental  PPI equipment for  use wlth 
various types of search  radar. It was designed orlglnal ly   to   provlde a four- 
foot  prolected  d-splay  for  en  route a n  t ra f f lc  control. The Iatron  tube 1s 
e four-mch-diameter, hlgh-brlghtness,  dlrect-vlew  storage  tube. The Iatron 
dlsplay used m thw t es t  was equlpped  wlth two types of erase o r  storage- 
cont ro l   fea twes .  One was a cycilc  erase  uhlch  could be adjusted to erase 
the Image mstantancodsly  after any tune lntervai  from 2 t o  100 seconds. 
The second feature  made It posslble  to  erase  the  mage  gradually by provldmg 
contlnuous  partla1  erasure. The l a t t e r   f e a t u r e  was deslgned t o   e l m m a t e  
complete loss of the Image d u r m g  the  eraslng  process a n 3  provlde some 
t a r g e t   t r a i l .  

The Iatron radai- projection mdlcator,  Model 3 0 3 ,  mamfoctured  by 

The Iatron  proJectlon  unlt  was momted m a wooden console for 
rear  proJectlon on a translucent  screen. See Flg. 1. A 75 m f-1.9 
Wollensak lens was used w l t h  a throw dlstance of 17 1/4 Inches t o  produce a 
15-mnch-dlzmeter dloplsy. See Flg. 2. Two materlals were used  as rear  pro- 
Jectlon  screens. One of these wa8 a plast lc   Fresnel   lens  and the  other was 
a specla1  plastlc  screen  called  Polacoat  Lenscreen. Due t o  Its d l rec t lv l ty ,  
the plast lc   Fresnel  lens provlded a target  brlghtnesa  approxlmately  twlce 
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t h a t  observed on the  Polacoat  screen when vlewed f rom a pos i t ion   d i rec t ly   in  
f r cn t  of the  screen. However, t%re was considerable  redmtlon of brightness 
of &e Fresnel  lens when vlewed from an angle to  the  screen,  Slnce  daia on 
the  Polacoat  Lenscreen  could be seen from more obliq'Je  angles, lt Was con- 
s i d e x d   t h e  more desirable.  However, durzng bright dayllght It was necessary 
t o  use the  Fresnel  lens  ta  cbtaln mo?e i l & t  output. 

Slnce  the T J ~  ASR-2 radar was not equlpped w l t h  mdeo mappmg, 
map mformatlon m a  drawn on the  froat  surface of the  p:aztic  s.zreens. A 
shadlng hood was provlded to  mmmlze  the amomt of light fa l lmg  d l reCt lY 
on the  plaatzc  sc,een. 

Televlslon  Dlsplay. 

plcture  rn the tower  cab: 
ECe "liowlng equlp,2eqt tras used to  present  a  televised radar 

1. Model TI-$@ scan-converslon equl2me;lt, Thls equlpment 18 
marufacturecl  by the Compapnlc Generale de Telegraphle S a x  F11 CCSF) Of 

France and 1 s  dlst r lbuted In the IJmted Sta tes  by Intercontinental  
Electronics Corp. It 1 s  a scan-oonverslon  unit  vhlch  converts  the normel 
ro ta t lng  PPI redar sweep t o  R te levialon  pctL-e,  The important  element Of 

the TI-440 equlpment 10 the  scan-converslon memory tube, Type TlW-'+O3X, 
whlch 1s a  double-ended, two-gun, cathode-ray  tube (CRT). One eie- t ron gun 
h-rltes the polar  scan  radar Lnformatmn on an In te rna l   t a rg? t   g r id  and %he 
o the r   gm  r eads   ou t   t he   l n fomnon   s to red  on th l s   t a rge t  1n a  televislon 
r a s t e r  scan. E e  m e  WA-403x memery tube  permlts  storage of radcs  x f o r -  
matmn w l t h  a p a d u a l  decay, and the  persistence  control  can be adjusted for 
storage  tmee of  approx-aately 20 t o  120 seconds, 

2. Vlaco map gezerator. The video map generator was p a r t  of  the 
or lglnal  Model SRD-1 brlght  tube  dlspioy equlpment b u l l t  by Allen B. DUMont 
Laboratorles.1 It uses a flylng  spot-scanner. The desn-ed map 1s interposed 
between a photocdll and a CRT havlng  a q u x k  decay  phosphor. A br lght  TV 
raster  synchronlzed  with  the  output of the TI-440 mlt  1 s  writ ten on the CRT. 
The yhototdbe IS energlzed  as  the  raster 1 s  scanned and l lght   passes  through 
l u e s  o r  symbols on the fllm. The r e s u l t m g   v d e o  map output   is  comblned 
'nth  the  vldeo from the TI-440 by a  slmplc  mlxlng  clrcult. 

