
AVIATION 
RESEARCH  AND  DEVELOPMENT 

SERVICE 

FINAL REPORT 

PPI PRESENTATION OF TWO UNSYNCHRONIZED 
TIME-SHARED RADAR INPUTS 

1 1  
L L , ?  

Task No 59-730 

APRIL 1961 i ” * il &+YET& 
P r e p a r e d  by 

TEST AND  EXPERIMENTATION  DIVISION 
Atlantic Clty New Jersey 



FINAL REP OR T 

PPI PRESENTATION OF TWO  UNSYNCHRONIZED 
TIME-SHARED RADAR INPUTS 

TASK NO. 59-730 

PREPARED BY 

Robert L. Sorensen 
Lawrence B. II 

APRIL 1961 

This  report  has  been  approved  for  general  dmtrlbutlon. 

tlon Research & Development  Service 
Federal  Aviation Agency 

Test and  Experimentation  Division 
National  Aviation  Facilities  Experimental  Center 

Atlantic City, New Jersey 

This report  has  been  released to the U. S. Department of 
Commerce,  Buslness  and  Defense  Services  Admmlstratlon, 
Office of Technical  Servlces,  Washington 25, D. C., for 
reproduction and sale  to  the  general public. 



TABLE OF CONTENTS 

ABSTRACT 

PURPOSE 

SUMMARY 

INTRODUCTION , 

BASIC  DESIGN  CONSIDERATIONS 

MODIFICATIONS  TO  THE  AN/UPA-35  INDICATOR TO 
DISPLAY  TIME-SHARED  INPUTS  FROM  TWO 
UNSYNCHRONIZED  RADARS 

EQUIPMENT  EVALUATION 

CONCLUSIONS 

RECOMMENDATIONS 

Page  

111 

1v 

1v 

1 

1 

1 



LIST O F  ILLUSTRATIONS 

Figure 

Block Diagram of Time-Sharing  Clrcults . . . . . . . . .  1 

Schematic of Time-sharing  Circuits  in 
AN/ UPA- 35 Modlflcation . .  . -  . . .  . .  2 

Modlflcatlons to ANIUPA- 35 for TLme-Sharing 
Two Unsynchronlzed Radars . . . . .  . . . . . . .  3 

Additional Video Amplifier  Required  for 
Time-shared ANIUPA- 35 Radar  Indicator . . . . . . . . . . .  4 

PPI  Pat tern of ANICPS-6B  Radar . . . . . .  . .   . .   . .  5a 

PPI  Pat tern of ANICPS-6B  Radar . . . . . . . . . . .  5b 

PPI  Pat tern of ASR-2 Radar . . .  . . . . . . . .  . .  5c 

PPI  Pat tern of ASR-2 Radar . . . . . .  . . . .  5d 

PPI  Pat tern of ASR-2 Radar . . . .  . . . . . . . . . . . .  5e 

PPI   Pa t te rn  of ANICPS-6B  and ASR-2 Radars  with 
Videos Time-shared . . .  . . . . . . . . . . . . . .  6 

Effects of Sweep Bowing on Cathode-Ray  Tube  Pattern . . . .  7 

il 



P P I  PRESENTATION O F  TWO UNSYNCHRONIZED 

TIME- SHARED RADAR INPUTS 

TECHNICAL DEVELOPMENT  REPORT NO. 415 

ABSTRACT 

Tests  were  conducted  at  the  Technical  Development  Center  to 
determine a method of presenting  lnformatlon  from two unsynchronized 
radar  inputs having different  geographical  locations on both a modified 
ANISPA-BA  and  ANIUPA-35 radar  plan  position  indicator 

The  modified ANISPA-BA  and AN/UPA- 35 plan  posltion  indicators 
proved  successful  in  presenting  the  composlte  picture of the  beacon  and 
ASR-2 radars,  however,  the  time-sharing  circuit  used  in  these  tests was 
not  optimum  for  time  utilization  in  displaying  radar  information 

ill 
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PURPOSE 

The  purpose of this  task  asslgnment was  to  develop  and  outline  the 
baslc  philosophy  for  tlme-sharing two unsynchronlzed  radars. as well 
as  the  modlflcatlon  requred to a standard AN/UPA-35 radar  lndlcator 
for  presentmg a tlme-shared  display 

