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FOREWORD 

1 PURPOSE. This handbook is to provide a complete and useful presenta- 
tion of all information necessary for selection of terminal ASR/ATCBI 
radar sites to meet FAA operational requirements. 

2. DISTRIBUTION: This directive is distributed to branch level in the 
Airway Facilities, Air Traffic, and Syste~us Research and Development 
Services and the Office of Flight Operations in Washington headquarters; 
and to branch level in the regional Airway Facilities, Air Traffic, and 
Flight Standards divisions. 

3. CANCELLATIONS. FAA Order AF P 6310.10, "Site Selection of Airport 
Surveillance Radar," is canceled. 

4. BAC KGROUND . 
a. As a result of continued growth in air travel, ever more severe 

demands are being placed upon FAA facilities and personnel. These 
demands have resulted in general upgrading and expansion of all 
FAA radar and signal/data processing capabilities. Inasmuch as 
the site selected for installation of radar and beacon equipment 
has great impact on the operational capability of the equipment 
installed, it is important that all possible care be taken to 
optimize the site selection process. Optimum site selection must 
give appropriate consideration to all of the specific operational 
equipment and economic factors involved. These include radar 
coverage, compatibility with locational restrictions imposed by 
existing FAA facilities and equipment, interference, ground clutter, 
vertical lobing, false targets, reflections, propagation effects, 
environmental effects, land acquisition, site establishment, 
and maintenance costs. 

Preparation of this handbook was undertaken in response to a clear 
need for establishing uniform and technically appropriate practices 
for ASR/ATCBI site selection. Utilization of such practices will 
allow superior future site selection at a lower net long-term cost 
to FAA. The handbook itself was prepared as part of a 6-month 
study of FAA regional site selection practices, and incorporates 
the best of such practices into a single document for general use. 

5. RFLATED DOCUKENTS. The f n f n m a t t o n  conta ined In t h i s  handbook war obtained 
from previous FAA siting documents, FAA headquarters and regional 
engineering personnel, FA4 technical specifications and instruction 
manuals, and other'more general sources. Specific document references 
are made in the text, with a complete reference index at the end of 
the handbook. 
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6 .  APPLICATION. The information and c r i t e r i a  s e t  f o r t h  i n  t h i s  handbook 
a r e  appl icable  t o  t h e  s i t i n g  of new and/or r e loca ted  f a c i l i t i e s ,  and 
t o  t h e  correc t ion  of s i t i n g  problems. 

7 .  SCOPE. 

a .  This handbook covers s i t e  s e l e c t i o n  and r e p o r t  prepara t ion  f o r  
ASR-4B, 5, 6, 7 ,  and 8, and ATCBI-3, 4, 5. System d a t a  and s i t i n g  
procedures presented represent  cu r ren t  p r a c t i c e s  and may requ i re  
pe r iod ic  updating. Charts and graphs incorporated here in  were 
prepared with t h i s  i n  mind, however, so  a s  t o  allow f o r  extended 

' u t i l i t y  even i n  t h e  event of minor handbook modificat ions.  

b. Because of the  assumptions made i n  order t o  reduce t h e  equations 
contained i n  t h i s  handbook t o  a usable  form, t h e  use r  should b e  
aware t h a t  coverage predic ted  by the  techniques described here in  
w i l l  necessa r i ly  be only a c l o s e  approximation t o  t h e  a c t u a l  
coverage obta inable  from a given i n s t a l l a t i o n ,  The p r i n c i p a l  va lue  
of t h e  s e l e c t i o n  techniques and equations presented i s  a s  a r e a l -  
i s t i c  ya rds t i ck  f o r  t h e  comparison of various s i t e s  under 
considerat ion.  

8. HANDBOOK ORGANIZATION. The handbook is organized i n t o  t h r e e  chapters ,  
each covering a major aspect  of t h e  s i t i n g  problem. Chapter 1 pro- 
v ides  a desc r ip t ion  of t h e  radar  and beacon systems with emphasis on 
those  aspects  t h a t  a r e  most re levant  t o  t h e  s i t i n g  engineer. Chapter 
2 conta ins  a desc r ip t ion  of seve ra l  spec ia l  problem a reas  of concern 
i n  radar  s i t i n g ,  and provides d e t a i l e d  technica l  d a t a  t o  a i d  engineers 
i n  optimizing t h e i r  s i t e  se lec t ion .  Chapter 3 dea l s  with t h e  ac tua l  
conduct of a s i t i n g  operat ion.  I t  contains procedur-s  f o r  prel iminary 
s t u d i e s  and s e l e c t i o n ,  s i t e  surveys, da ta  ana lys i s ,  and s i t i n g  repor t  
prepara t ion .  Special  add i t iona l  mater ia l  i s  presented i n  appendixes 
a t  t h e  end of t h e  handbook. 

9. REVISION OF HANDBOOK. Revision of  the  mater ia l  i n  t h i s  handbook w i l l  
be made p e r i o d i c a l l y  a s  required.  Such rev i s ions  w i l l  be i n i t i a t e d  
and con t ro l l ed  by Airway F a c i l i t i e s  Service. Any e r r o r s  noted o r  
changes recommended should be addressed t o  Airway F a c i l i t i e s  Service,  
Attention:  Chief,  AAF-300. 

WARREN C.  SHARP u 
Director ,  Airway F a c i l i t i e s  Service 
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CHAPTER 1. EQUIPMENT CONSIDERATIONS 

SECTION 1 .  INTRODUCTION 

INTRODUCTION. This  chapter  of t h e  ASR/ATCBI s i t i n g  handbook c o n s t i -  
t u t e s  a  s h o r t  review of  t h e  ope ra t ion  of a i r  t r a f f i c  con t ro l  equipment 
commonly i n s t a l l e d  a t  t e rmina l  r ada r  s i t e s .  Topics t o  be covered in -  
c lude  a  b r i e f  d e s c r i p t i o n  of system funct ions  toge the r  with a  d iscus-  
s i o n  of those  system c h a r a c t e r i s t i c s  and parameters which a r e  impor- 
t a n t  t o  s i t e  s e l e c t i o n  o r  s i t i n g  da t a  a n a l y s i s .  I t  should be noted,  
however, t h a t  t h i s  chapter  i s  no t  intended a s  a  comprehensive genera l  
t rea tment  of  r a d a r  and beacon system ope ra t ion ,  bu t  r a t h e r  a s  a  b r i e f  
h i g h l i g h t i n g  of t hose  ASR and ATCBI f e a t u r e s  important t o  s i t e  s e l e c -  
t i o n .  For more d e t a i l e d  textbook t rea tment  t h e  reader  i s  r e f e r r e d  t o  
r e f e rences  1 and 2 .  

SECTION 2.  AIRPORT SURVEILLANCE RADAR 

FUNCTION. 

a .  A s u r v e i l l a n c e  r ada r  c o n s i s t s  b a s i c a l l y  of an antenna,  a  t r a n s -  
m i t t e r ,  a  r e c e i v e r ,  and an i n d i c a t o r .  The t r a n s m i t t e r  genera tes  
s h o r t  pu l se s  of r ad io  energy t h a t  a r e  r a d i a t e d  i n t o  space by t h e  
antenna. A small p o r t i o n  of t h i s  energy i s  r e tu rned  t o  t h e  r a d a r  
a f t e r  s t r i k i n g  r e f l e c t i n g  o b j e c t s .  Echo energy picked up by t h e  
antenna i s  s e n t  t o  t h e  r a d a r  r e c e i v e r  f o r  ampl i f i ca t ion  and detec-  
t i o n ,  and i s  then d isp layed  on an i n d i c a t o r  f o r  ope ra t iona l  pur- 
poses .  S ince  r ada r  energy t r a v e l s  a t  t h e  speed of l i g h t ,  d i s t a n c e  
t o  t h e  r e f l e c t i n g  o b j e c t  can be determined on t h e  b a s i s  of t ime 
r equ i r ed  f o r  t h e  r a d a r  p u l s e  t o  t r a v e l  t o  and from t h e  o b j e c t .  
The bearing of  t h e  t a r g e t  i s  determined by t h e  d i r e c t i o n  i n  which 
t h e  antenna beam i s  poin ted  when t h e  r e f l e c t e d  pu l se  i s  rece ived .  

b .  The Airpor t  Su rve i l l ance  Radar (ASR), a s  i t s  name impl ies ,  i s  a  
s u r v e i l l a n c e  r a d a r  system designed t o  d e t e c t  t h e  presence and lo-  
c a t i o n  of a i r c r a f t  i n  t h e  v i c i n i t y  of an a i r p o r t  t e rmina l  f a c i l i t y  
and allow i t s  con t ro l  from t h e  a i r p o r t  con t ro l  tower TRACON ( t e r -  
minal r a d a r  approach con t ro l )  f a c i l i t y .  (The term TRACON, a s  used 
i n  t h i s  handbook, may be considered a s  in te rchangeable  wi th  t h e  
des igna t ions  f o r  o t h e r  types  of t r a f f i c  con t ro l  f a c i l i t i e s  ( i . e . ,  
TRACAB, IFR room).) Use of ASR equipment i s  extremely important 
t o  t h e  expedi t ious  movement of a i r  t r a f f i c ,  e s p e c i a l l y  during i n -  
clement weather cond i t i ons .  A s  such, t h e  ASR has been designated 
a s  t h e  PRIMARY RADAR t o  d i s t i n g u i s h  i t s  func t ions  from o t h e r  t e r -  
minal r a d a r  equipment. While t h i s  l a t t e r  des igna t ion  may be sub- 
j e c t  t o  a l t e r a t i o n  a s  more s o p h i s t i c a t e d  beacon r ada r s  assume a  
l a r g e r  r o l e  i n  te rmina l  ope ra t ions ,  t h e  n a t u r e  of ASR equipment i s  
such t h a t  i t  w i l l  probably always be r equ i r ed .  A s u r v e i l l a n c e  
r a d a r  i s  t h e  only type  of system capable of providing information 
on t h e  presence and loca t ion  of non-beacon equipped a i r c r a f t  i n  
t h e  c o n t r o l l e d  a i r s p a c e .  
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3.  EQUIPMENT PARAMETERS. The important parameters  and f e a t u r e s  of a l l  
ASR equipments commonly employed a t  FAA t e rmina l s  a r e  t a b u l a t e d  i n  
t a b l e  1-1. 

4 .  AREA COVERAGE. The ASR i s  capable o f  d e t e c t i n g  a i r c r a f t  t h a t  a r e  
wi th in  i t s  l i n e - o f - s i g h t  a s  t h e  antenna r o t a t e s  azimuthal ly through 
360'. The p r e c i s e  reg ion  of a r e a  coverage provided by an k~ i s  de- 
pendent upon (a)  t h e  parameters  of  t h e  p a r t i c u l a r  r a d a r ,  (b) t h e  t a r -  
g e t  being de t ec t ed ,  and (c )  t h e  n a t u r e  of t h e  r ada r  s i t e .  Curren t ly ,  
t h e  FAA u t i l i z e s  Airpor t  Su rve i l l ance  Radars designated a s  ASR-4B, 5,  
6 ,  7, o r  8. (ASR-3 r ada r s  a r e  no t  covered i n  t h i s  d i scuss ion  s i n c e  
a l l  of t h i s  equipment i s  expected t o  be  rep laced  i n  t h e  n e a r  f u t u r e . )  
The p e r t i n e n t  parameters of t hese  systems a r e  presented  i n  t a b l e  1-1, 
and t y p i c a l  v e r t i c a l  coverage c h a r t s  a r e  given i n  f i g u r e s  1-1 through 
1-3. (More d e t a i l e d  coverage c h a r t s  a r e  presented  i n  chap te r  2 . )  I t  
should be  noted t h a t  ASR equipment i s  used both f o r  d e t e c t i o n  of  r e l -  
a t i v e l y  d i s t a n t  a i r c r a f t  and f o r  p o s i t i o n a l  monitor ing of t r a f f i c  very  
nea r  t h e  a i r p o r t .  A i r  t r a f f i c  c o n t r o l l e r s  a r e  des i rous  of maintaining 
continuous ASR coverage of a i r c r a f t  v i r t u a l l y  u n t i l  runway touchdown. 

5. CHARACTERISTICS PERTINENT TO SITE SELECTION. 

a .  Antenna Coverage. The func t ion  of t h e  ASR antenna system i s  t o  
r a d i a t e  t h e  t r a n s m i t t e r  output  energy i n  a  d i r e c t i o n a l  beam, and 
r e c e i v e  t h e  r e tu rn ing  echo energy, pass ing  it  on t o  t h e  r e c e i v e r  
wi th  a  minimum of l o s s .  An e l e c t r o n i c  switching technique i s  used 
t o  switch t h e  antenna from t r a n s m i t t e r  t o  r e c e i v e r ,  thereby  f a c i l -  
i t a t i n g  ope ra t ion  and providing p r o t e c t i o n  aga ins t  r e c e i v e r  over- 
load during t h e  t ime of pu l se  t ransmiss ion .  This  occurs  during 
(nominally) 0 .1% of t h e  p r f  cyc le .  

(1) Antenna P a t t e r n .  Probably t h e  most important a spec t  of an 
an tenna ' s  performance i s  i t s  d i r e c t i v e  r a d i a t i o n  p a t t e r n  
wherein t h e  t r ansmi t t ed  energy i s  concent ra ted  i n  some par -  
t i c u l a r  d i r e c t i o n ( s )  . ASR antennas employ csc20 fan  beam 
p a t t e r n s  a s  i l l u s t r a t e d  i n  f i g u r e s  1-4 and 1-5. The a c t u a l  
r a d i a t i o n  p a t t e r n s  of "as i n s t a l l e d "  ASR antennas w i l l  d i f f e r  
from t h e  f ree-space  p a t t e r n s  shown because of  t h e  e f f e c t s  of 
t h e  ground and o t h e r  nearby o b j e c t s .  

( 2 )  Antenna Gain. The ga in  of an antenna i s  a  q u a n t i t a t i v e  
measure of t h e  power t r ansmi t t ed  i n  a  given d i r e c t i o n  a s  
compared t o  some r e fe rence  s tandard .  Normally an i s o t r o p i c  
r a d i a t o r  i s  used a s  a  re , ference,  and antenna gain i s  given 
i n  dec ibe l s  above t h e  i s o t r o p i c  l eve l  (dBi r ) .  Although an- 
tenna ga in  is  a c t u a l l y  angle  dependent, a  s i n g l e  number, t h e  
maximum value  of t h e  an tenna ' s  ga in ,  i s  f r equen t ly  used t o  
desc r ibe  antenna performance. Maximum gain f o r  ASR antennas 
i s  approximately 34 dBir ,  a s  t abu la t ed  above. 
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FIGURE 1-5. TYPICAL ASR FREE-SPACE ANTENNA AZIMUTH PATTERN 
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( c )  Because of t h e  broad e l e v a t i o n  beam of t h e  ASR antenna,  
- -  - t a r g e t  a l t i t u d e  cannot be determined. Other means a r e  

employed f o r  a c q u i s i t i o n  of t h i s  important information.  
Antenna beamwidths f o r  cu r r en t  ASR systems a r e  t a b u l a t e d  
i n  t a b l e  1-1. 