'Wllllam E. Miller, Marvln H. Yost,  and  Davld S .  Crlppen 
"Evaluation  of the Dutlont SRD-1 B r l & t  Radar Dlsplay and I n l t l a l  Stub 94 
Other Display Techniques," CAA Technical Development Report No. 288, 
J U ~ Y  1956. 
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3. Vrdeo l i n e  driver. Slnce  the TI-440 equlpment was located m a 
l abo ra to ry   a t  TDC, an e::lstlnG coaxla1  cable  approximstely  one-half  mlle 
long was use3 to  carry  t5e  vldeo slgnial from the szm-conversion equipment 
t o  the  control  tower. A Type c.4-24Ob radar x d e o  l m e   a r l v e r  modlfled t o  
provlde  wder bandpass and mpro7ed lob,-frequenc:r response was used. Some 
d l f f l cu l t l e s  were enco?ntered due t o  the difference ln "gro7md" potentla1 
bctwcen the two locatlons.  Although not available f o r  t h m   t e s t ,  a s t a b i l i -  
zatlon  arqpllfler a t  the  tower end would have been deslrable for reducing 
nOlSe and hm p-ic:sup t o  Frovlde a more stable  plcture.  

4. In&lca tox .  A 17 -mch   zml to r   bu l l t   by  C0IW.C was momtzd 1n a 
Wooden Ccnstjle  and u8e-l to  present  the  televiolon radar p l c t n e  m the tower 
ccb. !%IS 1 s  shown in l?lg. 3. To reduce  the  effects of d i r e c t   l l g h t  on the 
tube face and reilectlons frorc t h e  TV monltor lrcplosion ohleld, a?.Jmtabble 
bllndsrs o r  1 1 g h t  baffles were sdled  to  the  coqsole a:o.m3 the  face of the 
tube. 

During pa r t  of +.he t e s t s ,  a l7-lnch COUF24C monltor was s e t  up 111 
the IF% room. A 17-mch  -;lortable TV s e t  whlch had  been  modlfled also was 
installed m t1.e corner of the tower  cab near t'ne ceilmng, a6 shown m 
Fig, 4, t o  determme If tms   l oca t lon  was edvonLageous. 

TEST RESULTS 

Iatron aisplay. 
The Iatron  dlsplay was not br lght  enodgh durmg  dayllght  how3  to 

be acceptable. The headlngs of a i r c r a f t  were dlff1tdLt  eo de'werpam wbess the 
dlfiTlay w m  observed for several   rotat lons of the antema, a period of sev- 
e r a l  seconds a t   t h e  26-rPm radar antenna scan r a t e .  It wa6 d l f f l c u l t  t o  
dls tmgdlsh olovlng a l r c ra f t   t a rge t s  from flxed s o u n d  c lu t te r   re turns ,  even 
though t h e   l a t t e r  were a t  a low leve l  m the MTI area.  Target  resolutlon 
was madequatee Radar returns from alrcraf t   In   c lose  proxlmity  f requent ly  
merged ln to  or*e ta r&et .   Frec lp i ta t lon   c lu t te r ,  eiien thou& very l i gh t ,  m -  
t e g a t c d  on the display rstlxr qulckly t o  m a m u m  brightness s o  t h a t  
*aCkLng of a l r c ra f t   r e t -xns  throdgh such  areas wes not  possible.  In many 
cmes  a l rcraf t   could be  followed t h r o u d  areas of hght prccipl ta t lon on a 
s tmdard  PPI display hanng  a P7 phosphor,  whereas  these same r e tuns   cou ld  
not be  followed on the Iatron  dlsplay.  

A s  a r e s u l t  of thesQ  defects,  when the  local   control ler  used the 
dlsplcy h;s attention was dlverted from v l sua l  obaervatlon of a u c r z f t  on the 
landlng ares and m the  t raff lc   pat tern  for   too  long a tlme. A survey of the 

period lndlcated  that  a maJorlty of the  controllers wzre not  able t o  
Dersonnel In  the  Indlana?olls tower a t  the conclusion of  the 90-day t e s t  
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use  the  Iatron  display fo r  sequencing VTR a r r i v a l   t r e f f l c .  It was not 
consldered  satisfactvry f o r  use 3s a b r l g h t  dlsplay  ln   the tower. 

Televlslo3 Dlspla;.. 

preszntxng  radar  data m the tower c & ~  Even rn the very high a d w e n t   h g h t  
condltlons d u r ~ n g  da;rlrllght hours,  the dlsplay was useble provlded tha t  It 
was posltlcned so tha t   d l rec t   sunl lght  or bri#t  refleci , lons d l d  n o t   f a l l  
on the tube face. hil+h su l tab le   l lgh t   sh le lds ,  or blmaeiers, around the 
face of the  tube, a d  by poslt lonmg  the dls$ay  console  prnperly, the TV 
dl-play was usable a t   a l l  times, The TV dleplay could  be viewed through a 
fa t - ly  wlde an@. 5 c  dlsplay had  adequate target   resolut lon.  The long 
t l z l l s  cm movlng targets,  as  seen rn Flg. 5, permitted cont ro l le rs   to  
quxk ly  lder , t l_”y  s l rcraf t   target5 m d  deterrune  hcadmgs of the a x c r a f t .  
%la wes an essential feature  sm-e  the  local sontrolier ahould be ab le   t o  
~ C K  up mformatlon from the ladai- d l s l l oy  wl-31 a mlnlwm of study. He 
must mantam  vlsual  o’xervatlon of the act lve runvay and a r  t r a f f l c  around 
the   a l r2or t  I 

The televmLofl  scan  radar  dmplay  proved  qulte  effectlve for  

A survey of bie  personnel  In  the tower af ter   approxmately  four  
months of ase  lndlcsted  that   controllers were unmmous VI approvlng  the 
television rada r   d l sphy  and desired a permanent l n s t z l l a t ion  rn the tower. 
A l l  control lers   s te ted  that   they were able   to  use the  display in local. 
control  ope-atlorn f o r  sequencmg VFR a r r l v a l   t r a f f i c .  

