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STUDY OF  AIRCRAFT RADAR TARGET  SIZE 

SUMMARY 

This   report   descr ibes  a method  used  to  determine  the  relative  radar 
ta rge t   s ize  of f ive  a i rcraf t   types   These  a l rcraf t   were a Twin  Beechcraft 
C-18S, a Douglas  DC-3, a Convalr  340, a P l p e r   T r i - P a c e r ,  and a 
Lockheed  T-33  The  measurements  described  herein  were  made  to  provlde 
FAA flight  check  personnel  wlth  informatlon  whlch wlll  a l low  var lous  a i r -  
craft  to  be  Interchanged  In  the  perlodlc  flight  check  tests of FAA 
survell lance-type  radars  Included  in  the  report  is a summary  of data 
obtained  and  the  conclusions  to  be  drawn as to  the  relative  detectable  range 
of the  various  alrcraft   tested  Slnce  the  alt l tude  change  result ing  from 
f l lght   a t   hfferent   a l rspeeds  had a ve ry  significant effect  on  the  effectlve 
radar   t a rge t   s ize ,   the   da ta   p resented  is not  complete  Addltlonal  tests 
are,   therefore,   recommended  The  report   concludes  the  conversion  factors 
based  upon  the  average of many  target  size  measurements,   can  not  be 
dependably  used  to  evaluate  radar  performance  on a single  aircraft   f l ight 

INTRODUCTION 

The FAA has  many  short   and  long-range,  surveil lance-type  radars 
In  operatlon  and wll l  expand  the  number of these  facil i t ies In the  future 
Each   r ada r  is flight  checked at the  time of commissioning  and  at  frequent 
Intervals  thereafter  to  assure  that   adequate  performance 1s being  obtalned 
In  the  past,  fllght  checks  normally  have  been  made  using a Twln 
Beechcraft   C-18s  aircraft ,   however,   wlth  the  increase  in  number of r a d a r  
installatlons  and  the  approachlng  obsolescense of the  Twin  Beechcraft 
for  thls  appllcation,  it   will  not  be  practlcable to contlnue  thls  practlce 
In  order  that   other  types of a l rcraf t   may  be  used  interchangeably,   i t  1s 
desirable to obtain a target   s lze   converslon  factor   for   each  a i rcraf t   Also,  
s lnce  the  target   s lze  on L-band  and  S-band  radars  differs  for a given air-  
craft ,  it was   necessary  to perform  tests  uslng  both  types of r a d a r s  

Most of the  known  prevlaus  efforts  to  determlne  radar  target sizes 

of different   a l rcraf t   types   have  deal t   wth  absolute   values   ra ther   than 
relat ive  s lgnal   s t rength  measurements   Some  work  has   been  based on 
calculatlons  and  other  work on measurements   us ing   a l rc raf t   models  
The  resul ts  of these  absolute  measurements  have  been so  inconsistent,  
both  in  methods of obtalnlng  the  data  and In the  results,  that  the  work 
has   been of l i t t le  value  to  the FAA 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 Dona1 E Kerr.   "Radar  Targets  and  Echoes",   Propagation of Short 

Radio  Waves,   Radiation  Laboratory  Serles,  Vol 13, p 470 
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Prevlous  work  has  lndlcated  that   the  nature of an   a l r c ra f t   r ada r  
target  1s very  complex  Variat ions  caused  by  mult iple   propagat ion  paths  
have a great  effect  on  the  strength of the  re turn  s lgnal   Alrcraf t   a t t idude 
also,   has a profound  effect  on  the  return  slgnal  In  tests  whlch  were 
performed  by  the MIT Radlation  Laboratory  it   was  found  that  for  113 
degree  change In aspect  angle,  the  return  power  could  change as much 
as 15 decibels' These  combined  effects  result   in a rapidly fluctuating 
return  which i s  very  difflcult   to  record  and  more  dlfflcult   to  analyze.  