SUMMARY 

Two radar  plan  position  indicators,  the AN/SPA-8A and  the 
AN/UPA-35, were  modified  to  time-share  two  unsynchronlzed  radar 
inputs  having  different  geographical  locatlone  The  results  conalsted of 
an  apparent  simultaneous  dlsplay of the  coverages of both radars  wlth 
reglstratlon  between  common  targets  presented on a slngle-gun  cathode- 
ray  tube  This  report  outlines  the  basic  phllosophy  for  tlme-  sharing  the 
uneynchronized  radars. as well  as  the  modlflcatlons  to a standard 
AN/ UPA- 35 radar  mdlcator  for  presenting a tlme-  shared  display 
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INTRODUCTION 

In an earlier  report1 on time-shared  displays. it was  pointed out 
that  a  problem  facing  lmplemetntation of the Common System  radar  beacon 
into  the  Federal  Airways  air traffic control  system  was  that  of  displaying 
on the  same  indicator both primary  radar  and  beacon  radar  information 
Also. this  display  problem was discussed  in a study  report2 on the  radar 
beacon  system. In the first report ,  a partial  solution  to  the  problem of 
combining  information  from two radars  in a system on a time-shared 
basis  using a single-gun  cathode-ray  tube  (CRT) was  offered It was 
pointed  out  that  the  location of these two radars  could be  different  geo- 
graphically  and  possess  different  antenna  rotational  rates,  however,  time 
synchronization  between  the two radar  videos was a p re requs i t e  Slnce 
this  time  synchronization  limited  the  system  flexibility, a new approach 
was  made  to  develop a time-sharing  circult  capable of displaying boLh 
radar  vldeos  unsynchronlzed 

BASIC  DESIGN CONSIDERATIONS 

The  basic tune- sharing  circuits  are  outlined in the block  diagram 
of Fig. 1. The  radar  indicator  displays  the two unsynchronized  radar 
inputs  with  a  display  range  adpstable  for  each radar from 50 to 65 nauti- 
cal  mFles  To  obtain  the  maximum  utllizatian of time for  displaying  radar 
mformatlon, a priority  recognltlon  concept  was  used  to  give  priority  to 
the  radar  having  the  lowest  pulse  repetition  frequency  (prf)  For  this 
applicatlon.  the  beacon  radar, having a prf of 300, was  given  control of 
the  tune-  sharing  circuit  while  the  airport  survelllance  radar (ASR), 
having  a  prf of 1200, was  allowed  to  free-run  This  priority  concept of 
time-  sharing two videos of wide  prf  variation,  such  as  the  beacon  radar 
and ASR, gave  much  better  utilization of time  than if time-sharing  was 
based on a countdown 1 1. 1 2, o r  1 n type of philosophy. In applying this  
time-sharing  to  the  beacon/airport  surverllance radars. the  total time 
not  used  to  display  the ASR mformatlon  was  requred  for (1) cod  recovery 

lWilliam E Miller  and  Lawrence B 11, "PPI Presentation of 
Time-shared  Videos  Hawng  Synchronized  or  Unsynchronlzed  Antenna 
Rotation  Rates, I' Technical  Development  Report No 290. June 1957 

2Joseph E Herrmann, Jr , "A Study of the Air Traffic  Control 
Radar  Beacon  System  Characteristics, " Technical  Development  Report 
No. 329, October 1957. 