(4) P o l a r i z a t i o n .  The d i r e c t i o n  of  p o l a r i z a t i o n  of  an antenna i s  
def ined  a s  t h e  d i r e c t i o n  t r a c e d  i n  a  p lane  by t h e  t i p  o f  t h e  
r a d i a t e d  e l e c t r i c  f i e l d  vec to r .  Most r ada r s  a r e  l i n e a r l y  
p o l a r i z e d ;  t h a t  i s ,  t h e  d i r e c t i o n  of t h e  e l e c t r i c  f i e l d  vec to r  
i s  cons tan t  a s  a  func t ion  of t ime. The p o l a r i z a t i o n  may a l s o  
be e l l i p t i c a l  o r  c i r c u l a r .  E l l i p t i c a l  p o l a r i z a t i o n  may be 
considered a s  t h e  combination of  two l i n e a r l y  po la r i zed  waves 
of t h e  same frequency,  t r a v e l i n g  i n  t h e  same d i r e c t i o n ,  which 
a r e  perpendicular  t o  each o t h e r  i n  space.  The r e l a t i v e  ampli- 
tudes  of t h e  two waves and t h e i r  phase r e l a t i o n s h i p  can assume 
any va lues . . .  I f  t h e  wave amplitudes a r e  equal ,  and i f  they  a r e  
900 out of  ( t ime) phase,  t h e  p o l a r i z a t i o n  i s  c i r c u l a r .  C i r -  
c u l a r  and l i n e a r  p o l a r i z a t i o n s  a r e  s p e c i a l  cases  of e l l i p t i -  
c a l  p o l a r i z a t i o n .  More d e t a i l s  on p o l a r i z a t i o n  can be found 
i n  r e f e rences  a 3  and 4. ASR rada r  equipment i s  arranged t o  
ope ra t e  i n  e i t h e r  v e r t i c a l  o r  c i r c u l a r  p o l a r i z a t i o n  a s  s e l e c -  
t e d  by t h e  r a d a r  ope ra to r .  Linear p o l a r i z a t i o n  ( l p )  normally 
produces g r e a t e r  s i g n a l  r e t u r n  because of  h igher  va lues  f o r  
t h e  product  of antenna gain and t a r g e t  c r o s s  s e c t i o n  i n  t h i s  
p o l a r i z a t i o n .  C i r cu la r  p o l a r i z a t i o n  (cp)  i s  used a t  t imes ,  
however, t o  reduce c l u t t e r  produced by r a i n ,  fog ,  o r  o t h e r  
weather d i s tu rbances .  The impact of reduced r a d a r  range tov- 
e rage  dur ing  ope ra t ion  with cp and of  i t s  e f f e c t  on t a n g e n t i a l  
course problems should be considered when e s t a b l i s h i n g  a  r a d a r  
s i t e .  In  t h e  absence of conclus ive  experimental da t a  i nd ica -  
t i v e  of t h e  degree of  cp coverage reduct ion  f o r  a  given a i r -  
c r a f t ,  t h e  d e t e c t i o n  range with cp may be assumed t o  be 
approximately 75% of t h e  range with l p .  This  i s  based upon 
an i n t e r p o l a t i o n  of da t a  from p .  147 of r e f e rence  2.  

(5) Scan Rate. The r a t e  a t  which t h e  ASR fan  beam antenna r o -  
t a t e s  on i t s  pedes t a l  i s  c a l l e d  t h e  scan r a t e .  This  r a t e  i s  
important t o  r a d a r  opera t ion  s i n c e  i t ,  toge the r  w i t h  p r f  and 
beamwidth, determines t h e  number of r a d a r  pu l se s  t h a t  w i l l  
impinge upon a  t a r g e t  during t h e  passage of t h e  sea rch  beam. 
Scan r a t e  i s  equiva len t  t o  t h e  da t a  r e f r e s h  r a t e  suppl ied  t o  
t h e  t r a f f i c  c o n t r o l l e r .  I t  i s  a l s o  important i n  t h i s  r ega rd ,  
s i n c e  c o n t r o l l e r s  normally d e s i r e  a  high r e f r e s h  r a t e .  The 
f i x e d  scan r a t e s  f o r  cu r r en t  ASR1s a r e  t abu la t ed  i n  t a b l e  1-1. 

(6) Pass ive  Horn. 

Chap 1  
Par 5 

(a)  On ASR-8 equipment (as  noted i n  t a b l e  1-1) a  second feed-  
horn i s  employed with t h e  r ada r  r e f l e c t o r  t o  provide  an 
a l t e r n a t e  r ece iv ing  antenna p a t t e r n  t h a t  ach ieves  h ighe r  
i npu t  s i g n a l - t o - c l u t t e r  r a t i o s  f o r  c lo se - in  t a r g e t s .  The 
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dr (7) Antenna Beight 

(a) The installation height of the ASR antenna is important 
to the overall radiation characteristics insofar as these 
are modified by the reflecting of the terrain surface. 
The electrical height for single beam antennas is defined 
by the horizontal center line of the feed horn. This 
height is approximately 8 feet above the,tower platform. 
For dual beam antennas, the electrical height is defined 
as that point on the reflector with maximum energy con- 
centration. This occurs at approximately 10.2 feet above 
the tower platform. * 
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b.  S i e n a l  C h a r a c t e r i s t i c s .  

(1) Frequency. The r f  opera t ing  frequency of  ASR equipment i s  
a d j u s t a b l e  over approximately 200 MHz a s  noted i n  t a b l e  1-1. 
S e l e c t i o n  of t h e  a c t u a l  opera t ing  frequency f o r  a  given ASR 
i n s t a l l a t i o n  should be made a t  t h e  time of s i t i n g ,  based upon 
i n t e r f e r e n c e  cons ide ra t ions .  This may be done by c o l l e c t i o n  
of information on t h e  opera t ing  frequency o f  a l l  nearby r a d a r  
and/or  communications equipment and s e l e c t i o n  of a  nonin ter -  
f e r i n g  ASR opera t ing  frequency. S e l e c t i o n  should cons ider  
t h e  harmonic content  of p o t e n t i a l  i n t e r f e r i n g  s i g n a l s  a s  wel l  
a s  t h e  fundamental f requency.  ASR frequency s e l e c t i o n  i s  
made by reg ional  Frequency Management Divis ion personnel .  

( 2 )  Pulse Duration. The dura t ion  of  t h e  t r ansmi t t ed  pu l se  e s t ab -  
l i s h e s  t h e  range r e s o l u t i o n  c a p a b i l i t y  of  t h e  r a d a r ,  t h e  
range dimension of each i l l umina ted  ground c l u t t e r  pa t ch ,  t h e  
r equ i r ed  r e c e i v e r  bandwidth, and t h e  minimum range of t h e  
r a d a r .  Pulse dura t ion  is  f i x e d  f o r  a l l  FAA r ada r  systems, a s  
i nd ica t ed  i n  t a b l e  1-1. 

(3)  Pulse-Repet i t ion  Frequency (PRF) . 

(a) The number of r ada r  pu l se s  t r ansmi t t ed  pe r  second i s  
known as  t h e  p u l s e - r e p e t i t i o n  frequency. PRF d e t e r -  
mines t h e  maximum unambiguous range of t h e  r a d a r ,  
beyond which second-time-around ( o r  o t h e r  mu l t ip l e )  
echoes can appear a s  c l o s e - i n  t a r g e t s .  This i s  shown 
i n  f i g u r e  1-9. Ord ina r i l y ,  however, s u r v e i l l a n c e  r ada r s  
a r e  designed s o  a s  not  t o  conta in  range ambigui t ies  
wi th in  t h e  a r e a  of  d e s i r e d  coverage. In  a d d i t i o n  t o  
c o n t r o l  of ambigui t ies ,  p r f  i s  important  t o  m t i  per -  
formance and i n  determinat ion of  t h e  number of pu l se s ,  
M, impinging upon t h e  t a r g e t  during a  r ada r  scan.  This 
i s  found from t h e  r e l a t i o n s h i p  

where 

8 = antenna azimuth beamwidth (deg.) 
a  

f  = r a d a r  p r f  (Hz) 
r 

w = scan r a t e  (rpm) r 
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A p l o t  of t h i s  equat ion i s  shown i n  f i g u r e  1-10. A s  
w i l l  be  seen below, t h e  number of pu l se s  ( h i t s )  p e r  scan 
i s  important  t o  performance of  t h e  video i n t e g r a t o r  
(enhancer) . 
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(b) Conventional s i n g l e -  o r  double-delay l i n e  cance le r s  
produce response c h a r a c t e r i s t i c s  which a r e  p ropor t iona l  
t o  s i n  (7TfdT) o r  s i n 2  ( ~ f d ~ ) ,  r e s p e c t i v e l y ,  a s  i l l u s -  
t r a t e d  i n  f i g u r e  1-11. In o rde r  t o  a l t e r  cance le r  per -  
formance t o  more nea r ly  approach t h e  optimum s i t u a t i o n ,  
feedback networks a r e  f r equen t ly  employed t o  provide 
v e l o c i t y  shaping of t h e  cance le r  frequency response 
c h a r a c t e r i s t i c .  This  technique i s  used i n  most ASR 
systems and i s  arranged i n  such a  manner a s  t o  provide  
a  degree of adjustment i n  t h e  system v e l o c i t y  response.  

(c) A s  may be noted,  a  convent ional  m t i  system has  no 
response t o  r e t u r n  s i g n a l s  whose Doppler f requency i s  
a  mu l t ip l e  o f  t he  r a d a r  p r f .  This  means t h a t  t a r g e t s  
t r a v e l i n g  a t  r a d i a l  v e l o c i t i e s  corresponding t o  t h e s e  
f r equenc ie s  cannot be de t ec t ed  i n  t h e  m t i  r e c e i v e r .  
The troublesome v e l o c i t i e s  a r e  known as  "b l ind  speeds" 
and may be determined from t h e  express ion  

where 

v  = nth b l i n d  speed ( i n  knots)  bn 

f r  = p r f  ( i n  H z )  

f  = r ada r  r f  ( i n  MHz) 

(d) Common A S R  systems a r e  b l i n d  t o  t a r g e t  r a d i a l  v e l o c i t i e s  
which a r e  mu l t ip l e s  of about 73-125 knots ,  we l l  w i th in  
t h e  reg ion  of expected t a r g e t  v e l o c i t i e s .  S ince  t h i s  
could p re sen t  a  s eve re  problem t o  d e t e c t i o n  of c e r t a i n  
t a r g e t s  i n  c l u t t e r ,  ASR systems employ a  p r f  s t agge r  
wherein t h e  r e p e t i t i o n  frequency i s  j i t t e r e d  on a l t e r -  
n a t e  pu l se s  al lowing e l imina t ion  of many of  t h e  b l i n d  
speeds. In  p r f  s t a g g e r  ope ra t ion  t h e  f i r s t  t r u e  b l i n d  
speed of  ASR systems occurs  a t  approximately 800-1,250 
knots ,  wel l  beyond t h e  v e l o c i t y  reg ion  of  i n t e r e s t .  
This is  i l l u s t r a t e d  i n  f i g u r e  1-12 which d e p i c t s  t h e  
t h e o r e t i c a l  response f o r  a  9:11 (two per iod)  s t a g g e r  
r a t i o .  I t  should be  noted from t h e  f i g u r e  t h a t  whi le  
t h e r e  a r e  no t a r g e t  v e l o c i t i e s  of  i n t e r e s t  t o  which t h e  
r a d a r  i s  t r u l y  b l i n d ,  t h e  m t i  r e c e i v e r  response i s  by 
no means cons tan t  f o r  a l l  v e l o c i t i e s .  The response i s  
markedly reduced, f o r  example a t  vb l .  This r educ t ion  
i n  response,  which may exceed 10 dB i n  some cases ,  
should be  c a r e f u l l y  considered during r a d a r  s i t i n g  
s i n c e  i t  may in f luence  range coverage f o r  c e r t a i n  t a r -  
g e t s  and approaches. 
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FIGURE 1-12. 

TYPICAL MTl CANCELER RESPONSE WITH PRF STAGGER 
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conjunct ion with a  csc28 antenna c r e a t e s  some problems, 
however, i n  t h a t  coverage of t a r g e t s  a t  high e l eva t ion  
ang le s  and extremely low e l e v a t i o n  angles  i s  s i g n i f i -  
c a n t l y  reduced. This  e f f e c t  i s  i l l u s t r a t e d  i n  f i g u r e  
1-13 f o r  a  t y p i c a l  case .  

(c )  In  most ASR systems, s e v e r a l  types of s e n s i t i v i t y  con- 
t r o l  a r e  now employed which al low t h e  r a d a r  ga in  t o  be 
va r i ed  a s  a  func t ion  of R-N,  where N may be ad jus t ed  
over  some, o r  a l l ,  of t h e  reg ion  between N = 1 and N = 4 .  
A s  mentioned above, ga in  v a r i a t i o n  p ropor t iona l  t o  R - ~  
i s  t h e  convent ional  form of s t c .  Some of t h e  o t h e r  ga in  
contours  (and v a r i a b i l i t y  i n  t h e  range po in t  where a t t e n -  
ua t ion  i s  introduced)  were implemented f o r  reducing t h e  
v i s i b i l i t y  of small  unwanted t a r g e t s .  The f e a t u r e s  i n  
t h e s e  cases  were c a l l e d  c r o s s  s e c t i o n  s e n s i t i v i t y  ( c s s ) .  
Nomenclature has s i n c e  been a l t e r e d  t o  r e f e r  t o  t h e  
var ious  s e n s i t i v i t y  con t ro l  curves a s  s t c - 1 ,  s t c - 2 ,  e t c .  

(d) I t  is  important t h a t  s t c  opera t ion  be considered a t  t h e  
t ime of r ada r  s i t i n g .  Se l ec t ion  of a  r a d a r  s i t e  wi th  
minimum c l u t t e r  w i l l  enable  t h e  s t c  technique t o  perform 
opt imal ly  i n  removing c l u t t e r  without  impair ing r ada r  
coverage on t a r g e t s  of i n t e r e s t .  I n  an i d e a l  s i t u a t i o n ,  
c l u t t e r  would be s o  low t h a t  only a  minimal amount of 
s t c  would be requi red ,  enough t o  render  small  unwanted 
t a r g e t s  and t h e  r e s i d u a l  c l u t t e r  i n v i s i b l e ,  bu t  no t  
enough t o  cause much d e t e r i o r a t i o n  i n  high ang le  coverage 

(5) Range/Azimuth Gating (RAG). New ASR-8 r a d a r  equipment w i l l  
conta in  a  r ag  genera tor  which w i l l  genera te  a  v a r i e t y  o f  pro- 
gramable azimuth/range windows, azimuth g a t e s ,  and range 
g a t e s .  Some of t h e s e  a r e  o u t l i n e d  b r i e f l y  below: 

(a )  Video Gating. The r ag  w i l l  provide f o r  s e l e c t i o n  of one 
of two video s i g n a l s  on range/azimuth b a s i s .  This w i l l  
normally be used f o r  gating-between m t i  and normal video.  
The r ag  w i l l  have t h e  c a p a b i l i t y  of gene ra t ing  20 range/ 
azimuth ga t ing  windows, beginning a t  zero range and ad- 
j o in ing  i n  azimuth. Ten a d d i t i o n a l ,  a d j u s t a b l e ,  i s o l a t e d  
g a t i n g  windows w i l l  a l s o  be provided f o r  t h i s  purpose. 

(b) Antenna Beam Switching. A s  d i scussed  above, t h e  r ag  w i l l  
a l s o  al low switching from high t o  low beam antenna a t  
s e l e c t a b l e  range i n  e i g h t  contiguous azimuth reg ions  and 
a t  four  a d d i t i o n a l  i s o l a t e d  range/azimuth g a t i n g  windows. 

(c) S tagger  Operat ion.  The rag  w i l l  provide t h e  c a p a b i l i t y  
f o r  swi tch ing  from a p r f  s t a g g e  t o  a  nonstagger ope ra t ion  
on an azimuth b a s i s .  Four i s o l a t e d  windows w i l l  b e  pro-  
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The added capability of the ASR-8 provided by the rag should be 
considered at the time of siting, since it may allowan increase 
in the number of potentially acceptable site locations. 