It IS the  purpose of this   report   to   descr lbe a method  and  results 
for  obtaining and  analyzmg  target   s ize   data   whlch is believed  to  be 
superlor   to   the  photographic   method  descr i ted  in  a pre l iminary   repor t  
on  thls  subJect 3 

MEASUREMENT METHOD 

To  obtaln  an  accurate  comparative  value of re la t ive  target   s ize ,  
I t  1s necessary   tha t  a large  number of data  samples  be  taken  and  averaged 
In  this  manner  the  vnde  varlatlons  in  slgnal  strength  associated  with  changes 
In propagatlon  paths  and  aircraft   al t i tudes  will   integrated  Into  an  "average" 
difference  between  alrcraft   In  practice  this  average  difference  wlll   be 
dlfflcult  to  duplicate  on  any  one  occaslon,  but  for a large  number of samples  
It   should  prove  falrly  rellable T o  r educe   e r ro r s   caused  by envlronmental  
phenomonon  or  changes  in  equlpment,  the  two  aircraft  belng  compared 
were  in   the  a l r   a t   the   same  t ime  and  were  measured  a l ternately  only 
minutes  apart   They  were  f lown  at   the  same  alt i tude on  the  same  course 
through  the  same  range 

Durmg  the  measurements,   the  antenna  was  f lxed at one  azimuth 
It  was  feaslble  to  use  at  thls  azimuth a short   segment  of highway s o  
si tuated  that   the  extended  center  l ines of the  highway  segment  would 
pass  through  the  radar  sl te  The  test   alrcraft   were  f lown  over  this  high- 
way  and  were  therefore,   in  the  f lxed  beam of the  radar  antenna  Since 

_ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
Louls N Ridenour ,   "Propert ies  of Radar   Targets" ,   Radar   System 

Gerald E Dunn. "Preliminary Study of Aircraf t   Radar   Target   Size" ,  
Englneerlng,  Radiation  Serles,  Vol 1 pp 7 6  

Technical  Development  Report No 3 7 9  
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the  alrcraft’s  al t l tude  was  held  constant  when  f lymg  over  thls  segment,  
the  same  test   condltlons  were  duplicated  for all a l r c ra f t  

The  length of the  test   path  was 1 6 naut ical   mlles   inm)  and  the 
mldpolnt  was 20 nm  from  the  radar   s l te   The  azlmuth of the   t es t  
volume  was 359 degrees   f rom  the  radar   s l te   The  a i rcraf t   were  f lown 
at   an  alt l tude of 2200 feet  above  the  slte  (3000  feet  mean  sea  level) 
The  ver t lcal   lobe  s t ructure  of the  antenna  radlatlon  pattern  was 
calculated4,  and  the  altltude  was  selected so  that  the  volume of a i r space  
used  for   the  tes t   was  near   the  maximum of the  second  lobe of the 
antenna  radlat lon  pat tern  The  a l rcraf t   were  f lown  over   the  tes t   range 
In  both  dlrectlons.  that IS Inbound  and  outbound 

Durlng all measurements   one   a l rc raf t   was   compared   wth   an-  
other   The  DC-3,   Convalr   and  Tri-Pacer   were  each  compared  wlth  the 
Twln  Beechcraft  and  the  Convalr  also  was  compared  wlth  the  T-33 
When the  DC-3  and  Convan  were  compared  wlth  the  Beech,   a l l   a l rcraf t  
were  f lown  at   approximately  165  mph When the  Trl-Pacer   was  compared 
wlth  the  Beechcraft,  both  were  flown at approximately 130 mph When 
the  Convalr was  compared  mth  the  T-33  both  alrcraft   were  f lown  at  
approxlmately 200 knots  The  test   equipment  does  not  requlre  both 
alrcraft   to  be  f lown at the  same  speed,  however,   thls  procedure  simpll-  
fles  the  reduction of data Most of the  reported  data  was  taken, 
therefore.  under  these  conditions 
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TEST  EQUIPMENT 