1 



TA 59-730 

preceding  the  beacon  display  sweep (130 microseconds), (2) beacon  display 
sweep  (50  to 65 nautical  miles), and ( 3 )  coil  recovery following the  beacon 
sweep (130 microseconds) 

It will  be  recognized  that  this  type of time-shared  display  also  has 
limitations.  For  example,  should a 65-naut~cal-m~le  beacon  display  be 
a requirement,  approximately 795 microseconds  for  the  display  sweep 
plus 260 micro6econdS  for  cod  recovery would be  subtracted  from 3, 333 
rmcroseconds  (time  fur one  beacon t r igger)  This would leave 2 , 2 7 8  
microseconds t o  display ASR vldeo This  allowable  time would be  suf- 
ficient  to  display a maximum of three  continuous ASR display  sweeps  for 
50 nautical  mlles,  or a minimum of two contmuous ASR dlsplay  sweeps 
and a portion of a third  display  sweep  Thus,  as  the  time  requirement 
for  the  beacon  display  sweep  increases.  there 1s a consequent  decrease 
in allowable  display  time  for  the ASR 

The  sequence of operation  for  the  time-sharing  circuits is a s  
follows  in Fig 1 The  beacon  trigger  lnltiates  the  display  gate  generator 
(B) This  beacon  trigger 18 counted down by (A) to  provide less off-time 
for  the ASR when practicable  The trailing edge of the beacon  gate  trig- 
g e r s  a phantastron  delay  generator (D) whlch is preset  to  tr igger a coil 
recovery  gate  generator (E) to generate a blanlung  pulse 130 microseconds 
long ~ u s t   p r i o r  to  the  beacon  display  gate (B). The  trailing  edge of the 
beacon  display  gate (B) also  triggers  the  same  coil  recovery  gate  gener- 
ator (E) to  generate a gate 130 microseconds long  following the  beacon 
display  gate  The  coil  recovery  gates  then  are  mixed i n  (F) with  the 
beacon  display  gate  (C)  to  provide  the  necessary  blanking  gate (H) for  the 
ASR trigger  and  display  gates, as well as for the  center  shift and  video 
amplifier blanking gates (G and H )  The ASR dlsplay  trlgger is blanked 
in (I) by the  output of (H) during  the  coil  recovery  sweep  time of the  bea- 
con  radar  Thus,  the ASR display  sweep  always  starts  from  range  zero. 
The  output of (I) triggers  the ASR display  gate  generator (J) The  output 
of (J)  1s blanked in (K) by the  blanking  output (H). The output of (K) 16 

mixed in (L) with  the  beacon  display  gates  (C)  to  provide  composite  clamp 
gates  The  output of (L) 1s amplified  andinverted  in (M) to provlde  com- 
posite  intensity  gates  The  outputs  from (C), (G), (H), (K), (L), and 
(M) provide  the  necessary  time-sharing  gate  outputs to  display two un- 
synchronlsed  radars on a single-gun  CRT  indicator,  such  as  used  in  the 
ANISPA-aA  and  ANIUPA-35  radar  Indicators.  Figure 2 is a schematic 
diagram of the  time-sharing  circuits  outlined in Fig 1 

2 
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MODIFICATIONS TO THE AN/ UPA- 35 INDICATOR TO  DISPLAY 
TIME-SHARED INPUTS FROM TWO UNSYNCHRONIZED  RADARS 

Although a n  ANISPA-BA, a s  well as   an  AN/UPA- 35. radar 
lndlcator was modlfled  for  an  unsynchronlzed tune- shared  dlsplay. only 
the  modlflcatlons to the AN/UPA-35 radar  indicator  are  presented In 
thls  report  Flgure 3 Illustrates  the  resistance  values  used to couple 
the  outputs  from  the  time-sharing  circuits in Fig. 2 to the ANIUPA-35 
circuits  Smce  the  cursor  resolver  was  used  for one of the two radar 
inputs,  an additional servo  system  was  requred  for the radar  azlmuth 
lnformation  For  this  appllcation,  the  radar  with  the  lower  prf  (beacon 
radar)  was  selected  for  the  cursor input since  the  off-center switching 
requirements would be at a lower  repetition  rate Also required  in this 
modlflcation  was  an  additional  video  amplifier, shown in Fig 4, for  the 
beacon  radar vldeo 