SECTION 3. AIR TRAFFIC CONTROL RADAR BEACON SYSTEM 

6. FUNCTION. 

a. The Air Traffic Control Radar Beacon System (ATCRBS) is designed to 
provide an enhanced radar detection and location capability for con- 
trol of properly equipped aircraft. The system is employed at both 
terminal and enroute FAA radar sites and is of extreme'importance to 
the efficient control of aircraft, especially during poor weather 
conditions. 

b. With ATCRBS, detection of aircraft is dependent upon reception of 
reply signals fzom an airborne transponder device,a processnormally 
much more reliable than conventional radar surveillance. The basic 
ATCRBS components include an interrogator, a transponder, and an 
indicator. The Air Traffic Control Beacon Interrogator (ATCBI) 
transmitterlantenna radiates short-coded pulses at a fixed frequency 
of 1030 MHz. This signal, when received and validated by an antenna/ 
transponder unit aboard an aircraft, initiates generation of a reply 
pulse train at 1090 MHz. 

c. Detection occurs when this replay signal is picked up by the inter- 
rogating antenna, processed, and displayed on a TRACON indicator. 
Target bearing and range are determined from the antenna pointing 
angle and signal propagation time, much as for a skin-track radar. 
The range determination takes into account the time delay introduced 
by the airborne transponder unit. ATCRBS and ASR transmissions are 
synchronized such that the video output from each can be displayed, 
in proper alinement, on the same indicator. Additional information 
can be provided by the beacon system since the reply pulse train need 
bear no particular relation to the interrogation signal. The reply 
signal is usually coded to provide the controller with aircraft 
altitude and/or identification information. 

d. The ATCRBS has been designated as the SECONDARY RADAR to distinguish 
its function from other FAA radar equipment. As more a?d more air- 
craft become beacon-equipped, however, this designation is likely to 
be altered as the ATCRBS assumes a larger role in traffic control 
operations. Indeed., for many high density comercial terminals, 
ATCRBS is already the dominant factor in control operations. As such, 
ATCRBS should receive couanensurate attention at the time of site 
selection. 

* 7. EQUIPMENT PARAMETERS. The important parameters and functions of all 
ATCBI equipments commonly employed at FAA terminal facilities are tabu- 
lated in tables 1-2a and 1-2b. * 
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8. AREA COVERAGE. 

a. The ATCRBS is capable of detecting aircraft within its line-of-sight 
at very long range. This is due to the high power capability of the 
equipment, required when it is used in en route applications, and the 
fact that propagation losses vary only as R'~ for a one-way beacon path, 
rather than the R-' variation experienced by ordinary radar. In addi- 
tion, the separatetransmitting andreply frequencies eliminate ground 
clutter and weather return problems. The precise regionof coverage 
provided by the ATCRBS is dependent upon (1) the parameters of the 
particularinterrogator, (2) the nature of the airborne transponder, 
and (3) the radar site characteristics. The FAA is now using inter- 
rogators designated as ATCBI-3, 4 and 5. The pertinent parameters 
of these syst'ems are presented in Tables 1-2a and 1-2b. * 

b. Coverage may be determined from the characteristics of the link. 
This is taken up in some detail in chapter 2, but illustrated in 
figure 1-14. The plot shows maximum ATCBI range coverage (on the 
nose of the antenna beam) for various values of interrogator power 
and transponder sensitivity. Because of the dual (en route and ter- 
minal usage of ATCBI equipment, its area coverage capability is far 
beyond that required for terminal operation alone. For this reason, 
considerable powerreduction is required withterminalATCB1 equipment 
to avoid interrogation of aircraft beyond the region of interest. 
Equipment should normally be operated at the lowest output power 
which will permit reliable coverage of the requiredterminal airspace. 
This practice will tend to minimize local interference and overinter- 
rogation of aircraft transponders, and will reduce the fruit produced 
in more distant facilities. 

9. CHARACTERISTICS PERTINENT TO SITE SELECTION. 

a. Antenna Coverage. The purpose ofthemainATCB1 antennasystem is to 
efficiently radiate the interrogation pulse energy in a directional 
beamand toreceive returning transponder reply signals, sending them 
ontotheATCB1 receiver for processing. The use of a tuned diplexer 
provides isolation between the transmitter and receiver sections of 
theinterrogator since these operateat differingfrequencies (1030 MHz 
and 1090 MHz respectively). A secondary omnidirectional transmitting 
antenna is also used in ATCBI installations. The characteristics of 
each are described below. 

(1) Directional Antenna. 

(a) Antenna pattern. The directionalradiation ofthemain ATCBI 
antenna describes a fan beam pattern as illustrated in 
figures 1-15, 1-16, 1-17, 1-18, 1-18A, and 1-18B for the 
various antennas in use. * 

(b) Antenna Gain. As mentioned above, the gain of an antenna 
is a quantitative measure of directivity compared to a 
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FIGURE 1-15. TYPICAL FREE-SPACE ELEVATION PATTERN 
FOR ATCBI- 3 ANTENNA (FA- 7202) 
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FIGURE 1-17. TYPICAL FREE-SPACE ELEVATION PATTERN 
FOR ATCBI-4 ANTENNA (FA-8043) 
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FIGURE -- - I-18A TYPICAL FREE SPACE ELEVATION RADIATION 
PATTERN FOR ATCBI ANTENNA FA-9764  
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reference standard (normally an isotropic radiator); its 
maximum value is used as a measureof antennaperformance. 
As noted in table 1-2, current ATCBI antennas have a gain 
of 21 dBir. 

(c) Beamwidth. Since ATCBI equipment must perform a function 
similar to thht of the primary radar, antenna beamwidth 
requirements are also similar. The 3 dB azimuth ATCBI 
beamwidth is narrow (' 2.350 for all of the antennas used) 
to provide good target resolution, and elevation beamwidth 
is broad (' 360 to - 519) for good vertical coverageofthe 
surveillance area. csc29 weighting is not used in the verti- 
cal fan beam. Due to the narrow vertical aperture, beacon 
coverage extends to much higher elevation angles than does 
ASR coverage. FAA's newest ATCBI antenna, FA-9764, has an 
increased vertical aperture (- 5 ft) to achieve sharper 
cutoff,of the radiation pattern at low elevation angles, 
thereby reducing reflected path target interrogations. * 
Beacon target attitude information is derived from coded 
data in the reply signal. 

( d )  Polarization. ATCRBS equipment, because of the requirement 
for cooperative operation of both ground and airborneequip- 
ment, operates only with vertical polarization. 

(e) Scan Rate. Because of its mountingatop theASR antenna re- 
flector, ATCBI scan rates are necessarily the same as that of 
the primary radar with which they are associated. In ter- 
minal installations this varies between 12% and 15 rpm 
depending on the ASR system used. 

(2) Omnidirectional Antenna. In allATCBI installationsa supplemen- 
tary, fixed, omnidirectionalantenna isemployed inconjunctionwith 
the useof aside-lobe suppression(s1s) system. SLS,which is 
describedbelow, utilizesthe omnidirectionalantenna tosuppress 
interrogationsof properlyequipped transpondersvia side-lobe 
transmissionpaths. Inaddition, useof improvedsls suppresses 
interrogationsof properlyequipped aircraft transponders via re- 
f l e c t i o n s f r o m n e a r b y o b j e c t s .  Theelevation patternof thisantenna 
is given in figure 1-1 9. Maximum gain is 4 dBir . The antenna is ver- 
tically polarized. 

b. Signal Characteristics. 

(I) Typical beacon interrogators transmit a sequential series of 
three 0.8 us pulses,designated Pl,P2, andP3, eachat afrequency 
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of 1030 MHz. -The basic fi and P3-interrogation pulse pair is 
radiated by the ATCBI directional antenna, and the spacing be- 
tween these pulses determines the interrogation mode. For each 
interrogation, the elicited transponder reply (at 1090 HHz) 
comprises up to 16 pulses spaced at multiples of 1.45 us. Two 
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of  t h e  p u l s e s  a r e  a lways p r e s e n t  t o  d e f i n e  t h e  p u l s e  t r a i n ;  t h e  
o t h e r  p u l s e s  c o n t a i n  t h e  coded d a t a  ( u s u a l l y  i d e n t i t y  o r  a l t i -  
t u d e )  r e q u e s t e d  by t h e  i n t e r r o g a t o r  mode s e l e c t i o n .  (The spe- 
c i f i c  a i r c r a f t  i d e n t i t y  code used  is  a s s i g n e d  by t h e  a i r  t r a f f i c  
c o n t r o l l e r  th rough  v o i c e  communication. A l t i t u d e  d a t a  i s  an 
a u t o m a t i c  s t a n d a r d  d i g i t a l  coding o f  t h e  a i r c r a f t  p r e s s u r e  
a l t i m e t e r  i n  100-foot  inc rements . )  

(2)  S i x  p o s s i b l e  modes ( d e s i g n a t e d  mode 1, mode 2 ,  mode 3/A, mode B,  
mode C,  and mode D), may be  used ,  b u t  u s u a l l y  on ly  modes 3/A 
(common i d e n t i t y )  and C (common a l t i t u d e )  are used  i n  a i r  t r a f -  
f i c  c o n t r o l .  I t  is common t o  i n t e r l a c e  t h e s e  two modes on a 1:l 
o r  2 : l  b a s i s  t o  upda te  i d e n t i t y  and a l t i t u d e  d a t a  on each  s c a n  
o f  t h e  ground based a n t e n n a .  S p e c i a l  r e p l y  code p r o v i s i o n s  en- 
a b l e  t h e  p i l o t  t o  d e c l a r e  a n  emergency o r  a communications f a i l -  
u r e .  Also,  one o f  t h e  r e p l y  p u l s e s  can be  used  f o r  s p e c i a l  
i d e n t i f i c a t i o n  i f  t h e  same i d e n t i t y  code h a s  been r e d u n d a n t l y  
a s s i g n e d  t o  two o r  more a i r c r a f t  w i t h i n  t h e  s u r v e i l l a n c e  volume. 
D e t a i l s  of i n t e r r o g a t o r  and r e p l y  p u l s e  s p a c i n g  are t a b u l a t e d  i n  
t a b l e  1-3. Ex'ample p u l s e  t r a i n s  a r e  i l l u s t r a t e d  i n  f i g u r e  1-20. 

(3 )  I n  a d d i t i o n  t o  P 1  and P3 t r a n s m i s s i o n s  v i a  t h e  ATCBI d i r e c t i o n a l  
a n t e n n a ,  i n t e r r o g a t o r s  a l s o  r a d i a t e  a  P2 p u l s e  v i a  a  c o l o c a t e d  
o m n i d i r e c t i o n a l  a n t e n n a .  T h i s  i s  done a ~ - ~ a r t  of a n  sls system.  
I n  an  improved v e r s i o n  of sls, t h e  P1 p u l s e  i s  a l s o  r a d i a t e d  
from t h e  o m n i d i r e c t i o n a l  an tenna .  These s p e c i a l  ATCBI f e a t u r e s  
a r e  d i s c u s s e d  i n  a  subsequen t  pa ragraph .  

(4 )  The ATCBI t r a n s m i t t e r  g e n e r a t e s  coded p u l s e  t r a i n s  much as de- 
s c r i b e d  above,  a t  t h e  r a t e  of 150-450 i n t e r r o g a t i o n s  p e r  second.  
Beacon o p e r a t i o n  i s  a r r a n g e d  t o  complement t h a t  of t h e  a s s o c i -  
a t e d  ASR equipment.  I n  a s s o c i a t e d  o p e r a t i o n ,  t h e  beacon an tenna  
r o t a t e s  i n  synchronism w i t h  t h e  pr imary r a d a r  an tenna  and t h e  
beacon t r i g g e r s  a r e  synchron ized  w i t h  t h e  r a d a r  p r e t r i g g e r .  By 
s p a c i n g  t h e  pr imary r a d a r  and beacon i n t e r r o g a t o r  t r a n s m i s s i o n s  
i n  t ime,  t o  a l l o w  f o r  t h e  d i f f e r e n t  r o u n d - t r i p  d e l a y s ,  i t  is  
p o s s i b l e  t o  d i s p l a y  t h e  r e t u r n s  from b o t h  superimposed on t h e  
same p l a n  p o s i t i o n  i n d i c a t o r  ( p p i )  d i s p l a y .  I n  t h i s  way, r e -  
t u r n s  from a i r c r a f t  w i t h o u t  beacon c a p a b i l i t y  can be viewed on 
t h e  same d i s p l a y  w i t h  t h e  beacon r e t u r n s .  

( a )  E. The r a t e  a t  which t h e  i n t e r r o g a t i o n  p u l s e  program is  
t r a n s m i t t e d  i s  termed i t s  p r f .  Th i s  r a t e  i s  a d j u s t a b l e  be- 
tween 150 and 450 Hz. T h i s  ad jus tment  is impor tan t  t o  
equipment i n s t a l l a t i o n  i n s o f a r  a s  i t  must be kep t  d i f f e r e n t  
from o t h e r  ATCBI equipment i n  t h e  v i c i n i t y .  S e l e c t i o n  of a  
unique p r f  f o r  beacon o p e r a t i o n  enhances t h e  c a p a b i l i t y  of 
i t s  v i d e o  d e f r u i t i n g  equipment ,  t h e r e b y  r e s u l t i n g  i n  i m -  
proved ATCBI performance.  I n  j o i n t  ASR/ATCBI i n s t a l l a t i o n s ,  
t h e  ATCBI p r f  i s  d e r i v e d  by d i r e c t  countdown ( 1 / 3 , 1 / 2 , e t c . )  * 
from t h e  b a s i c  p r f  of t h e  ASR equipment .  Because of t h i s  
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Figure -4- 20. STRUCTURE OF INTERROGATION PULSE PAIRS AND 
REPLY CODE PULSE GROUP 
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(b) With t h e  sls f e a t u r e ,  normal d i r e c t i o n a l  r a d i a t i o n  of  P1 
and P3 pulses  is augmented by r a d i a t i o n  of a cont ro l  
pulse ,  P2, from an omnidirect ional  antenna. The P2 
pulse ,  which always fol lows t h e  P1 pulse  by 2 u s ,  i s  com- 
pared i n  amplitude with P 1  i n  transponders equipped with 
sls c i r c u i t r y .  The pu l se  amplitude comparison i s  imple- 
mented by a desens i t i za t ion  technique. Upon r e c e i p t  of  
a pu l se  more than 0 .7  us i n  dura t ion ,  t h e  transponder 
r e c e i v e r  i s  desens i t i zed  t o  a l e v e l  which i s  wi th in  9 dB 
of (but not  exceeding) t h e  amplitude of  t h e  desens i t i z -  
ing  pulse .  Recovery i s  approximately l i n e a r  over a 
15 us i n t e r v a l .  

When t h e  P1 pu l se  amplitude is  9 dB (or  more) g r e a t e r  
than t h e  P2 pulse  amplitude, i n d i c a t i v e  of  main beam 
in te r roga t ion ,  t h e  P2 pulse  i s  not  de tec ted  due t o  de- 
s e n s i t i z a t i o n ,  and a transponder r ep ly  is generated 
a f t e r  recept ion  of  t h e  P3 pulse .  I f  t h e  P1 and P2 pulse  
amplitudes a r e  equal ,  c l e a r l y  ind ica t ing  a s ide- lobe  
transmission path ,  t h e  P2 pu l se  i s  detec ted  desp i t e  r e -  
ce ive r  desens i t i za t ion  and t h e  transponder 's  reply  capa- 
b i l i t y  i s  suppressed f o r  a period of  35 2 10 us. Fig- 
u re  1-22 i n d i c a t e s  t h e  pu l se  timing and amplitude 
re l a t ionsh ips  of t h e  sls system. 

(d) Whereas ring-around is e f f e c t i v e l y  con t ro l l ed  by sls , 
t h e  technique i s  not  as  e f f e c t i v e  i n  removing t h e  
e f f e c t s  of r e f l e c t i o n s  o r  mult ipath.  Under t h i s  con- 
d i t i o n  f a l s e  t a r g e t s  a r e  generated when main beam 
energy from t h e  ATCBI d i r e c t i o n a l  antenna success fu l ly  
i n t e r r o g a t e s  a transponder v i a  a r e f l e c t e d  s i g n a l  pa th .  
When t h i s  occurs,  i n  addi t ion  t o  t h e  proper t a r g e t  d i s -  
play,  a f a l s e  t a r g e t  i s  displayed a t  t h e  azimuth of t h e  
r e f l e c t e d  path and a t  a range corresponding t o  i t s  
length. This i s  i l l u s t r a t e d  i n  f i g u r e  1-23. 