An  electronic  circuit  was  developed  for  averaging all recelved 
radar   re turns   f rom  the  a i rcraf t   whi le   they  were  f lymg  through  the  given 
volume of a i r space  A block  diagram of thls  device is shown  in  Fig 1 

NORMAL 

COMBINED IN 
INTEGRATING DEVICE 

A 
"IDE0 \ 'I 

RADAR 
RECEIVER 

RANGE  VIDEO - 
DEVICE  INTEGRATOR 

- GATING AMP 8 VTVM 
CIRCUIT 

- RECORDER 

1 

1 

DUAL 
BEAM 

0-SCOPE 

FIGURE 1 - BLOCK DIAGRAM O F  TEST  EQUIPMENT 

The   radar   normal   v ideo   f rom  the   radar   rece iver  is fed  to  the  integrator 
device  in  whlch  the  first  functlon 1s to  gate  the  vldeo  in  such a manner  
that  only  video  whch  occurs  in  the  test   gate  range is used  Followlng 
thls  gating,  the  video i s  amplified  to  yield a 100 volt  peak  magnitude 
The  vldeo  energy 1s s tored  in  a capacitor  with a high  leakage  resistance 
The  voltage  buildup on the  capacitor  can  be  callblated to indicate  the 
average of the  total   power  received  during  the  t ime  that   the  aircraft   was 
1n the  range  gate A vacuum  tube  voltmeter  circuit is attached  to  the 
capacitor,  the  output of whlch is  connected  to  an  Esterl ine-Angus 0 to 
1 mi l l iampere   recorder   The   recorder   p rovides  a permanent   record  
of the  measurement  f o r  later  study A schematic  of the  system 1s 
shown  in  Figure 2 



FIGURE 2 - SCHEMATIC O F  INTEGRATING  DEVICE 
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The  radar   recelver ,   Integrator   and  recorder   are   l lnear   over  
a range of approxlmately 8 db  Stronger  slgnals  tend  to  be  l lmlted  In  the 
recelver   and  weaker   s lgnals   are   lost  In the  nolse  bulldup  on  the  capacltor 
A recelver  and  vldeo  system  wlth a wlder  dynamlc  range  would  Improve 
the  measurement  accuracy,  however,   wlth  the IF gam  adJusted  to   keep 
peak  s lgnals   f rom  l lmlt lng a fa l r ly   accura te   resu l tan t  1s obtalned  wlth  an 
8 db range  Thls  1s par t lcu lar ly   t rue  If the   measurement   path 1s 
short   and  there  are no  severe  lobes  In   the  antenna  pat tern  wthln  the 
measurement  gate  Changes of a l rcraf t   a t t l tude In the  test   gate  wlll  
effect   the  result ,   however,  If a number of measurements   a re   made ,   and  
averaged to obtaln  the  resultant,  thls  effect  can  be  neglected 

F igure  3 1s a typlcal   recordmg of the  voltage  bulldup  across 
the  lntegratlng  capacltor  durlng a ta rge t   s lze   measurement   The   t lme 
of the  bulldup 1s the  t ime  the  a l rcraf t  1s In  the  gate  The  maxlmum 
reached 1s the   averaged  resul t  of all recelved  power  durlng  the  t lme  the 
alrcraft   was  in  the  gate  Figure 4 1s a typlcal   cal lbrat lon  recordmgs 
It  was  obtalned  by  feedlng a callbrated  slgnal  generator  Into  the  dlrec- 
tlonal  coupler of the   radar   sys tem  By  mser tmg a known  power  level 
slgnal of the  same  pulse  wldth  and  prf  as  the  radar,   and adjusting the 
pulse  delay to fall into  the  range  gate,  the  lntegratlng  capacltor  wlll 
bulld  up as shown  The  tlme  allowed  for  the  callbratlon  bulldup 1s 
made  longer  than It  would  take  the  slowest  alrcraft   to  f ly  through  the 
measurement  gate  thereby  maklng  one  callbratlon  usable  for  al l  air- 

