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PRELIMPWARY STUJJY OF AIRCRAFT RADAR TARGET SIZE 

SUMFMRY 

Development Center of the  Civil  Aeronautics  Administration at  Indianapolis, 
Indiana, t o  deterrmne the  re la t ive  radar   target  s ize  of three  types of air- 
C r a f t ;  ncuaely, a Trvln Beechcraft 6-18s, a Douglas E-3,  and a Convair 340. 
The measurements were made usfng a modified FPS-8 radar system operating 

held stationary. The f i n a l   r e s u l t s  were obtained  by  averaging  the  data 
a t  1,300 megacycles. Data were recorded  photographically  with  the  antenna 

process, and a final, more accurate  report i s  planned a t  a la te r   da te .  
collected  during  individual measurements. Further  investigations  are  in 

This report  describes a prelaninary  study made at  the  Technical 

InTRoDucTIom 

in  operation and will eontlnue t o   I n s t a l l  more in   t he   fu tu re .  Each radar 
is flight-checked a t  the  time of commissioning and a t  frequent  intervals 
thereaf ter  t o  assure that adequate  performance i s  being  obtained. These 

hovever, with the  Increase i n  number of radar ins ta l la t ions  and the ap- 
flight checks normally  are made using a TwPn Beechcraft 6-18s s i r c ra f t ,  

proaching  obsolescense of the  Twin Beecheraft f o r  this application, it will 
not be practicable  to  continue this pract ice .  In order  that  other  types of 
a i r c r a f t  may be used  fnterchangeably, it was necessary t o  obtain a ta rge t  
size conversion  factor for each a i r c r a f t -  Also, smce   the   t a rge t   s ize  on 

perform tests   using  both types of radars. 
L-band and S-band radars d i f f e r s   fo r  a given a i r c ra f t ,  it was necessary t o  

The CAA has many short- and long-range, surveillance-type  radars 

Most of t he  h o r n  previous  effor ts   to  determine  redar ta rge t   s izes  
of affferent   a i rcraf t   types  have dealt  with  absolute  values  rather  than 
re la t ive  signal stree&h measurement.s. Some work has been  based on caleu- 
la t ions  and other work  on measurements u s m g   a n c r a f t  made1a.l The r e su l t s  

of obtaining  the data and In  the  resul ts ,   that   the  work b s  been of L i t t l e  
of these  absolute measurements have been so inconsistent,  both i n  the methods 

value t o   t h e  CAA. 

t a rge t  is very complex. Variations  caused  by  multiple  propagation  paths 
have a great   effect  on the  strength of the  re turn st@. Aircraft atti- 

performed  by the  M T  Radiation LaboratoPy, it was found that f o r  l f3"  change 
tude also h6s a profound e f f ec t  on the  re turn signal.. I n  tests which were 

in aSPeCt anglet the  return power could change as much as 15 deefbels  (db) 2 
These combined ef fec ts   resu l t  i n  a rapidly  f luctuatmg  re turn which i s  very 
d i f f i c u l t   t o  analyze. 

Previous work has indicated  that   the  nature of an a i rc ref t   radar  

- 'Donald E. Kerr, "Radar Targets and Echoes, Propagation of Short 
Radio Waves, Radiatlon  laboratory  Series, Vol 13, p. 470. 

*Louis N Ridenour, "Properties of Radar Targets, 'I R a d a r  System 
Engineering,  Radiation  Series, Vol 1, p. 76. 
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METHOD USED FOR -S 

t h a t  a large number  of data samples  should  be  recorded  while  the  alrcraft 
were being flown through  the same airspace. The average  target  size  for 
each ancraf t   then   could  be compared It w a s  f e l t  necessary t o  have all 
a i r c ra f t   t ypes   f l y ing   a t   t he  same time, t o  avoid  errors  being  introduced 
by  changes i n  propagation and other   tes t   condi t lons During a given  set  

t o  use f o r  t h i s  azimuth a short  segment of highway so s i tua ted  t h a t   t h e  
of measurements, the  antenna was fixed a t  one azimuth. It was feas ib le  

extended center l ines  of the  highway sement  would pass throu& the radar 
s i t e .  The t e s t   a i r c r a f t  could f l y  along t h i s  hghway, and thus r d n  
i n   t h e   f i x e d  beam of the  radar  antenna  Since  the a i rc raf t ' s  a l t i t ude  
was held  constant when flying  over  the segment, the same volume of a n -  

nautical   miles (nm) and the  midpoints were X) nm from the  radar s i t e  
space  could  be  used  over and over The length of the   t es t   pa ths  was 1.6 

were made a t  a l t i t udes  of 3,000 f e e t  and 3,500 f e e t  mean sea l eve l  (MSL). 
Three different  azimuths, namely, 89", 248",  and 359", were used  Flights 

The ve   t i ca l   lobe   s t ruc ture  of the  antenna  radiation  pattern was calcu- 
la ted,  3 and these  a l t i tudes were selected so that the  volume of airspace 
used   for   the   t es t  was near  the max~m of the  second lobe of the  antenna 
radiat lon  pat tern.  The a i r c r a f t  were  flown  over t h e   t e s t  range in   bo th  di- 

were recorded when the   a i r c ra f t  were flown through  the  fixed  antenna beem 
rect ions;   that  1 6 ,  inbound  and  outbound Aircraft  broadside measurements 

a t  a range  of 20 nm. 