(e) Under t h e  condit ion where t h e  d i r e c t  pa th  s ls  P2 pulse  
and d i r e c t i o n a l  antenna s ide- lobe  P1 and P3 pulses  a r e  
received by the  transponder, a 35 2 10 p s  suppression 
ga te  i s  generated which prevents  some r e f l e c t e d  path 
in te r roga t ions .  This i s  i l l u s t r a t e d  i n  f i g u r e  1'24. 
Several  condit ions can occur, however, i n  which the  sls 
system i s  not a b l e  t o  prevent successful  r e f l e c t e d  path 
in te r roga t ions .  These include:  

1. Target ranges where d i r e c t  path main ( d i r e c t i o n a l )  - 
antenna s ide- lobe  (PI pulse)  energy i s  below t h e  
transponder s e n s i t i v i t y  threshold.  
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2. Path arrangements where the  r e f l e c t e d  pulses  a r e  - 
received more than 35 2 10 u s  a f t e r  d i r e c t  path 
pulses ,  
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FIGURE 1-23. EFFECT OF REFLECTED PATH BEACON OPERATION 
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3 .  Path arrangements where t h e  r e f l e c t e d  p u l s e s  a r e  - 
rece ived  l e s s  than  2 p s  a f t e r  d i r e c t  pa th  pu l se s .  

( f )  These s i t u a t i o n s  a r e  shown diagrammatically i n  f i g u r e  
1-25. In  each case ,  r e f l e c t e d  f a l s e  t a r g e t s  can be gen- 
e r a t e d  d e s p i t e  t h e  presence  of  sls c i r c u i t r y .  

(2) Improved Side-lobe Suppression (ISLS). 

(a)  Most ATCBI equipment now inco rpora t e s  an is ls  system 
designed t o  provide a d d i t i o n a l  immunity a g a i n s t  t h e  
e f f e c t s  of  r e f l e c t e d  pa th  i n t e r r o g a t i o n .  This  i s  ac-  
complished by al lowing t h e  omnidi rec t iona l  antenna t o  
t r ansmi t  t h e  P1 i n t e r r o g a t i o n  p u l s e  a s  we l l  a s  t h e  P2 
con t ro l  p u l s e .  D i rec t iona l  antenna t ransmiss ion  i s  
unchanged. 

(b) In  a  r e f l e c t e d  pa th  s i t u a t i o n ,  t h e  isls provides t h e  
t ransponder  with cons iderably  h ighe r  d i r e c t - p a t h  P1 
p u l s e  ampli tudes,  thus  more r e a d i l y  al lowing t h e  es tab-  
l ishment of a  suppress ion  g a t e  i n  t h e  a i rbo rne  u n i t .  
This  e f f e c t  i s  i l l u s t r a t e d  i n  f i g u r e  1-26; i t  reduces 
t o  a  cons iderable  degree t h e  condi t ion  of unsuccessful  
s 1s ope ra t ion  descr ibed  i n  subparagraph 9c (1) (e) 1. 
The t ime- re l a t ed  sls d e f i c i e n c i e s  noted a r e  unafTected 
by t h e  inco rpora t ion  of  i s l s ,  however. I t  should 
t h e r e f o r e  be  noted t h a t  s e v e r a l  condi t ions  s t i l l  occur 
f o r  which t h e  isls system i s  incapable of  prevent ing 
succes s fu l  r e f l e c t e d  path i n t e r r o g a t i o n ,  and hence f a l s e  
t a r g e t s .  These inc lude :  

1. Target  ranges where d i r e c t  pa th  omnidi rec t iona l  - 
antenna energy i s  below t h e  t ransponder  threshold .  
This can occur  due t o  blockage e f f e c t s  i n  add i t i on  
t o  range a t t e n u a t i o n .  Assuming no blockage, t h e  
maximum range a t  which a  suppression g a t e  can be 
genera ted  can be found from f i g u r e  1-27. 

2. Path arrangements where t h e  r e f l e c t e d  pu l se s  a r e  - 
rece ived  more than  35 2 10 us a f t e r  d i r e c t  pa th  
pulses  ( i . e . ,  a f t e r  t h e  te rmina t ion  o f  a  suppression 
g a t e ) .  This e f f e c t  may be determined from f i g u r e  
1-28, which a p p l i e s  t o  both s ls  and is ls  ope ra t ion .  
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3 .  Path arrangements where t h e  r e f l e c t e d  pu l se s  a r e  - 
rece ived  l e s s  than  2 us a f t e r  d i r e c t  p a t h  pu l se s  
( i .  e . ,  be fo re  a  suppression g a t e  can be formed). 
This  e f f e c t  may be determined from f i g u r e  1-29, 
which a p p l i e s  t o  both s l s  and i s l s  ope ra t ion .  
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FIGURE 1-26. ISLS VS. SLS COMPARISON 
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Figure 1- 28. SLS/ISLS FALSE TARGET SUPPESSION CAPABILITIES FOR PATH DELAYS L 35 fi  s~ 
7/20/76 I 
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Mathematical expreskion f o r  
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s ion  ac t ion .  
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With an incident  angle of 90°, t h e  35 ws'delay 
i s  reached when the  r e f l e c t o r  i s  17,225 f t  from t 
radar .  When t h i s  distance i s  l e s s  than 17,225 f t  
f a l s e  t a r g e t  suppression w i l l  be e f fec t ive .  I f  t 
d i s tance  i s  g rea te r  than 17,225 f t ,  f a l s e  t a r g e t  
suppression w i l l  not occur due t o  exp i ra t ion  of t 
suppression ga te  time. 

Example : 

For Dg = 30,000 f t  and a = 55O, 
Dl + D2 = 108,000 f t .  

For D + D2 > 108,000 f t ,  the re  w i l l  be 
no f a l s e  t a r g e t  suppression. 

I I 

For D l  + D2 < 108,000 f t ,  f a l s e  
t a r g e t  suppression w i l l  be 
e f fec t ive .  

This f a l s e  t a rge t  range, beyond 
which suppression act ion i s  
i n e f f e c t i v e ,  is  a t  a  minimum 
when t h e  r e f l e c t o r  (D2) is  
a t  40,500 f t .  
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Figure 1-29. SLS/ISLS FALSE TARGET SUPPESSION CAPABILITIES FOR PATH DELAYS 5 2 s? 
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r e f l e c t e d  d i r ec t iona l  energy and the  d i r e c t  
omni energy t o  t r i g g e r  transponder suppres- 
s ion  ac t ion .  

With an inc ident  angle o f  90°, t h e  2 p s ~ d e l a y  i s  
reached when the  r e f l e c t o r  is 986 f t  from the  radar.  
When t h i s  d is tance  i s  g r e a t e r  than 986 f t ,  f a l s e  t a rge t  
suppression w i l l  occur.  I f  t h e  d is tance  i s  l e s s  than 
986 f t ,  f a l s e  t a r g e t  suppression w i l l  not  occur. 

0 Example: /I / I  I ' 
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For D l  + D2 ) 7250 f t ,  t he re  w i l l  be f a l s e  
t a r g e t  suppression. 

For D + Dp ( 7250 f t ,  t he re  w i l l  not 
be f a l s e  t a rge t  suppression.  

This f a l s e  t a r g e t  range, beyond 
which ac t ive  suppression ac t ion  
occurs ,  can be minimized by 
moving the  r e f l e c t o r  (D2) 
t o  2750 f t .  
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While t h e  isls technique has u t i l i t y  i n  many applica-  
t i o n s ,  i t s  use and power l eve l  should be  c a r e f u l l y  
weighed s i n c e  it does inc rease  t h e  incidence of t r a n s -  
ponder suppression. During t h e  suppression i n t e r v a l ,  a  
transponder i s  unable t o  respond t o  ANY i n t e r r o g a t i o n ,  
thus a f f e c t i n g  i t s  a b i l i t y  t o  r ep ly  t o  o t h e r  ATCRBS 
in te r roga to r s  des i r ing  a reply .  A s  a  minimum, however, 
simple sls should be  used t o  prevent ring-around and 
f r u i t  caused by s ide- lobes .  

(3) Reply Rate Limiting. 

(a) The rada r  beacon system may s u f f e r  from the  e f f e c t s  of 
over in ter rogat ion  on t h e  s i n g l e  t ransmission frequency. 
An ai rborne  transponder may be  wi th in  l i n e  of  s i g h t  of 
many ground s t a t i o n s  and hence w i l l  rece ive  many i n t e r -  
rogat ions .  An automatic overload contro l  (aoc) c i r c u i t  
i n  t h e  transponder p r o t e c t s  t h e  t r ansmi t t e r  from over- 
loading and tends t o  a i d  t h e  system by reducing reply  
d e n s i t i e s  based on s i g n a l  s t r e n g t h .  AOC l eve l s  i n  a  
transponder a r e  normally s e t  a t  1,200 r e p l i e s  per  second. 
(Transponders used i n  a i r c r a f t  t h a t  do not  opera te  above 
15,000 foot  a l t i t u d e s  may not  be capable of  more than 
1,000 replies/second.  In  t h i s  case t h e  reply  r a t e  l i m i t e r  
is s e t  t o  maximum.) Above t h i s  l e v e l ,  t h e  s e n s i t i v i t y  
is  reduced t o  d iscr iminate  aga ins t  r e p l i e s  from weaker 
sources.  This a l s o  d iscr iminates  agains t  lower- l e v e l  
s ide- lobes ,  r e f l e c t i o n s ,  and more d i s t a n t  s t a t i o n s .  

(b) A deadtime c i r c u i t  is  used i n  t h e  transponder t o  e l imi-  
n a t e  t h e  e f f e c t  of t r ansmi t t ing  overlapped codes i n  
response t o  nore than one i n t e r r o g a t o r ;  a f t e r  r e c e i p t  of  
a v a l i d  mode in te r roga t ion  p a i r ,  t h e  transponder i s  d i s -  
abled u n t i l  t he  reply  code is  t ransmit ted .  A second 
rep ly  cannot be i n i t i a t e d  u n t i l  t h e  deadtime g a t e  is  
terminated. The p robab i l i ty  of success f o r  a  p a r t i c u l a r  
i n t e r r o g a t o r  t o  e l i c i t  a  reply  is  given by 

where 

fSIS 
= s ide- lobe  in te r roga t ion  r a t e  

from a l l  o the r  s t a t i o n s  

*S = sls suppression-gate dura t ion  (35 2 10 ps) 

i 
= i n t e r roga t ion  r a t e  of a l l  o t h e r  

s t a t i o n s  

T = transponder deadtime 

Chap 1 
Par 9 Page 53 



(c)  Transponder deadtime inc ludes  t h e  du ra t ion  o f  t h e  coded 
r e p l y  t ransmiss ion ,  p lus  an a d d i t i o n a l  pe r iod  of no t  
more than  125 us. 

d.  Receiver C h a r a c t e r i s t i c s .  The ATCBI r e c e i v e r  d e t e c t s  t h e  s i g n a l s  
genera ted  by a  "v i s ib l e "  a i rbo rne  t ransponder  i n  response t o  any 
and a l l  i n t e r r o g a t o r s  i n  t h e  v i c i n i t y .  I t  employs t h e  s p e c i a l  
techniques of s e n s i t i v i t y  time con t ro l  and video d e f r u i t i n g  t o  
improve ope ra t ions .  These a r e  d iscussed  below. 

(1) S e n s i t i v i t y  Time Control (STC). The s t c  f e a t u r e  i s  i nco r -  
pora ted  i n t o  ATCBI equipment f o r  somewhat t h e  same reason a s  
is  done i n  an ASR system, namely, con t ro l  of t h e  r e c e i v e r  
opera t ing  c h a r a c t e r i s t i c .  For beacon ope ra t ion ,  t h e  r e -  
ceived power from a  given t ransponder  w i l l  vary i n v e r s e l y  
wi th  t h e  square of t ransponder  range.  An ATCBI r e c e i v e r  wi th  
s t c  c h a r a c t e r i s t i c ,  t he re fo re ,  which compensates f o r  t h i s  v a r i -  
a t i o n  w i l l  t end  t o  reduce t h e  v i s i b i l i t y  of  r e f l e c t e d  pa th  
and s ide- lobe  r e p l i e s ,  and of o t h e r  unwanted i n p u t s ,  without  
impair ing t h e  d e t e c t a b i l i t y  of  l e g i t i m a t e  beacon t a r g e t s .  
STC adjustments  a r e  made by reducing r e c e i v e r  ga in  by 
10-50 dB (below maximum s e n s i t i v i t y )  a t  15.36 us a f t e r  t h e  
leading  edge of pu l se  P3. Gain i s  then allowed t o  recover  
a t  a s u i t a b l e  r a t e ,  t h e  R - ~  r a t e  being s tandard  f o r  FAA 
f a c i l i t i e s .  

( 2 )  Video Def ru i t i ng .  The ATCBI video d e f r u i t e r  g r e a t l y  reduces 
t h e  amount of  nonsynchronous i n t e r f e r e n c e  which can appear i n  
an output  d i sp l ay .  This i s  done through f i l t e r i n g  of  t h e  raw 
video pu l se s  a t  t h e  output  and pass ing  only those  pu l se s  whose 
p r f  i s  t h e  same a s  t h a t  of t h e  i n t e r r o g a t o r  t o  which it  i s  
connected. Asynchronous r e p l i e s  r e s u l t i n g  from i n t e r r o g a t i o n s  
by o t h e r  ATCBI equipment, second-time-around echoes (with j i t -  
t e r e d  p r f ) ,  i n t e r f e r e n c e  pu l se s ,  e t c . ,  a r e  r e j e c t e d  by t h e  
d e f r u i t i n g  equipment whi le  t h e  l e g i t i m a t e  synchronous r e p l i e s  
a r e  allowed t o  pass  on t o  d i sp l ay  u n i t s  unimpeded. 

SECTION 4 .  ANCILLARY EOUIPMENT 

10. TRANSMI'ITER/RECEIVER B U I L D I N G .  The ASR and ATCBI t r a n s m i t t e r s ,  r e -  
c e i v e r s ,  and a  standby engine gene ra to r  ( i f  requi red)  w i l l  be  housed 
i n  a  b u i l d i n g  ( o r  van) a t  t h e  s e l e c t e d  s i t e .  A t ransformer  s u b s t a t i o n  
w i l l  b e  i n s t a l l e d  ad jacent  t o  t h e  bu i ld ing  (or  van) un le s s  commercial 
e l e c t r i c a l  power can be furn ished  t o  t h e  bu i ld ing  a t  120/208 v o l t s .  
The bu i ld ing  i s  one o f  t h r e e  s tandard  design s t r u c t u r e s ,  and i s  i n -  
s t a l l e d  n e a r  t h e  antenna tower a s  i n d i c a t e d  on t h e  app ropr i a t e  s i t e  
layout  drawing. Building design d e t a i l s  and s t anda rd  s i t e  layout  
drawings should be a v a i l a b l e  a t  a l l  FAA regional  o f f i c e s .  S i t e  lay-  
ou t  f o r  ASR-4B, 5, and 6 systems a r e  shown i n  FAA Drawing D-5409-1, 
and f o r  ASR-7 on Drawing D-5825-1. 
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6310.6 CHG 1 

11. RADAR TOWER, 

a. The radar antennas are mounted on a steel tower whose height is 
selected for optimum radar performance. The basic tower height is 
17 feet, which may be augmented by the installation of up to six 
additional 10-foot sections to a maximum height of 77 feet. The 
single beam ASR antenna feedhorn is approximately 8 feet above the 
tower platform and the dual beam antenna maximum energy point is 
approximately 10.2 feet above the tower platform. The ATCBI antenna 
height is approximately 13 feet above the tower platformwhenantennas 
FA-7202 or FA-8043 are used, and is approximately 14.8 feet above the 
platform when antenna FA-9764 is used. * 

b. Tower height,'as discussed elsewhere, is primarily selected based on 
screening, clutter, and vertical lobing considerations. It should 
be borne-in mind, however, that efforts to shorten waveguide runs 
between transmitter and antenna will result in lower system rf losses. 
Waveguide attenuation may be assumed to be 1 dB1100 feet, resulting 
in a 2 dB1100 feet loss for two-way (transmit and receive) transit 
of the same waveguide. Provided priority coverage requirements are 
met, sites should be arranged such that ASR waveguide runs are kept 
as short as possible, not exceeding 130 feet in length. 