craf t   t es ted  

To  find  the  average  power  level of a recelved  s lgnals ,   I t  1s 
n e c e s s a r y  to flrst determme  the  length of t lme  over   whxh  the   measure-  
ment  took  place  Thls 1s the  t lme f o r  the  beglnnlng of the  voltage  r lse 
t o  t he   s t a r t  of the fall The  peak  r lse  and  the  t lme of the  measurement  1s 
then  compared  to  the  callbratlon  curves When a curve 1s found  where, 
for   the  same  length of tlme. the  callbrated  source  had  an  equlvalent 
vol tage  r lse   then  the  average  power  recelved  durlng  the  measurement  was 
the  same  as   the  cal lbrat lng  source 

Slnce  the  test  was  to   de te rmine   re la t lve   a l rc raf t   t a rge t   s lze   the  
sensltlvlty  or  power  output of the  radar  does  not  enter  Into  the  accuracy 
of the   measurement   Cal lbra t lons   were   made   wl th   the   same  IF   gam  and  
receiver   performance  as   durlng  the  measurements   The  Normal   vldeo 
receiver  was  used  for  al l  tests Callbratlons were made  before  and  after 
each   se r les  of measurement   whlch  ordlnar l ly   took  f rom  one  to   three  hours  
to make 



IN  IN OUT OUT IN IN OUT OUT 

FIG 3-TYPICAL MEASUREMENT DATA 

FIG 4 -EQUIPMENT CALIBRATION RECORDING 
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Tests   were  made  using a FPS-8  L-band  radar   This   set   had a 
3 degree  half  power  azimuth  beam  wldth  and  had  previously  been  modlfled 
to a 600 PRF,  two  microsecond  pulse  width  The S band  tests  were  made 
uslng a standard  ASR-2  radar  This  set   has a 2 2 degree  half  power 
azimuth  beam  width  It  has a 1200 P R F  and a one  mlcrosecond  pulse  wldth 

TEST  RESULTS 

The S band  tests  were  run  at  165  mlles  per  hour  with  the  DC-3  and 
Convalr  bemg  compared In each  case  wlth  the  Twin  Beechcraft   The  averaged 
data  1s shown  In  the  followmg  table 

TABLE I 

DIFFERENCES  BETWEEN  AIRCRAFT ON S-BAND 

No of Average 
Aircraf t   Direct lon  Trials  DB Difference  Range  Multiplier 

(Compared  to  Beechcraft)  

DC-3 Outbound 41 + 2  3 1 14 
DC-3 Inbound 41 f l  5 1 09 
Convalr Outbound 27 -0  8 0 96 
Convalr Inbound 27 f 1 4  1 08 

(Each  Aircraf t   Compared  to  Its Own Outbound  Attitude) 

Beech  Inbound  68 t 0  6 
DC-3  Inbound  41 -0 4 
Convalr  Inbound 27 + 2  6 

1 03  
0 98 
1 16 

Flgure 5 is a plot of all measurements   made  to   determme  the 
inbound  and  outbound  differences  between  the  DC-3  and  Beechcraft  The 
lnbound  d l f fe rence   measurements   vary   f romf5  db to   -2  db.  outbound 
dlfferences  vary  f rom+5  db to -1 db Similar  variations  were  found  in 
the  ConvalrfBeechcraf t   comparat lve  measurements  
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FIG 5 - S-BAND DB DIFFERENCES INBOUND  AND  OUTBOUND 

The  comparative L band  data  for  the  DC-3,  Convair  and  Twin 
Beechcraf t   were   run  at 165  miles   per   hour   The  averaged  data   for   these 
t h r e e   a i r c r a f t   a r e  as shown  in  the  followmg  table 

TABLE I1 

DIFFERENCES  BETWEEN  AIRCRAFT ON L-BAND 

No of Average  Range  Multiplier 
Ai rcraf t   Di rec t ion   Tr la l s  DB Dlfference  Based  on  Average 

(Compared  to   Beechcraf t )  

DC-3  Outbound 40 - 0  4 0 98 
DC-3 Inbound 40 t 2  1 1 13 
Convalr Outbound 30 - 2  8 0 85 
Convalr Inbound 30 + 5  3 1 36 