To obtain an accurate  value of re la t ive   t a rge t   s ize ,  it appeared 

which presented  only  the  test  range As the  aircraft   passed  through  the  test  
Target  returns were displayed on a delayed sweep of an oscilloscope 

range, a time  exposure  photograph of the  oscil loscope  presentation was made. 
The horizontal   gr id   l ines  of the  oscilloscope were cahbrated,   using a 

t u d e s   t o   b e   d e t e d n e d .  This pulse was introduced t o  monitor the  radar  sys- 
standard  mcrowave test  set,  thereby  permztting  the  recorded  target ampli- 

tem sensi t ivi ty   cont inual ly .  Thls f ixed  cal ibrat ion  pulse  i s  shown i n  each 
of the  photographs A sample  of t e s t   d a t a  i s  shown i n  Flgs. 1 t o  7, 
incluslve. 

To analyze  the  photographs,  seven  vertlcal  grid  Lnes were drawn 

were analyzed f o r  each of x) inbound  and 20 outbound flights of each air- 
at  equal  intervals  over  the  test  range on each  photograph.  Photographs 

c raf t  Some data were not  usable; however, there  were approximately 120 
samples taken  for each  inbound and each outbound a l r c r a f t .  

RESULTS 

The r e s u l t s   n t h   r e f e r e n c e   t o   t h e  m n  Beechciaft show tha t   t he  
Douglas E - 3  re turn signal was 0 4 db stronger Inbound, 1.1 db weaker 
outbound,  and 2.4 db stronger  broadslde The Convair 340 re turn  s lgnal  was 

broadslde. 
2 . 1  db stronger inbound, 4.2 db weaker  outbound,  and 6 4 db stronger 

3J Francls  ReintJes and  Godfrey T Coate, "Reflectlon From a 
Conductmg  Plane, 'I Principles of Radar, Third  Edxtlon, pp 961-964. 
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since it i s  known that the maxim detectable  range  varies as the   four th  
root of the   target   area which, i n  thms case, i s  proportional  to  recelved 
parer. From this, it can  be s ta ted that the Douglas E-3 can  be  detected at  

Beechcraft  range outbound. The Convair 340 can be  detected at 113 per  cent 
102 per  cent of Tvin  Beechcraft  range inbound, and at 94 per  cent of Twin 

of Twin Beechcrdt  range inbound,  and 79 per  cent of m n  Beechcraft  range 
outbound. 

These results can be  interpreted mn terms of detectable  range 

signal i s  3 1 db stronger (l20 per  cent  range) outbound than inbound, the  
D o W s  E - 3  return simal i s  1 9 db stronger (112 per  cent  range) outbound 
than inbound, and the  Convair 340 re turn  s lgnal  is 2.5 db stronger (116 per 
cent range) inbound than outbound. It should be  noted that the  interpretation 
of photographic data of t h s  type i s  very   d i f f icu l t  and time-consuming 

much as 0.5  db Improved methods of data collectlon and analysis  should  be 
Inaccuracies  in  analyzing the photographs  can readily  be  reaponsible  for as 

made p r i o r   t o  any fur ther  t e s t m g .  

It a lso  i s  of in te res t   to   no te  that the  Tvln  Beechcraft return 

coNcLusIoNs 

It i s  concluded that the Douglas E - 3  and Tvln Beechcraft c-18s 
airplanes  present  approximately  the same average target   areas ,  whereas the  
Convair 340 airplane  presents a larger  average  target inbound,  and a smaller 
average  target outbound. Peak and nul l   re turn  signals f o r  all aircraf t  
t a rge ts  differ Widely from the  averages shown. 

tes ts   are   required,   the   resul ts  of these  tests  nevertheless  are  interesting 
and  should  be useful  in  connection  with  the  flight-testmng of L-band radars 
until refinements  can be made. 

While b e t t e r  methods of recording and analyzing data i n   fu tu re  
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FIG. 3 PHOTOGRAPHS O F  OSCILLOSCOPE  DISPLAYING RADAR RETURNS 
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FIG. 6 PHOTOGRAPHS O F  OSCILLOSCOPE  DISPLAYING  RADAR RETURNS 
VERSUS  RANGE 
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