12. FEMOTING EQUIPMENT. 

a. Landline Remoting. Communication of ASR and ATCBI output data and 
control signals betxeen the radar site and the indicator site can be 
accomplished by landline, provided the cable length required forthis 
connection does not exceed the shorter of lengths indicated in ta- 
bles 1-1 and 1-2afor the ASR and ATCBI equipment to be installed. 

b. Radar Microwave Link (RML) Remoting. Where landline remoting is not 
possible, signal comunications via microwave link are required. 
When use of RML equipment is indicated, the radar siting operation 
should include siting of the necessary RML equipment. The cost of 
necessary RML equipment should also be included in siting estimates. 

13. MTI REFLECTORS. For proper alignnent of video maps, mti reflectors 
mounted at the end of runways should be visible to ASR equipment. As a 
consequence,eachASR/ATCBIsite selectionshould include identification of 
potential sites for mti reflector installation. Line-of-sight visibility 
and adequacy of return signal-to-clutter ratio are of primary concern to 
this site selection. Locational requirements for rnti reflectors are 
given in paragraph 17f of chapter 2. 
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CHAPTER 2 .  ASR AND ATCRBS SITING CRITERIA 

SECTION 1. INTRODUCTION 

INTRODUCTION. 

a. The priinary requirement when s i t i n g  ASR and ATCRBS f a c i l i t i e s  i s  
t o  provide  t h e  r a d a r  and i n t e r r o g a t o r  coverage necessary  t o  enable 
e f f e c t i v e  monitor ing/ t racking of a i r c r a f t  i n  t h e  t e rmina l  a i r space .  
In  t h e  s i t e  s e l e c t i o n  process ,  a  number of  f a c t o r s  must be  con- 
s i d e r e d  i n  o r d e r  t o  recommend t h e  most s u i t a b l e  s i t e .  These may 
be  grouped i n t o  t h e  fol lowing major ca t egor i e s :  

(1) Coverage f a c t o r s  and f a c i l i t y  requirements ,  

( 2 )  Coverage c a p a b i l i t i e s  o f  ASR and ATCRBS equipment, 

(3) Opera t iona l  l i m i t a t i o n s ,  and 

(4) I n s t a l l a t i o n  requirements/limitations. 

b. The coverage requirements ,  b a s i c  f a c i l i t y  requirements ,  and t h e  
coverage c a p a b i l i t i e s  of  t h e  ASR and ATCRBS equipment form t h e  
b a s i s  f o r  s e l e c t i o n  of  a  few p o s s i b l e  s i t e s .  Th i s  choice  i s  f u r -  
t h e r  narrowed by cons ider ing  t h e  va r ious  phys i ca l  r e s t r i c t i o n s  
such as land a v a i l a b i l i t y ,  c o s t ,  l o g i s t i c  suppor t ,  e t c .  The 
e f f e c t  of  t h e  s i t e  on ope ra t iona l  r a d a r  performance must then  be  
considered f o r  each of t h e  remaining s i t e s .  General ly  speaking, 
a l l  s i t e s  w i l l  have some ope ra t iona l  disadvantages i n  terms of 
e i t h e r  reduced coverage o r  performance degradat ion.  Therefore ,  
a  f i n a l  choice i s  made on t h e  b a s i s  of determining an optimum com- 
b i n a t i o n  of adequate  coverage ( i . e . ,  minimized degradat ion)  and 
reasonable  c o s t .  The purpose of t h i s  chapter  i s  t o  d i scuss ,  i n  
d e t a i l ,  f a c t o r s  comprising each of t h e  above fou r  c a t e g o r i e s .  

SECTION 2. COVERAGE FACTORS AND FACILITY REQUIREMENTS 

15. GENERAL. 

a .  S p e c i f i c  coverage requirements r e l a t i v e  t o  t h e  a i r  t e rmina l  being 
served  a r e  obta ined  from t h e  r eg iona l  A i r  T r a f f i c  Divis ion (ATD). 
These requirements ,  which a r e  t h e  same f o r  t h e  ASR and ATCRBS, 
w i l l  u sua l ly  be s p e c i f i e d  i n  terms o f :  

(1) Navigat ional  f i x e s  wi th in  t h e  te rmina l  a i r space ,  

(2) Ai r - routes  between f i x e s  and expected v a r i a t i o n s ,  

(3) Handoff o r  t r a n s i t i o n  po in t s  beyond ou te r  f i x e s ,  

(4)  Approach/departure coverage, 
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(5) Runway coverage, and 

(6) A i r c r a f t  type/maneuvers/ground speed. 

b. I d e a l l y ,  t h e  s i t e  s e l e c t e d  should be such t h a t  a l l  s p e c i f i e d  f i x e s  
and rou te  c o r r i d o r s  a r e  ope ra t iona l ly  v i s i b l e  t o  both t h e  ASR and 
ATCRBS. However, i t  should be poin ted  out  t h a t  t h i s  w i l l  n o t  
always be poss ib l e ,  i n  which event a  s a t i s f a c t o r y  compromise must 
be worked out  with t h e  ATD personnel .  

c .  The important coverage f a c t o r s  and f a c i l i t y  requirements which 
must be considered i n  s i t i n g  a r e  d iscussed  i n  t h e  fol lowing 
paragraphs.  

16. COVERAGE FACTORS. 

a .  Navigational Fixes.  Navigational f i x e s  a r e  u sua l ly  s p e c i f i e d  i n  
terms of  t h e  minimum instrument mean s e a  l e v e l  (msl) a l t i t u d e ,  and 
t h e  geographical  coord ina tes  of  t h e i r  p ro j  ec ted  loca t ion  on an 
a r e a  map. These t h r e e  dimensional coord ina tes  of  f i x e s  a r e  u s u a l l y  
i d e n t i f i e d  by a i r  r o u t e  i n t e r s e c t i o n s ,  VOR s t a t i o n s ,  important  
landmarks, ILS approach pa ths ,  depa r tu re  pa ths ,  and handoff p o i n t s  
between te rmina l  and en rou te  c o n t r o l l e r s .  For te rmina l  r ada r /  
beacon systems, t h e s e  f i x e s  must be loca t ed  wi th in  a  55 mi rad ius  
and wi th in  t h e  r ada r  l i ne -o f - s igh t  from t h e  s e l e c t e d  s i t e .  

b .  Minimum Obstruct ion Clearance A l t i t u d e s .  The FAA f l i g h t  s a f e t y  
r e g u l a t i o n s  r e s t r i c t  t r a f f i c  i n  t h e  te rmina l  a i r s p a c e  t o  c e r t a i n  
minimum al lowable a l t i t u d e s  i n  o rde r  t o  provide enough c learance  
from bu i ld ings ,  t e r r a i n  v a r i a t i o n s ,  e t c . ,  i n  t h e  v i c i n i t y  of  t h e  
a i r p o r t .  These minimum a l t i t u d e s  a r e  e s t a b l i s h e d  and maintained 
by l o c a l  A i r  T r a f f i c  personnel  i n  t h e  form of minimum obs t ruc t ion  
c learance  a l t i t u d e  (moca) c h a r t s .  These c h a r t s ,  t oge the r  wi th  t h e  
minimum obs t ruc t ion  a l t i t u d e  c r i t e r i a  e s t a b l i s h e d  i n  Federal  Avi- 
a t i o n  Regulations (FAR), p a r t  77 ,  f o r  t h e  a i r p o r t  v i c i n i t y ,  pro- 
v ide  a  convenient r e f e rence  f o r  e s t a b l i s h i n g  worst-case limits f o r  
low-a l t i tude  coverage i n  t h e  te rmina l  a r e a .  

c .  Air-Route Coverage. Radar coverage d a t a  inc ludes  t h e  rou te s  which 
w i l l  be flown between t h e  s p e c i f i e d  nav iga t iona l  f i x e s .  Coverage 
of t h e  rou te s  beyond t h e  o u t e r  f i x e s  should be obta ined  s o  t h a t  
t h e  c o n t r o l l e r s  w i l l  have maximum oppor tuni ty  t o  i d e n t i f y  a i r c r a f t  
p r i o r  t o  a f f e c t i n g  handoffs  t o  o r  from en rou te  c o n t r o l l e r s  us ing  
long range r a d a r s .  This coverage should extend 3 nmi o r  25% more 
than  t h e  d i s t a n c e  from t h e  antenna t o  t h e  f i x ,  whichever i s  g r e a t e r .  

d. Runwav A ~ ~ r o a c h / D e ~ a r t u r e .  

(1) Although ASR/ATCRBS coverage of a i r c r a f t  t o  o r  from t h e  p o i n t s  
of  touchdown o r  take-of f  on t h e  runways is highly  d e s i r a b l e ,  
t h e  fundamental c r i t e r i a  f o r  ASR/beacon coverage f o r  approach 
and depa r tu re  from t h e  a i r p o r t  i s  based on: (a)  coverage of 
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a i r c r a f t  on f i n a l  approach should be provided up t o  t h e  missed 
approach point ,  and (b) depart ing a i r c r a f t  should be picked up 
by t h e  ASR/ATCRBS a t  a point  no f u r t h e r  than 1 mi from t h e  
e x i t i n g  runway edge. 

(2) The missed approach point  can vary from 0.75 mi t o  1.5 nmi 
(nominally 1 m i )  from t h e  edge of the  runway, depending on 
t h e  p a r t i c u l a r  a i r p o r t  f l i g h t  procedures. The a l t i t u d e  of  
t h e  missed approach point  is almost always 300 f e e t  above t h e  
extended runway surface .  A s  a nominal r u l e  then, t h e  funda- 
mental requirement f o r  approach/departure coverage is t o  pro- 
v ide  ASR/beacon coverage a t  distances 1 nmi and beyond, from 
t h e  edges of a l l  runways (especia l ly  instrument runways), a t  
a l l  a l t i t u d e s  down t o  300 f e e t  above t h e  extended runway 
surface .  

(3) I t  should be noted here ,  t h a t  t h e  above requirement appl ies  
t o  t h e  primary a i r p o r t  serving t h e  terminal  area .  No compro- 
mise i n  t h i s  requirement should be made t o  otherwise improve 
o r  provide s i m i l a r  coverage f o r  secondary ( s a t e l l i t e )  a i r p o r t s .  

e. Runway Coverage. Although i t  is des i rab le  t o  have t h e  capab i l i ty  
t o  monitor a i r c r a f t  on any of t h e  runways of t h e  a i r p o r t ,  t h i s  r e -  
quirement should be considered secondary i n  importance r e l a t i v e  t o  
t h e  above approach/departure coverage requirements. However, t o  
make runway coverage poss ib le ,  it is necessary t h a t  t h e  antenna 
tower not be located within % nmi from t h e  runways t o  be monitored 
s i n c e  t h e  ppi  presenta t ion within a % nmi radius  may be unusable. 
This occurs due t o  rece ive r  blanking and t/r system recovery 
c h a r a c t e r i s t i c s .  

f .  Air-Route Variat ions.  

(1) Variat ions i n  t h e  a i r  t r a f f i c  routes within t h e  terminal  a rea  
can genera l ly  be expected t o  produce changes i n  t h e  coverage 
requirements and s i t i n g  c r i t e r i a  f o r  both t h e  ASR and beacon 
systems. New t angen t i a l  course condit ions can develop along 
with f u r t h e r  coverage problems due t o  screening,  cone-of- 
s i l e n c e  l i m i t s ,  lobing, f a l s e  t a r g e t s ,  e t c .  These rou te  
va r ia t ions  can be brought about by any o r  a l l  of t h e  following: 

(a) Changes i n  weather conditions 

(b) An increase/decrease i n  t r a f f i c  densi ty  

(c) New runway o r  a i r p o r t  construction 

(d) Changes.in Federal Aviation regulations/procedures 

(e) Changing socio- legal  requirements (e.g. ,  no i se  control ,  
s a f e t y ,  home t v  in te r fe rence ,  e t c ) .  
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The f i r s t  item above genera l ly  r e s u l t s  i n  a day-to-day 
change i n  a i r  t r a f f i c  routes  t o  t h e  extent  t h a t  approach 
routes  become departure routes  and v ice  versa.  Route v a r i -  
a t i o n s  due t o  weather changes should be included i n  the  
coverage requirements s p e c i f i e d  by ATD p r i o r  t o  i n i t i a l  
s i t i n g .  The remaining items above, p e r t a i n  t o  r e l a t i v e l y  
long-term o r  f u t u r e  changes i n  t r a f f i c  p a t t e r n s  and can be 
somewhat uncertain,  o r  not a l toge the r  unknown. However, 
wherever poss ib le ,  attempts should be made t o  i d e n t i f y  
planned o r  known changes of t h i s  type and determine t h e i r  
e f f e c t s  on f u t u r e  a i r  rou te  p a t t e r n s .  In  t h i s  way, some 
p o t e n t i a l l y  troublesome f u t u r e  problems can be taken i n t o  
account during t h e  i n i t i a l  s i t i n g  e f f o r t .  

g. Ai rc ra f t  Type. The minimum radar  t a r g e t  c ross  s e c t i o n  of a i r -  
c r a f t  using t h e  terminal a i r space  i s  a very s i g n i f i c a n t  f a c t o r  i n  
determining the  maximum range- c a p a b i l i t y  of t h e  ASR. In  genera l ,  
t h e  smaller  t h e  a i r c r a f t ,  t h e  smaller  w i l l  be  i t s  rada r  cross 
sec t ion ,  thereby l imi t ing  the  ASR de tec t ion  range. Hence, f o r  
purposes of  s i t i n g ,  it i s  necessary t o  know t h e  smal les t  type of 
a i r c r a f t  t o  be detected i n  order  t o  determine i f  t h e  range between 
t h e  candidate s i t e  locat ion  and each navigat ional  f i x  i s  wi th in  
t h e  range c a p a b i l i t y  of t h e  MR. Except f o r  unusual s i t u a t i o n s  
t h i s  implies t h a t  ASR coverage should be based upon de tec t ion  of 
small general  av ia t ion  and t r a i n i n g  a i r c r a f t  which may u t i l i z e  t h e  
con t ro l l ed  a i rspace .  Frequently a T-33 i s  used f o r  coverage 
ca lcu la t ions .  

h. A i r c r a f t  Maneuvers. Unusual a i r c r a f t  maneuvers such as  a s t eep  
climb o r  sharp t u r n  may be requi red  i n  t h e  terminal a i r space  t o  
accommodate c e r t a i n  noise  abatement r egu la t ions ,  missed approach 
go-arounds, curved approach path,  e t c .  Such maneuvers can cause 
fadeouts  of  the  ATCRBS operat ion due t o  sh ie ld ing  of t h e  a i rborne  
transponder by the  veh ic le  airframe.  Hence, a s  p a r t  of the  cov- 
erage requirements obtained'from ATD, care  should be taken t o  
i d e n t i f y  and loca te  where these  maneuvers can occur i n  t h e  a i r -  
space of i n t e r e s t .  From t h i s  information, a i rspace  where such 
shie ld ing could r e s u l t  i n  any long-term ATCRBS fadeout can be  
i d e n t i f i e d .  

i. Ai rc ra f t  Ground Speed. The m t i  c i r c u i t s  of the  ASR a r e  based on 
t h e  Doppler e f f e c t  produced by a i r c r a f t  motion r e l a t i v e  t o  t h e  ASR 
s i t e .  To determine t h i s  r e l a t i v e  motion, the  nominal ground speeds 
of a i r c r a f t  over each a i r  route  designated i n  t h e  terminal  a i r space  
should be  obtained from ATD. 