(Each   Al rcraf t   Compared   to   I t s  Own Outbound  Attltude) 

Beech Inbound 70 -3  7 
DC-3 Inbound 40 0 0  
Convalr Inbound 38 +2  9 

0 81 
1 00 
1 18 
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Figure 6 1s a plot of all measurements   made  to   determlne  the 
inbound  and  outbound  differences  between  the  DC-3  and  Beechcraft  The 
Inbound  difference  measurements   vary  f romt5  db  to  t0 5 db, the  out- 
bound  differences  vary  from+4  db to -5  db S l m l l a r   m e a s u r e m e n t   v a n -  
ations  were  found  in  the  Convar/Beechcraft   comparative  measurements 

f 6  
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~ 2 / 1 6 / 5 9 ~ 2 / 1 7 / 5 9 ~ 2 / 2 0 / 5 9 ~  

40 INDIVIDUAL MEASUREMENTS 

FIG 6 - L-BAND  DIFFERENCES INBOUND AND OUTBOUND 
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Flgure  7 1s an  analysls of all alternate  L-Band  Beechcraft  
measurements  taken  to  show  chfferences  In  inbound  and  oumound  measure- 
ments   a t   165  mlles   per  hour It shows  varlatlons  from -1 db to t10 db 
There  1s a deflnlte  varlatlon  between  readmgs of one  day  as  compared  to 
readmgs  on other  days  While  not  recorded at the  tlme  It 1s defmltely 
known  that  cross mnds exlsted on the  test   range  on  certaln  days  and 
these  undoubtedly  explam  the  range of varlatlons shown 

FIG 7 - DB DIFFERENCES IN ALTERNATE OUTBOUND MINUS INBOUND 
MEASUREMENTS OF TWIN BEECHCRAFT 
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The  comparative  L-band  data  for  the  Twin  Beechcraft   and  the 
Tr i -Pace r   were   run  at 130  miles  per  hour  In  12  comparlsons,   the Trl-  
Pacer   averaged  -4  8 db  outbound  (76 per  cent  range)  and 1 7 db  inbound 
(110  percent  range) as compared  to   the  Beechcraf t   The  Tri-Pacer   averaged 
3 4 db  (121  per  cent  range)  stronger  Inbound  than  when  it  was  outbound 
Random  variations of lndlvldual tests can  be  expected  to  vary 1n the  same 
order  of magnltude as shown  In  Flgures 6 and 7 for  other  alrcraft   types 

ATTITUDE  STUDIES 

The  comparatlve  L-band  data  for a T-33  type  aircraft   was  taken 
wlth  reference to the  Convair   The  measurements   were  made  mth  both 
alrcraft   f lylng  at  230 mlles  per  hour  The  T-33 was equipped m t h  wing 
t lp  fuel  tanks  At  the  t ime  the  measurements  were  made,  I t   was  felt   that ,  
s ince  comparlsons  had  a l ready  been  made  between  the  Beech  and  Convair ,  
that  the  T-33/Convair  comparlsons  could  be  used  to  calculate  the  target 
size  relatlonship  between  the  Beechcraft   and  T-33  However,   when  the 
Convalr  data  was  analyzed, It  was  found  that  at 230 mlles per  hour  the 
Convalr  averaged 1 0 db  stronger  out  than  In,  whereas  the  prevlous 
L-band  data   a t   165  mlles   per   hour   showed  the  Convair   averaged 2 9 db 
stronger  inbound  than  outbound  Although  only  llmlted  data  was  taken 
I t  was suspicloned  that  the  difference  in  longltudlnal  attitude  between  165 
and 230 mph  caused  the  Convalr  to  present a dlfferent  effectlve  target 
a r ea   Fo r   t h l s   r ea son  It  does  not  appear  valid to  re la te   the 230 m l l e s   p e r  
hour  Convalr  data  to  the  Beechcraft   slze a t  165  mph 