Smce  thm was a temporary i n s t a l l a h o n  of an expermental   nature 
for  evaluation t e s t s ,  it was not  consldered desirable t o   cu t   In to   t he  per- 
manent opfratlng  desk m f ron t  of the  local   control ler  t o  t e s t   t h m   l o c a t l o n  
for  the  dlsplay. Many of the c o n t r o l l e r s   f e l t  thls would be thE best   loca- 
t lon.  It l s  believed  that  thls locatlon  should be tesbed, and that ,  smul- 
toneously, a test should be made of or ientat lon of the radar dssplay  to  
correspord t 3  the  geographlc  orlentatlon of the  a l rport   as  vlewed by the 
local   cont i -ol ler .   In  t h e  I n d l m a p o l ~ s  tower, t h i s  would place West a t  the 
top of the  local  controller’s  dlsplay.   In  the  tests  wrth  the  dlsplay 
mounted ve r t i ca l ly  ln a console, North was always a t   t 3e   t op  of the dlsplay, 
corresponding t o  normal or lentat lon of the  s tandard  radar   mdxctors .  

Untll lt was Instal led,  it was thought  that  the  overhead  dlsplay 
mounted m the  corner of the  tswer  cab  near  the  celllng would be a good 
locatlon  smce  the  lndlcator  could be seen from  more t h m  one control  posi-  
t l0n.  However, thls proved t o  be an  undesirable  locatlon durlng dayl;&t 
hours dm to   the   s t ronz  light reflections from the  face of the  lndlcator.  
A t  n l&t ,   th i s   loca t lon  was consldered good slnce  the loca l  control ler ,  
departure  controller,  a d  ground controller  could  see the dlsplay. 



Although the  te levis lon E C ~  radar dlsplay was not  used f o r  IFR 
control,  It 1s belleved  that  It m u l d  be  adequate f o r  211s purpose. No 
quantltatlve measurements were made of the  accuracy of vldeo maps or of 
okher possible nonl1near;ties m tlle  aystem. It 1s belleved  that   these 
factors  con  be held t o  acceptable  tolerances  wlth  properly  6eslgned 
equlplrent 

1. Iatrcn.   9-e  Iatron Model  305A  wa8 not   sat lafactory as a br ight  
radzr d u n l a y  f o r  w e  m the  hl@  mblent   Lght   cor .dl t loxs found -a a 
conix-31 tower  cab. T x g t  t r a l l  mformatlon md ta rge t   reso ln t lon  were m- 
a2eq:ate. The length of tlme needed t o  s+,l&g the  dlsplay is too  great   to  
pelrmlt use by a local   ccntroi ler  in sequencing W R  a r r lva l  traffic a t  an 
a n p o r t ,  

2. Televlslon  Display. The television radm dlsplay  proauced  by  use 
of the Model TI-bbO acm  ccnverslon equipment was su l tab l f  as a br lgnt   radar  
dlsplay fo r  use m the hl& mblen t   l l@t   cond l t lons  of a towcr  cab. The 
radar  lnformatlon  dlsplayed on t he   t e l ev l s lon   mhca to r  was e a s l l y   m t e r -  
pt-eted m a m;nsmu;n amomt of tune, The hea3lng of the  alrcrafz  could be 
determined  reedsly w l t h  the m o u n t  of t r a l l  available. It IS belleved  that  
amplays of thls type can pravlfie increased safety md more expedlylous a n  
t r a t f x  cor-trol  8erv1ceD 

RECOMMENDATICNS 

1. Televlslon d1sp1aj.s of radar  data, through sultable  scan-conversion 
equlpnent,  are recommended f o r  use m control tower  cabs. They are recom- 
mended f o r  use a t   loca l   cont ro l   pos l t lons  f o r  assistance t o  the  controller 
in  sequfncmg m, rrrrlvzl t r z f f l c  and t o  lmprove coordlnatlon w t h  radzs 
departure and ar r lva l   cont ro l le rs .  

2. Addltlonal  m-servlce  tests of these  dzsplays  should be made f o r  
IFR radar departure  control and radar approach control.  A s  pa r t  of these 
t e s t s ,   t he  opxmum locat lon of the dlsplay for  each  poslhon of operatlon 
should be determlned. 



FIG.  1 IATRON  REAR  PROJECTION DISPLAY CONSOLE 



F I G .  3 TV MONITOR  INSTALLED IN INDLANAPOLlS  TOWER  WITH  OUTPUT 
F R O M  SCAN-CONVERSION  EOUIPMENT  AND  A5R-2  RADAR 
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