17. ATC FACILITY OPERATIONAL REQUIREMENTS. Certain c r i t e r i a  t o  be used i n  
t h e  s e l e c t i o n  of an ASR/ATCRBS s i t e  w i l l  be d i c t a t e d  d i r e c t l y  o r  i n -  
d i r e c t l y  by o the r  ATC f a c i l i t i e s  and/or t h e i r  operat ions i n  o r  about 
the  a i r p o r t  v i c i n i t y  and terminal a rea .  These c r i t e r i a  and how they 
r e l a t e  t o  p a r t i c u l a r  ATC f a c i l i t i e s  and/or operat ions a r e  discussed 
be low. 
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Equipment/Structure Clearance. I t  i s  d e s i r a b l e  t h a t  a  minimum 
separa t ion  of 1,500 f e e t  be provided between t h e  ASR/ATCRBS an- 
tenna and any above ground s t r u c t u r e s  o r  r f  generat ing equipment 
t h a t  may cause r e f l e c t i o n s Q o r  otherwise i n t e r f e r e  with radar /  
beacon operat ion.  This c learance  reconnnendation i s  espec ia l ly  
app l i cab le  t o  a i rpor t -based equipments/structures such a s  ATC 
towers, ILS equipments, PAR'S, hangars, terminal  bu i ld ings ,  a i r -  
p o r t  su r face  de tec t ion  equipment, VOR i n s t a l l a t i o n s ,  marker bea- 
cons, e t c .  In addi t ion ,  t h e  s i t e  s h a l l  not  be l e s s  than + mile 
from Weather Bureau radars  and radiosonde equipment. Violat ion 
of t h e  l a t t e r  c r i t e r i a  requi res  a  Washington waiver. Further  
d e t a i l s  on r e f l e c t i o n  e f f e c t s  a r e  presented i n  paragraphs 22e 
and 23f. 

A i r c r a f t  Reflect ion Avoidance. With t h e  advent of  t h e  newer wide- 
bodied a i r c r a f t ,  such as  t h e  747, t h e r e  a r i s e s  t h e  problem of 
s t rong  r e f l e c t i o n s  occurring from these  a i r c r a f t  while parked o r  
await ing t akeof f .  To avoid t h i s ,  i t  is  recommended t h a t  t h e  ASR/ 
beacon system be located no c l o s e r  than 1,500 f e e t  from t h e  edge 
of taxiways, holding bays, o r  terminal  a reas  where such a i r c r a f t  
a r e  known t o  remain f o r  sus ta ined periods of time. 

Cable Length. 

Cable d is tance  between t h e  t r ansmi t t e r - rece ive r  bui ld ing and 
t h e  ind ica to r  s i t e  should not  exceed t h e  maximum allowable 
cable lengths spec i f i ed  i n  t a b l e s  1-1 and 1-2 f o r  t h e  type 
ASR/beacon system being s i t e d .  

I t  should be noted t h a t  a  s p e c i a l  low-loss cable may be  re -  
qui red  f o r  cable lengths g r e a t e r  than 12,000 f e e t .  Because 
of i ts  g r e a t e r  cos t ,  experience has shown t h a t  t h e r e  may 
e x i s t  a  cable length,  beyond which t h e  cos t  of i t s  i n s t a l l a -  
t i o n  exceeds t h a t  of  a  RML. This cos t  cross-over d is tance  
w i l l  vary depending on the  material/construction/labor cos ts  
and t h e  d e t a i l e d  requirement of t h e  p a r t i c u l a r  i n s t a l l a t i o n .  

Airport  Obstruct ion.  Where i n s t a l l e d  on o r  i n  t h e  v i c i n i t y  of t h e  
a i r p o r t ,  t h e  maximum physical  he ight  of  t h e  ASR/beacon s t r u c t u r e  
should not  c o n s t i t u t e  an obs t ruct ion  as  defined i n  FAR, p a r t  77. 
These regu la t ion  def ine  imaginary surfaces  above and about the  
a i r p o r t  property which no bui ld ing o r  i n s t a l l a t i o n s  may pene t ra te  
without a  spec ia l  waiver from the  Administrator,  FAA. 

a l t h o u g h  des i red  minimum separa t ion  d is tances  a r e  indica ted  he re ,  f a l s e  
t a r g e t s  may be produced by l a rge  r e f l e c t i n g  surfaces  a t  considerably 
g r e a t e r  d is tances  (up t o  6 miles i n  some ins tances ) .  Each case should be 
judged independently using t h e  techniques described i n  paragraph 22e. 
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e .  Other Radar/Beacon F a c i l i t i e s .  

(1) Other te rmina l  and en- route  r a d a r  systems ope ra t ing  wi th in  a  
v i c i n i t y  of 200 mi les  may provide  p a r t i a l  i f  no t  t o t a l  cov- 
e rage  of t h e  te rmina l  a i r s p a c e  t o  be served  by t h e  new ASR/ 
beacon system being s i t e d .  The r e s u l t i n g  over lap  i n  coverage 
i s  u s e f u l  i n  e s t a b l i s h i n g  handoff o r  t r a n s i t i o n  zones between 
te rmina l  and/or en-route  t r a f f i c  c o n t r o l l e r s .  I t  a l s o  can 
r e s u l t  i n  mutual i n t e r f e r e n c e  wi th  t h e  ope ra t ion  of  t h e  pro-  
posed ASR/beacon i n s t a l l a t i o n .  To prevent  t h i s ,  t h e  f r e -  
quencies  o f  a l l  ATC radar/beacon systems i n  t h e  a r e a  a r e  
ass igned  i n  accordance with o f f i c i a l  Frequency Management 
procedures .  Regional FAA Frequency Management personnel  
should be  contac ted  regard ing  p o s s i b l e  i n t e r f e r e n c e  between 
t h e  ASR/beacon system and o t h e r  r a d a r  f a c i l i t i e s  i n  t h e  a r e a .  

(2) Of s p e c i a l  concern when adding a  beacon i n t e r r o g a t o r  i n  a 
te rmina l  a r e a  i s  t h e  p o s s i b l e  i n c r e a s e  i n  i n t e r r o g a t i o n  r a t e  
t h a t  a i r c r a f t  opera t ing  i n  t h e  te rmina l  a i r s p a c e  can be ex- 
pec t ed  t o  experience.  I f  t h i s  e f f e c t  i s  seve re ,  o v e r i n t e r -  
roga t ion  can r e s u l t ,  s a t u r a t i n g  a i rbo rne  t ransponders  t o  t h e  
e x t e n t  t h a t  they  cannot r e l i a b l y  r e p l y  t o  any i n t e r r o g a t o r .  
Areas where such beacon i n t e r f e r e n c e  i s  excess ive  ( i . e . ,  
over  1,000 i n t e r r o g a t i o n s  p e r  second) a r e  commonly r e f e r r e d  
t o  a s  t lhot-spots" .  The DOT Transpor ta t ion  Systems Center  
(TSC) and t h e  WD Electromagnet ic  Compat ib i l i ty  Analysis  
Center  (ECAC) have each developed d i g i t a l  computer techniques 
which a r e  capable  of a s se s s ing  t h e  impact o f  adding a  beacon 
i n t e r r o g a t o r  i n  any loca t ion  i n  t h e  con t inen ta l  United S t a t e s .  
Before s i t i n g  of an ASR/ATCRBS, i n  r eg ions  where "hot-spot" 
problems a r e  suspec ted ,  it is adv i sab le  t h a t  a  computer 
a n a l y s i s  of t h e  increased  i n t e r r o g a t i o n  r a t e  r e s u l t i n g  from 
i n s t a l l a t i o n  o f  a  new beacon i n t e r r o g a t o r  i n  t h e  a r e a  be 
c a r r i e d  ou t .  Arrangements f o r  computer s e r v i c e s  by ECAC o r  
TSC must be  made by w r i t t e n  r eques t  t o  t h e  FAA Radar/Auto- 
mation Engineering Div is ion ,  code AAF-300, Washington, D.C.  
Fu r the r  d e t a i l s  on t h e  c a p a b i l i t i e s  and inpu t  requirements 
of t h e s e  computer techniques may be  found i n  appendix 5, 
a long wi th  t h e  c a p a b i l i t i e s  of  o t h e r  computer programs of 
p o s s i b l e  b e n e f i t  t o  r a d a r  s i t e  s e l e c t i o n .  

f .  WI Ref l ec to r s .  

(1) The m t i  r e f l e c t o r  i s  a  f i x e d  t a r g e t  which provides  a  r a d a r  
echo s imula t ing  t h a t  rece ived  from a moving a i r c r a f t .  These 
r a d a r  r e f l e c t i o n s  p l ay  an important  r o l e  i n  t h e  f u n c t i o n a l  
ope ra t ions  o f  t h e  ASR, i n  t h a t  they permit  r a d a r  video map o r  
map over lay  alinement along wi th  range mark al inement .  This  
i s  important  t o  maintenance personnel ,  and i s  used by ATC 
ope ra to r s  t o  check v ideo  map alinement on t h e  d i s p l a y  
i n d i c a t o r .  
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(2)  Although s i t i n g  c r i t e r i a / r e q u i r e m e n t s  f o r  t h e  ASR/ATCRBS 
t ake  precedence,  c e r t a i n  gu ide l ines  f o r  t h e  l o c a t i o n  of - - 
m t i  r e f l e c t o r s  have been devised which should b e  g iven  due 
cons ide ra t ion  when s e l e c t i n g  an ASR/ATCRBS s i t e  l o c a t i o n .  
These gu ide l ines  a r e  out l i n e d  below: 

(a )  Five r e f l e c t o r s  w i l l  u sua l ly  be provided f o r  use  with 
any s p e c i f i c  ASR. Spec ia l  cases  may a r i s e ,  however, 
where fewer o r  more r e f l e c t o r s  w i l l  be r equ i r ed .  For 
example, only t h r e e  m t i  r e f l e c t o r s  a r e  fu rn i shed  wi th  
r a d a r  systems us ing  t h e  TRACAB conf igu ra t ion .  

(b) The r e f l e c t o r  l oca t ions  must be wi th in  t h e  v i s i b i l i t y  
l i m i t s ,  and wi th in  5 nmi o f  t h e  ASR. 

( c )  The he ight  of t h e  po le s  used t o  e l e v a t e  t h e  r e f l e c t o r s  
must not  c o n s t i t u t e  an obs t ruc t ion  a s  de f ined  i n  FAR, 
p a r t  77 .  

(d) MTI r e f l e c t o r s  should be  loca t ed  on a i r p o r t  p r o p e r t y ,  
i f  a t  a l l  p o s s i b l e .  These loca t ions  a r e  p r e f e r r e d  s i n c e  
they o f f e r  t h e  b e s t  p r o t e c t i o n  from f u t u r e  encroachment 
and o b s t r u c t i o n .  

(e), S p e c i f i c a l l y  , t h e  p r e f e r r e d  
fo l lows :  

1.  Runway Approaches. One - 
s t a l l e d  on t h e  extended 

r e f l e c t o r  l o c a t i o n s  a r e  a s  

m t i  r c f l e c t o r  i s  t o  be i n -  
runway c e n t e r l i n e  o f  each 

instrument  runway and approximately 1  nmi from t h e  
end of t h e  runway. The 1-nmi c r i t e r i o n  may not  
always be  f e a s i b l e ,  however, due t o  l i n e - o f - s i g h t  
( l o s ) ,  land a v a i l a b i l i t y ,  and range l i m i t a t i o n s .  

2. For Range Markers. One r e f l e c t o r  i s  t o  be  i n s t a l l e d  - 
a t  a  range of  2 nmi from t h e  ASR s i t e .  I f  p o s s i b l e ,  
t h i s  r e f l e c t o r  should a l s o  be i n s t a l l e d  on t h e  ex- .  
tended c e n t e r l i n e  of one of t h e  runways. In  ca se  of 
c o n f l i c t  between t h e s e  c r i t e r i a ,  however, t h e  2-nmi 
range requirement t a k e s  precedence.  

3 .  Remaining R e f l e c t o r s .  The remaining r e f l e c t o r s ,  if - 
a p p l i c a b l e ,  a r e  t o  be i n s t a l l e d  on t h e  extended cen- 
t e r l i n e s  of  o t h e r  mnways, p re fe rab ly  on t h e  oppos i t e  
ends of t h e  ins t rument  runways. 

Chap 2  
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(3 )  A l l  m t i  r e f l e c t o r  s i t i n g  must be  coord ina ted  wi th  l o c a l  Aimay 
F a c i l i t i e s  Divis ion and A i r  T r a f f i c  Divis ion pe r sonne l .  
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-- - SECTION 3. ASR/ATCRBS COVERAGE CAPABILITIES 

18. INTRODUCTION. Basic coverage capabilities of the ASR and ATCRBS equip- 
ment were briefly illustrated in chapter 1. These capabilities are de- 
scribed and illustrated more fully in the following paragraphs. It 
should be noted, however, that all radar and beacon coverage capabili- 
ties presented in this section are determined for free-space conditions 
and do not include the modifying effects of such phenomena as screening, 
vertical lobing, ground clutter, false targets, etc. The latter effects, 
which usually degrade coverage, are considered in section 4 of this chap- 
ter. All of these effects should receive consideration when assessing 
ASR/ATCRBS coverage capabilities from a particular site location. 

19. ASR COVERAGE. 

a. Coverage capability for ASR systems has been determined utilizing 
the methodology presented in reference 6. Radar range, R, is given 
in nautical miles by the expression: 

where 

Pt 
- peak power transmitted (in kW) 

T - pulse duration (in us) 
Gt 

= transmitting antenna gain in the target direction 

G - receiving antenna gain in the target direction 
r 

a = target radar cross section (in square meters) 

f - radar frequency (in MHz) 
Ts = ~ystem noise temperature (in OK) 

S/N = signal-to-noise power ratio 

CB - bandwidth correction factor 
L - loss factor 

Pt, T ,  Gt, Gr, and f are determined directly from table 1-1 and the 
system antenna patterns. Computations performed here used actual 
measured antenna pattern data, but similar results can be obtained 

* using the patterns shown in chapter 1. A sample of coverage range 
computation is given in appendix 7. 
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b. Noise temperature,  Ts, f o r  t h e s e  computations,  was taken  t o  be  

where 

10 log Fn = r e c e i v e r  n o i s e  f i g u r e  ( i n  dB) shown i n  t a b l e  1-1 

Ta = antenna n o i s e  tempera ture  (assumed 1240K) 

c .  Transmission l i n e  l o s s e s  a r e  ignored  i n  t h i s  de te rmina t ion  s i n c e  
t h e s e  a r e  included elsewhere i n  t h e  computation. 

d. The s igna l - to -no i se  (s /n)  r a t i o  i s  determined from t h e  Swerling 
d e t e c t i o n  model f o r  Case I t a r g e t  f l u c t u a t i o n  a t  a 0.75 proba- 
b i l i t y  of d e t e c t i o n  and f a l s e  alarm p r o b a b i l i t y .  The number 
of i n t e g r a t e d  pu l se s  f o r  t h i s  de te rmina t ion  i s  der ived  from 
equat ion  1-4 (p. 17). For 18 h i t s / s c a n ,  s / n  i s  approximately 
7.4 dB. 

e .  The bandwidth c o r r e c t i o n  f a c t o r ,  Cg, is found from t h e  express ion:  

where f o r  a conse rva t ive  r e s u l t :  

B = m t i  r e c e i v e r  i f  bandwidth ( i n  H z )  

T = p u l s e  d u r a t i o n  ( i n  p s )  

f .  System l o s s  f a c t o r ,  L ,  i s  taken t o  be 

In t h i s  express ion ,  La i s  a propagat ion absorb t ion  l o s s  f a c t o r ,  
assumed t o  be u n i t y  i n  t h i s  f ree-space  c a l c u l a t i o n .  L i s  an R antenna p a t t e r n  beamshape l o s s  f a c t o r  t o  account f o r  c anges i n  
ga in  a s  t h e  antenna scans  p a s t  a t a r g e t .  Lp i s  assumed equal  t o  
1.6 f o r  t h i s  c a l c u l a t i o n ,  as p e r  r e f e rence  6.  L t r  i s  a gene ra l  
r f  l o s s  f a c t o r  t o  account f o r  plumbing l o s s e s  i n  waveguide, 
r o t a r y - j o i n t ,  e t c .  For t h i s  computation, L t r  i s  assumed a s  
fo l lows:  
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ASR-4B, 5, 
5E, 6 ,  6E, 7 ASR-7E ASR-8 