Elght   measurements   were  made  to   compare  the  Convair   wl th 
the  T-33 at 230 mph  The  average of these  show  that  the  T-33 is 4 8 db 
weaker  inbound  than  the  Convair  and 6 9 db  weaker  outbound  than  the 
Convalr  Compared  wlth  Itself,  the  T-33 1s 1 1 db stronger  (106  per 
cent  range)  Inbound  than  outbound 

The  speed  phenomena  found  wlth  the  Convair  suggested  that 
addltlonal  mvestlgatlons  should  be  made  into  attltude  effects  Unfor- 
tunately  the  time  allotted  to  the  prolect  did  not  permit a lengthy  study 
However, a qulck  study  was  conducted, to s e e  If the  speed  effect  could  be 
better  understood  The  only  aircraft   available  for  thls  part  of the  study 
was  the  Twin  Beechcraft 

The  Beechcraft  was  flown  over  the  previously  descrlbed  course 
and  measured  in  the  same  manner  Two  Inbound  and two  outbound measu re  - 
ments   were  made at each  a i rspeed on L-Band  only  The  airspeed  was 
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controlled  by  the  longltudmal  attitude of the  amcraft ,  I e nose  higher 
or   lower   The  resul ts   were as shown  below 

DE Dlfference 
Indicated  Alr  Speed  Inbound  Outbound  Outbound  with  Respect 

(mph) ( dbm ) (dbm) T o  Inbound 

100 
110 
120 
130 
140 
150 
160 
170 

-77 5 -78 
-78 - 7 7  3 
-76  3 -78 
-75 5 -73 
-74 -67 
-76  -68 3 
-77 - 6 6  
-78 - 6 9  5 

-0 5 
t o  7 
-1 7 
+l  5 
+7 0 
+7 7 
+11 0 
+a 5 

Since  there  were  only  two  samples  at   each  speed  some  lnconslstencles 
In  the  data  can  be  expected  Nevertheless,  It  can  be  deflnltely  seen  that  the 
Inbound  slgnal 1s about  the  same at all speeds  The  outbound  slgnal  on  the 
other  hand 1s approximately 10  db  weaker at 100 mph  as  compared  to 170 
mph  Although a different  crab  angle  may  have  been  requlred  to  hold  the 
test   course  over  the  range of speeds  involved It would seem  that,  s1nce 
a l a rge   c r ab  would  be  requlred  at  lower  speeds,  that low speed  should 
have  had  the  larger  target  slgnal  strength Also, slnce  there  i s  l i t t le 
change  In  the  Inbound  slgnal  the  crab  angle  apparently  wasn't a blg  factor  
The  only  remaning  point  appears  to  be  that   different  longltudmal  att l tudes 
have a large  effect  on  outbound slgnal  strength,  but  obviously  this  needs 
further  evaluation 

CONCLUSIONS 

1 The  tables In th l s   repor t  which compare DC-3 and  Convalr air- 
craf t   to   the  Twln  Beechcraf t   are   the  averages of a number of measurements  
and  therefore,   represent  an  average  dlfference  which  can  be  expected  when 
the  a l rcraf t   are   operat ing  a t   165  mph,   lndlcated  a i r   speed 

2 Wlde fluctuatlons  from  the  average  can  be  expected  on  any 
indlvldual  test 

3 Speed  and  crab  angles wll have  large  effects  on  the  slgnal 
s t rength of any  partlcular  flight 
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RECOMMENDATIONS 

The  only  feasible  conversion  factor  wlpch  can  be  used  to  compare 
a r c r a f t  1s the  average of a large  number of measurements  It 1s 
recommended  that a new s e r i e s  of tests  be  conducted  based on the  measure-  
ment principles described  m  thls  report   The  aircraft   should  be  operated 
at thelr   normal  crulslng  speed  and  the  resultant  data  be  used  as  an  average 
conversion  factor  Instructions to  operating  personnel  should  emphaslze 
the wide variances  from  the  average  can  be  expected on any par t icular  
flight 