EQUIPMENT  EVALUATION 

There  has  been no extensive  operational  evaluation  conducted on 
elther  the ANISPA-BA or  AN/UPA-35 tune-  shared  lndlcators  Slnce no 
beacon  radar  data  were  available  to  display  with  the ASR-2 during  the 
period of this  evaluatlon.  the ANJCPS-6B radar (300 prf and 6-rpm  scan 
rate)  was employed a s  a substltute  The  ANICPS-6B  radar  was  located 
at Rockvllle,  Indiana,  a  distance of approximately 45 radar  mlles  from 
Indlanapolls  Thls  radar  informatlon  was  remoted  to  Indlanapolla by 
mlcrowave  equipment  Photographs of the  plan  posltlon  lndlcator (PPI) 
tlme-shared  display  are shown In Figs  5a,  5b,  5c, 5d, and  5e  for 
different  condltlons of operatlon 

When employing  a countdown of the  long-range  prf,   less ASR-2 
vldeo wag blanked  and  consequently, l e s s  ANJCPS-6B  radar  vldeo is 
displayed  These  photographs of Figs  5a through 5e were  taken  for one 
complete  radar  scan and illustrate a comparlson of plcture  quality  for 
glven  conditions of operation An earlier  report3  discussed  some of the 
problems of time-sharmg two radar  vldeos 

An important  feature of this  type of time-  shared  dlsplay w a s  target 
reglstratlon  between  common targets to  both  radars.  Figure 6 18 a 
photograph of the  ANICPS-6B  and  ASR-2  radar  videos  time-shared  As 
will  be  observed  from  this  photograph,  very good registratlon was ap- 
parent  between  common  targets  Smce this time-shared  indicator 
employed  one  deflectlon  system  and H single-gun CRT, registratlon  was 

3Mvllller and 11, op  cit 
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not as  serlous a problem  as  encountered when using a two-gun CRT The 
worst  condltlon  foreseen  for  reglstratlon on a time-shared  display 1s when 
the  centers of the two radars  are  placed  dlametrlcally  opposlte  each  other 
on the  perlphery of the CRT Since  most  flxed-coil  type  deflection  systems 
have  sweep  dlstortlon  resulting In bendlng of the  sweep, as  i l lustrated 1n 
Flg 7, thls would be the  llmltlng  factor  for good reglstratlon  between  com- 
mon targets  For  the ANIUPA-35 and AN/SPA-8A lndicators,  reglstration 
In all quadrants  was  very good However,  better  regults would have  been 
obtained  with a shorter  sweep  recovery  time 

4 



CONCLUSIONS 

It IS concluded  that 

1 The  modified  ANJUPA-35 radar  indicator  provided a 
successful  approach to the  problem of presenting a com- 
posite  picture of the  information  from two unsynchronized 
radars,  however, the time-sharing  circults  described  in 
this  report  were not  the  optimum in  time  utilazatlon  for 
displaying  asynchronous  radar  data  simultaneously 

2 The  sweep  recovery  time of the  AN/UPA-35  was 
considered too  long for  use  in  displaying  asynchronous 
radar  data  from a beacon  and  an ASR radar  

3 The problem of common  target  registration  inherent  in 
two-gun CRT displays  was  minlmlzed as well as llmlting 
the  dual  equipments  requlred by  a two-gun  system 

RECOMMENDATIONS 

It 1s recommended  that 

1 Further  development be performed  in  the  area of t ime- 
sharing  asynchronous  radar  data  on a slngle  indicator 

2 A radar  indicator  having a sweep  recovery  time of 
approximately 50 microseconds be used  or  that the 
sweep  circuits of  the  AN/UPA-35  be  modified for  a 
faster  recovery  time 

5 
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NOTE:  SWEEP  INTENSITY O F  ASR  RADAR 
TURNED DOWN SO AS  NOT  TO  BE 
VISIBLE. 

AN/CPS-6B  COUNTDOWN  CIRCUIT 
IN  THE "OFF" POSITION. 

FIG. 5b PPI P A T T E R N  O F  AN/CPS-6B  RADAR 



NOTE  COUNTDOWN OF THE  ANJCPS-6B 
RADAR  IN  THE "ON" POSITION  AND 
THE ASR  RADAR F R E E  RUNNING. 
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BE  VISIBLE. 

FIG 5~ PPI PATTERN OF ASR-2  RADAR 
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