40 f e e t  RG 75/U wa eguide 1oss1(d8). 0 . 8  
17 

0 . 8  0 . 8  ........... Rotary j o i n t  l o s s  (dB).. 0.4 0.4 0.4 .. Radar i n t e r n a l  plumbing loss1(d8). 2.0 2 .O 1 .0 .................. Diplexer  10s sl ' (d~)  1.0 
To ta l  plumbing l o s s e s  (10 log  Lt,). . 3.2 dB 4.2 dB 2.2 dB * 

The r a d a r  c r o s s  s e c t i o n ,  0, used i n  computation was s e l e c t e d  t o  cover  
v i r t u a l l y  a l l  t a r g e t s  of i n t e r e s t  t o  s i t i n g  engineers .  Values used 
a r e  l abe l ed  i n  dB on t h e  p l o t t e d  r e s u l t s ,  t o  correspond wi th  those  
ind ica t ed  i n  t a b l e  2-1. 

g. Computed r a d a r  coverages f o r  ASR-4B, 5, 6 and 7 a r e  shown i n  f i g u r e s  
2-1, 2, 3 and 4. The'diagrams shown assume l p  and an  antenna tilt  
a n g l e  of 0 .So r e f e r r k d  t o  t h e  lower 3 dB p o i n t .  The equ iva l en t  
a n g l e  of 2.5O r e f e r r e d  t o  t h e  nose of t h e  beam is  i n d i c a t e d  i n  t h e  
diagrams. S imi l a r  computed radar  coverages f o r  dual  beam antennasys-  
tems, ASR-5E, 6E, 7E and Care  shown r e s p e c t i v e l y  i n  f i g u r e s  2-2A, 2B, 
4A, 4B, 5 and 6.  These diagrams assume l p  a l s o  and r ecep t ion  on t h e  
lower beam. The t i l t  angle  r e f e r r e d  t o  t h e  lower 3 dB p o i n t  f o r  t h e  
lower beam i s  assumed O0 f o r  ASR-SE, 6E and 7E and '0.5O f o r  ASR-8. *. 
Basic  free-space coverage w i t h  cp w i l l  b e  on t h e  o rde r  of 75% of l p  
coverage. This  r e s u l t s  from an approximate 5 dB reduct ion  i n  t a r g e t  
c r o s s  s e c t i o n  f o r  cp ( r e f e rence  2 ) .  Other performance degrading 
f a c t o r s  r e l a t e d  t o  r ada r  s i t i n g  a r e  covered i n  Sec t ion  4 .  

20. ATCBI COVERAGE. 

a.  Coverage c a p a b i l i t y  of ATCBI equipment has  been determined based on 
t ransponder  i n t e r r o g a t i o n .  This i s  t h e  l i m i t i n g  f a c t o r  i n  t e rmina l  
beacon ope ra t ion  a s  seen from appendix 2. 

b. Beacon i n t e r r o g a t i o n  range coverage is  given by: 

where : 

R = i n t e r r o g a t i o n  range i n  meters  

Pd = ATCBI output  peak power (measured a t  antenna) i n  w a t t s  

Smin = t ransponder  minimum s e n s i t i v i t y  i n  w a t t s  

Gi = i n t e r r o g a t o r  antenna ga in  i n  d i r e c t i o n  of t a r g e t  

Gt  = t ransponder  antenna ga in  i n  d i r e c t i o n  of r a d a r  s i te  

Lt = t ransponder  l o s s e s  ( cab le s  and connectors ,  = 5.5 dB) 
* A = wavelength (0.291 meters)  

2These  a r e  two-way l o s s e s .  
Chap 2 * 
Par  19 Page 66 



TABLE 2-1 
- -  - 
TYPICAL AIRCRAFT AVERAGE CROSS SECTION 

(Linear Polarization) 

Aircraft Type 

Military 
B-52 

Commercial 
Constellation 
Convair 
DC-3 
DC-7 
DC- 8 
DC-9 
DC- 10 0 

General Aviation 
Comanche 
Cessna 180 

Radar Cross Section 

sq. meters 
dB, re1 to 
2.2 rn2 

I/ No reliable data available at this time. 
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* FIGURE 2-1.  RANGE COVERAGE CAPABILITY OF ASR-4B, 5 AND 6 * 
(FREE SPACE CONDITIONS) 



Radar Elevation Angle (DEGREES) 
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Radar Eleva t ion  Angle (DEGREES) 
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R a d a r  Elevat ion Angle (DEGREES) 
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FIGURE 2 -3 .  RANGE COVERAGE CAPABILITY OF A S R - 7  
(FREE SPACE CONDITIONS) 



Radar E l e v a t i o n  Angle (DEGREES) 
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FIGURE 2-4A. RANGE CWERAGE CAPYIWLITV - ASR-tE 
(FREE SPACE COMDITIONS - R€CEPT(ON OM BEAM ) 

RANGE (NAUTICAL MILES) 
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Radar E l e v a t i o n  Angle (DEGREES) 
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Radar  E leva t ion  Angle (DEREES)  
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FIGURE 2-6 .  RANGE COVERAGE CAPABILITY OF A S R - 8  
(FREE SPACE CONDITIONS - RECEPTION ON LOWER BEAM - FXPANDED SCALE) 
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c. For purposes of calcul'ation it is assumed that: 

(1) Gi varies substantially as shown in figure 1-15 for the ATCBI-3 
antenna, figure 1-17 for the ATCBI-4 antenna, and figure 1-18A 
for ATCBI-3, 4, 5/antenna FA-9764, with a maximum gain of 
+21 dBir minimum. 

(3) Smin = -69 dBm; this corresponds to a low sensitivity tran- 
sponder and provides a conservative computed result. 

d. coverake determined under these conditions is plotted in figures 2-7, 
2-8 and 2-8A, with Pd as a parameter. Again, it should be noted that 
the coverage determined here is for free-space conditions and does 
not include the effects of screening, vertical lobing, etc. These 
effects must be included, however, when establishing a radar site; 
means for so doing are discussed in the following section. 

SECTION 4. OPERATIONAL LIMITATIONS 

INTRODUCTION. In any installation, the free-space theoretical radar and 
beacon coverage is affected, usually adversely, by the operational envir- 
onment. The local terrain features can produce radar screening, vertical 
lobing, ground clutter, and false targets. In addition, coverage may be 
degraded generally by the effects of precipitation and interference, and 
in specific areas due to tangential courses. Each of these effects is 
important and must be carefully considered at the time of siting. These 
effects and their sources are discussed in the following paragraphs. 

DEGRADED P E R F O R W C E  EFFECTS. 

a. Screening. 

(1) Within the range and scan limits of the radar/beacon system, 
there exist regions of ground terrain and navigable airspace 
which are not illuminated by the radar or beacon system. Those 
regions are created by the screening or shadow effects of ground 
terrain features and/or any of a variety of man-made structures 
about the ASR/ATCRBS site, For purposes of ASR/ATCRBS siting, 
two types of screening are of interest. One concerns thescreen- 
ing of portions of the navigable airspace where aircraft may be 
present but remain undetected. The other involves the deliber- 
ate use of screening to shield ground, terrain, structures, 
roads, etc., from the ASR/beacon illumination. The latter is 
very important as a technique for reducing if not eliminating 
many of the operational shortcomings (i.e., clutter, lobing, 
false targets, etc.) of the ASR/ATCRBS produced by reflections 
from ground terrain, buildings, etc. 
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Height Above R a d a r  Antenna ( F t  x 10' )  

R a d a r  E l e v o t i o n  Angle (DEGREES) 



Range ( Nautical Miles 
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The e f f e c t s  produced by screening  a r e  determined from geo- 
me t r i c  cons ide ra t ions  only .  When t h e  e a r t h  is  smooth, t h e  
cu rva tu re  of t h e  e a r t h  causes t h e  a r e a  beyond t h e  horizon t o  
be i n v i s i b l e  t o  t h e  r ada r  beam, a s  shown i n  f i g u r e  2-9. I f  
t h e r e  a r e  h i l l s ,  mountains, o r  man-made o b j e c t s  i n  t h e  r ada r  
pa th  above t h e  hor izon ,  t h e  screened a r e a  i s  increased  and 
t h e  r a d a r  v i s i b i l i t y  i s  reduced, as  shown i n  f i g u r e  2-10. 
On t h e  e a r t h ' s  s u r f a c e  the  t h r e e  p r i n c i p a l  parameters f o r  
determining screen  e f f e c t s  a r e  t h e  m s l  he ight  of  t h e  antenna,  
t h e  m s l  he igh t  of t h e  screen  o b j e c t ,  and t h e  d i s t a n c e  between 
t h e  antenna and screening  o b j e c t .  Frequent ly,  t h e s e  param- 
e t e r s  a r e  combined t o  determine a  screening  angle t h a t  i s  
used ex tens ive ly  i n  a s se s s ing  10s coverage. 

(a) Radar Line-of-Sight .  

1. The s i g n a l  pa th  from t h e  r a d a r  antenna t o  t h e  upper - 
l i m i t  of a  sc reening  o b j e c t ,  whether i t  be a  h i l l ,  
a  s t r u c t u r e ,  o r  t h e  horizon i s  c a l l e d  t h e  r a d a r  10s. 
Over t h e  e a r t h ' s  s u r f a c e ,  t h i s  10s pa th  i s  curved, 
u sua l ly  downward, a s  shown i n  f i g u r e  2-11, due t o  
r e f r a c t i o n  by t h e  e a r t h ' s  atmosphere. This  curved 
s i g n a l  path can be considered a  s t r a i g h t  l i n e ,  a s  
shown i n  f i g u r e  2-12 and appendix 3, by r ep lac ing  
t h e  a c t u a l  r ad ius  of t h e  e a r t h ,  a ,  by an equiva len t  
e a r t h  of r ad ius  ka ,  where k = 4/3  f o r  a  s tandard  
e a r t h  atmosphere. Any change i n  atmospheric con- 
d i t i o n s  which r e s u l t s  i n  a  change i n  t h e  s tandard  
cu rva tu re  of t h e  r a d a r  pa th  can be accounted f o r  by 
a  change i n  t h e  va lue  of k .  

The r a d a r  10s e s t a b l i s h e s  t h e  maximum t h e o r e t i c a l  
range ob ta inab le  a t  a  given a l t i t u d e  and i s  used t o  
determine t h e  a i r s p a c e  coverage about t h e  r ada r /  
beacon s i t e .  This  range o r  c u t o f f  i s  gene ra l ly  
measured along t h e  r a d a r  10s t o  t h e  i n t e r s e c t i o n  
wi th  t h e  a l t i t u d e  curve o f  i n t e r e s t  shown i n  f i g u r e  
2-10. However, f o r  a s se s s ing  10s coverage about t h e  
s i t e  l o c a t i o n , t h e  p r o j e c t i o n  o f  t h i s  range onto t h e  
s u r f a c e  of  t h e  e a r t h  i s  p r e f e r r e d .  This  range pro- 
j e c t i o n  is  i n d i c a t e d  i n  f i g u r e  2-10, a s  t h e  a l t i t u d e  
c u t o f f  d i s t a n c e .  

(b) Screening Angle. The amount of sc reening  a s s o c i a t e d  
wi th  radar/beacon s i t e  can be expressed i n  terms of  t h e  
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screening  angle  (Bs) . This i s  t h e  angle  formed by t h e  
r a d a r  10s and t h e  h o r i z o n t a l  r e f e rence  l i n e  a t  t h e  
r a d a r  antenna a s  shown i n  f i g u r e s  2-9 and 2-10. The 
angle  may be p o s i t i v e  o r  nega t ive  depending on t h e  e l e -  
v a t i o n  of t h e  antenna s i t e  and t h e  range and e l e v a t i o n  
of  t h e  screening  o b j e c t .  
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FIGURE 2-11. BENDING OF ANTENNA BEAM BECAUSE OF REFRACTION 
(TRUE EARTH RADIUS, a) 

FIGURE 2-12. S Y I E  OF ANTENNA BEAM IN EQUIVALENT EARTH REPRESENTA- 
TION (RADIUS = 4/3 a) 

ka = 413 Ear th  Radius 
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(c)  Curved Earth Screening.  

1. A s  i l l u s t r a t e d  i n  f i g u r e  2-9, t h e  curva ture  of t he  - 
e a r t h  causes screening  of t h e  a i r s p a c e  beyond t h e  
horizon.  The range t o  t h e  s e a  horizon f o r  a  given 
antenna he igh t  i s  given by t h e  r e l a t i o n s h i p  

where 

d  = d i s t a n c e  i n  n a u t i c a l  miles  t o  t h e  s e a  
horizon 

h  = antenna he igh t  i n  f e e t  (msl) a  

k  = equiva len t  e a r t h  r ad ius  f a c t o r  

2 .  Comparing t h e  o p t i c a l  10s d i s t a n c e ,  d7/6 ( f o r  which - 
k = 7/6 t o  account f o r  o p t i c a l  r e f r a c t i o n ) ,  and t h e  
r a d a r  10s d i s t ance ,  d4/3 ( where k = 4/3  f o r  s t and -  
a r d  atmosphere),  we s e e  t h a t :  

Hence, because of  t h e  bending of  t h e  r a d i o  waves, 
t h e  v i s i b l e  r a d a r  horizon i s  extended 7% beyond t h e  
o p t i c a l  s e a  hor izon .  For o t h e r  values of k, t h i s  
r a d a r  10s d i s t a n c e  w i l l  be p ropor t iona l ly  l a r g e r  o r  
sma l l e r .  Figure 2-13 provides a  g raph ica l  means f o r  
determining r a d a r  range, d, t o  t h e  s e a  hor izon  a s  a  
func t ion  of antenna he igh t  f o r  s e v e r a l  va lues  o f  k.  
In  t h i s  p l o t ,  t h e  antenna h e i g h t  is  t h e  e l e v a t i o n  
of t h e  antenna r e l a t i v e  t o  t h e  m s l .  For a  smooth 
e a r t h  where t h e  ground t e r r a i n  i s  above s e a  l e v e l ,  
t h e s e  curves can be  used t o  determine range t o  t h e  
hor izon  by r e f e r r i n g  them t o  t h e  e f f e c t i v e  antenna 
h e i g h t ,  t h a t  i s ,  t h e  h e i g h t  above t h e  e l e v a t i o n  of 
t h e  e a r t h  t e r r a i n .  

Obs tac le  Screening.  

1. The e f f e c t  of  r a i s i n g  t h e  r a d a r  l o s ,  and thereby  - 
t h e  screening  angle ,  i s  t o  reduce t h e  maximum range 
a t  which a i r c r a f t  a t  a  given a l t i t u d e  a r e  v i s i b l e .  
This  e f f e c t  i s  i l l u s t r a t e d  i n  f i g u r e  2-14. I n  t h e  
f i g u r e  t h e  antenna he igh t  i s  a t  s e a  l e v e l  and t h e  
maximum range a t  which t h e  5,000 f e e t  a l t i t u d e  l e v e l  
i s  v i s i b l e  f o r  a  O0 sc reen  ang le  is  87 nmi. I f  t h e  
r a d a r  10s is changed t o  produce a  screening  ang le  of 
+lo, t h e  l i m i t  f o r  5,000 f e e t  a l t i t u d e  i s  reduced t o  
38 nmi--a r educ t ion  i n  range o f  49 nmi, o r  56%. 
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2. For the  type of obs tac le  screening depic ted  i n  f i g -  - 
ure  2-10, the  10s boundary between t h e  i l luminated  
and screened a i rspace  i s  defined by t h e  following 
equation ( these  equations a r e  a l s o  t h e  b a s i s  f o r  
f i g u r e  2-14, see  appendix 3 f o r  de r iva t ion) .  

which f o r  small angles ( i . e . ,  es < 100) can be 
wr i t t en  approximately a s :  

where 

B S  = screening angle i n  degrees 

hS = ms1 e leva t ion  of t h e  screening ob jec t ,  o r  
any o ther  des i red  po in t ,  i n  f e e t  

= m s l  e l eva t ion  of the '  antenna phase cen te r  
ha center  i n  f e e t  

dS = ground d i s t ance  i n  n a u t i c a l  miles between 
antenna and screening ob j e c t  

k = equivalent  e a r t h  radius  f a c t o r .  

3. By inspect ion ,  t h i s  equation shows t h a t  the  value - 
of t h e  screen-angle ,  €Is, depends on t h e  equivalent  
e a r t h  r ad ius  f a c t o r ,  k, f o r  a given antenna height ,  
and screening objec t  d is tance  and he igh t .  I f  the  
value k = 7/6 i s  used, the  angle obtained represents  
t h e  screen angle e s t ab l i shed  by the  o p t i c a l  10s t o  
t h e  screening ob jec t .  I f  k = 4/3, t h e  value ob- 
ta ined corresponds t o  the  screen angle e s t ab l i shed  
by t h e  radar  10s t o  the  ob jec t .  Since screening 
angles a r e  measured o p t i c a l l y  during s i t e  surveys, 
i t  i s  of  i n t e r e s t  t o  compare these  two angles.  I f  
equation 2-9 (above) i s  solved using k = 7/6, t h e  
o p t i c a l  screen angle, go,, i s  given by: 

and, i f  k = 4/3, t h e  equivalent  radar  screen angle,  

J 

i s  : 
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which can be w r i t t e n  a s :  

4.  From t h i s  r e l a t i o n s h i p  (which i s  p l o t t e d  i n  f i g u r e  - 
2-15),  i t  i s  seen  t h a t  t h e  r a d a r  sc reen  angle i s  
always more POSITIVE ( i .  e .  , higher )  than  t h e  cor -  
responding o p t i c a l  s c reen  angle .  This should not 
be i n t e r p r e t e d ,  however, t o  mean t h a t  because o f  
t h i s  i n c r e a s e  i n  r a d a r  10s angle  t h e  a i r s p a c e  
screened  from t h e  r a d a r  i s  increased .  The a i r s p a c e  
screened  by t h e  o p t i c a l  10s is  measured r e l a t i v e  t o  
t h e  curved s u r f a c e  of  an equ iva l en t  7/6 e a r t h  
r a d i u s ,  whereas t h e  a i r s p a c e  screened by t h e  r a d a r  
10s i s  measured r e l a t i v e  t o  t h e  curved s u r f a c e  o f  
an equ iva l en t  4 / 3  e a r t h  r ad ius .  Because o f  t h i s  
d i f f e r e n c e  i n  t h e  two curva tures  t h e  screened  a i r -  
space beneath t h e  r a d a r  10s i s  a c t u a l l y  l e s s  than 
t h e  o p t i c a l l y  screened  a r e a .  

. One consequence of  t h i s  reduced r a d a r  sc reening  
reg ion  i s  t h a t  i t  i s  sometimes p o s s i b l e  t o  g e t  
r a d a r  r e t u r n s  from o b j e c t s  beyond t h e  sc reen ing  ob- 
s t a c l e s  t h a t  a r e  n o t  v i s i b l e  o p t i c a l l y .  Also, it 
i s  p o s s i b l e  f o r  t h e  r a d a r  t o  d e t e c t  a i r c r a f t  a t  
a l t i t u d e s  t h a t  a r e  below t h e  o p t i c a l  10s. This  
d i f f e r e n c e  i n  a l t i t u d e  coverage i s  a t t r i b u t a b l e  t o  
t h e  bending of t h e  r a d a r  s i g n a l s  through t h e  e a r t h ' s  
atmosphere which i s  accounted f o r  i n  terms of  t h e  
equ iva l en t  e a r t h  r ad ius  f a c t o r  k .  Mathematically,  
t h i s  d i f f e r e n c e  i n  a l t i t u d e  coverage can be ex- 
p re s sed  by t h e  r e l a t i o n s h i p  ( see  appendix 3 )  : 

where 

h = a l t i t u d e  o r  o b j e c t  he igh t  i n  f e e t  along 
0 t h e  o p t i c a l  10s 
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h = a l t i t u d e  o r  o b j e c t  he igh t  i n  f e e t  a long r t h e  r a d a r  10s 
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figure 2 - 15. RADAR - OPTICAL SCREENING ANGLE CORRECTION 



ds = ground range t o  screening  o b j e c t  i n  
n a u t i c a l  m i l e s  

d  = ground range i n  n a u t i c a l  mi l e s  (d > ds) 

6.  I f  t h e  d i s t ance ,  d,, t o  t h e  sc reen  o b j e c t  is assumed t o  - 
b e  10 mi, then  t h e  d i f f e r e n c e  between t h e  o p t i c a l  and 
r a d a r  a l t i t u d e s  v i s i b l e  a t  a cu tof f  range d  = 50 nmi is  

which f o r  k = 4 1 3  is 

h  - hr = 189.5 f e e t .  
0 

7. This shows t h a t  a t  a range of 50 nmi t h e  a l t i t u d e  coverage - 
f o r  t h e  r a d a r  is 189.5 f e e t  below t h a t  which is  o p t i c a l l y  
v i s i b l e .  Hence, i f  t h e  minimum a l t i t u d e  t h a t  i s  o p t i c a l l y  
v i s i b l e  a t  50 nmi i s  5000 f e e t ,  then  the  r ada r  can "see" 
o b j e c t s  down t o  (5000-189.5) o r  4810.5 f e e t .  F igure  2-16 
shows p l o t s  of t h i s  a l t i t u d e  coverage d i f f e r e n c e  f o r  var- 
i ous  s c reen  o b j e c t  d i s t ances .  A s  can be seen i n  t h e s e  
p l o t s ,  t he  d i f f e r e n c e  i n  a l t i t u d e  v i s i b i l i t y  is  most pro- 
nounced when t h e  sc reen  o b j e c t s  a r e  c l o s e  t o  t h e  r a d a r  
s i t e .  For d i s t a n t  sc reen  o b j e c t s ,  t h e  e f f e c t  i s  s t i l l  
p re sen t ,  however n o t  a s  g r e a t .  

(e )  Shie ld ing .  

1. Ter ra in ,  f i x e d  s t r u c t u r e s ,  and s u r f a c e  t r a f f i c  w i th in  v i s -  - 
u a l  range of t h e  ASRIbeacon antenna system r e f l e c t  r a d a r  
energy which can degrade performance of t h e  ASRIbeacon 
system. Such r e f l e c t i o n s  can produce lob ing  of t h e  ASR 
and ATCBI r a d i a t i o n  p a t t e r n s ,  s eve re  ASR ground c l u t t e r ,  
and f a l s e - t a r g e t  d i s p l a y s  f o r  bo th  t h e  ASR (due t o  moving 
t r a f f i c )  and beacon. It is ,  t h e r e f o r e ,  d e s i r a b l e  t o  min- 
imize t h e  e x t e n t  of t h e  ground s u r f a c e  and o b s t a c l e s  su r -  
rounding t h e  s i t e  which a r e  d i r e c t l y  exposed t o  i l lumina-  
t i o n  by t h e  ASR and beacon. A s i t e  surrounded by c lose - in  
s c reen ing  o b j e c t s ,  o r  t e r r a i n  where these  obsta,cles cast 
shadows on t h e  ground s u r f a c e  and o b j e c t s  beyond them, is 
h igh ly  d e s i r a b l e  f o r  t h e s e  purposes.  Where t h e s e  screen-  
i ng  o r  s h i e l d i n g  o b j e c t s  a r e  r e l a t i v e l y  c l o s e  t o  t h e  s i te  
(wi th in  2 nmi),  t h e  screening  angle  can gene ra l ly  b e  con- 
t r o l l e d  by choice of t h e  e f f e c t i v e  antenna h e i g h t  (25-85 
f e e t  i n  10-foot increments  f o r  t h e  ASR-4B, 5, 6  and 7 ,  and 
27.2-87.2 f e e t  i n  10-foot increments f o r  t h e  ASR-55, 
6E, 7E and 8 ) .  This  i s  important  s i n c e  t o o  g r e a t  a  * 
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FIGURE 2-16. 

DIFFERENCE BETWEEN RADAR AND OPTICAL SCREENW 
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screening  angle  can r e s u l t  i n  a  s i g n i f i c a n t  l o s s  i n  
a i r s p a c e  coverage. For example, each one-tenth of  a  
degree inc rease  i n  screening above t h e  horizon sac -  
r i f i c e s  about 600 f e e t  of v e r t i c a l  coverage a t  a  
d i s t a n c e  of 60 nmi, a s  can be seen i n  f i g u r e  2  o f  
appendix 3 .  

2 .  Shie ld ing  up t o  0.2S0 screening  angle  above t h e  - 
l o c a l  ho r i zon ta l  may, i n  c e r t a i n  ca ses ,  be consid- 
e r ed  worth t h e  s a c r i f i c e  i n  coverage t o  reduce 
ground r e f l e c t i o n s .  I f  a  sc reen  angle  o f  0.2S0 i s  
s e l e c t e d ,  t h e  range reduct ion  a t  an a l t i t u d e  of  
5,000 f e e t  i s  20 nmi a s  shown i n  f i g u r e  2 - 1 4 .  How- 
eve r ,  whatever t h e  va lue  a c t u a l l y  s e l e c t e d ,  due con- 
s i d e r a t i o n  should be given t o  t h e  r e s u l t i n g  loss  i n  
a i r s p a c e  coverage wi th  r e spec t  t o  t h e  ope ra t iona l  
coverage requirements .  

3 .  The use  of obs t ruc t ions  c l o s e  t o  t h e  antenna f o r  - 
s h i e l d i n g ,  a l though no t  a f f e c t i n g  low angle  cover- 
age,  may s t i l l  c r e a t e  problems due t o  d i f f r a c t i o n .  
Spec ia l  a t t e n t i o n  should be given t o  t h i s  e f f e c t  
when s e l e c t i n g  s i t e s  wi th  o b s t r u c t i o n s  ( towers ,  
fences ,  bu i ld ings ,  e t c . )  c l o s e r  than  2,500 f e e t .  
The e f f e c t s  o f  d i f f r a c t i o n  a r e  more pronounced from 
o b s t r u c t i o n s  and/or s h i e l d i n g  o b j e c t s  c l o s e  t o  t h e  
antenna. 

b .  V e r t i c a l  Lobing. 

(1) Ground r e f l e c t i o n  occurs  when t h e  beam r a d i a t e d  from t h e  
antenna s t r i k e s  t h e  s u r f a c e  of t h e  e a r t h  and bounces upward. 
The v e r t i c a l  coverage of  a  r a d a r  can vary  g r e a t l y  due t o  
ground r e f l e c t i o n s  s i n c e  t h e  r e f l e c t e d  wave may a r r i v e  a t  
t h e  t a r g e t  i n  a  phase r e l a t i o n s h i p  which w i l l  e i t h e r  a i d  o r  
oppose t h e  d i r e c t  wave. This  e f f e c t  causes a  decrease  i n  
t h e  o v e r a l l  amount of  power s t r i k i n g  t h e  t a r g e t  a t  c e r t a i n  
a l t i t u d e s  and an inc rease  i n  t h e  amount of power s t r i k i n g  
t h e  t a r g e t  a t  o t h e r  a l t i t u d e s .  The a l g e b r a i c  a d d i t i o n  of  
t h e  r e f l e c t e d  wave and t h e  d i r e c t  wave phasors c r e a t e s  a  
v e r t i c a l  r a d a r  coverage p a t t e r n  cons i s t i ng  of a r e a s  of mini- 
mum power, c a l l e d  n u l l s ,  and maximum power, c a l l e d  lobes ,  a s  
shown i n  f i g u r e  2-17. 
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(2) Ground r e f l e c t i o n  i s  a  v a r i a b l e  f a c t o r ,  depending mainly on 
t h e  type  o f  t e r r a i n .  Ref lec t ion  i s  g r e a t e s t  when t h e  r e -  
f l e c t i n g  s u r f a c e  is  smooth, such a s  a  calm sea .  When t h e  
r e f l e c t i n g  s u r f a c e  i s  uneven, such a s  encountered on land o r  
a  choppy s e a ,  r e f l e c t i o n  i s  decreased.  Uneven land a r e a s ,  
t r e e s ,  g r a s s ,  o r  a  choppy s e a ,  may absorb a  l a r g e  po r t ion  of 
t h e  r a d i a t e d  energy o r  cause a  s c a t t e r i n g  of t h e  energy, thus  
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FIGURE 2-17 .  TYPICAL VERTICAL RADIATION PATTERN WITH 
GROUND REFLECTION 

LEGEND : 

DOTTED LINE = FREE-SPACE PATTERN 

SOLID LINE = GROUND REFLECTED PATTERN 
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reducing t h e  amount of  r e f l e c t e d  energy adding t o  o r  sub- 
t r a c t i n g  from t h e  d i r e c t  wave. 

(3) The v e r t i c a l  lobing p a t t e r n  r e s u l t i n g  from ground r e f l e c t i o n s  
i s  dependent upon t h e  r a d a r  design c h a r a c t e r i s t i c s ,  and upon 
s e v e r a l  f a c t o r s  determined a t  t h e  t ime of s i t e  s e l e c t i o n .  
The l a t t e r  a r e :  

(a)  Antenna he igh t  above t h e  r e f l e c t i n g  s u r f a c e ,  

(b) Antenna tilt angle ,  and 

(c)  Sur face  r e f l e c t i o n  c h a r a c t e r i s t i c s .  

(4) Careful  cons ide ra t ion  should be  given t o  t h e s e  f a c t o r s  s o  as  
t o  minimize t h e  occurrence o f  lob ing ,  and t o  c o n t r o l  t h e  lo-  
c a t i o n  of unavoidable lobes such t h a t  o v e r a l l  r a d a r  and bea- 
con performance is  not  impaired. Means f o r  cons ider ing  t h e s e  
f a c t o r s  a r e  d iscussed  below. 

(a)  Lobing Analysis .  (A more d e t a i l e d  t rea tment  may be 
found i n  r e f e rence  7 . )  

1. Consider an antenna mounted a t  h e i g h t ,  ha,  above a  - 
smooth, f l a t  r e f l e c t i n g  s u r f a c e ,  and a  t a r g e t  a t  
range R,  and a l t i t u d e ,  h t ,  a s  shown i n  f i g u r e  2-18. 
Energy r a d i a t e d  by t h e  r ada r  antenna a r r i v e s  a t  t h e  
t a r g e t  by two s e p a r a t e  pa ths - - the  d i r e c t  pa th  and 
t h e  pa th  r e f l e c t e d  from t h e  p lane  s u r f a c e .  Modifi- 
c a t i o n  of  t h e  f i e l d  s t r e n g t h  a t  t h e  t a r g e t  caused 
by t h e  presence of t h e  ground may be  expressed by 
t h e  r a t i o  (sometimes c a l l e d  e a r t h  g a i n  f a c t o r )  : 

f i e l d  s t r e n g t h  a t  t a r g e t  
i n  presence of ground 

r l =  f i e l d  s t r e n g t h  a t  t a r g e t  
i f  i n  f r e e  space 

- 

2 .  The phase d i f f e r e n c e  between d i r e c t  and r e f l e c t e d  - 
s i g n a l s  corresponding t o  t h e  d i f f e r e n c e  i n  pa th  
length  i s  

3. This i s  based on assuming (1) h t  >> ha,  (2) 8 = J I ,  - 
(3) 8 & I) a r e  small  ang le s .  Under t h e s e  condi t ions  
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Figure 2 - 18. VERTICAL LOBING PATH GEOMETRY 
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4 .  To $d must b e  added t h e  phase  s h i f t  r e s u l t i n g  from t h e  - 
r e f l e c t i o n  of t h e  wave a t  t h e  ground. The r e f l e c t i o n  
c o e f f i c i e n t ,  I", of t h e  ground may b e  w r i t t e n  as 

where P r e p r e s e n t s  t h e  ampl i tude  change,  and $, r e p r e s e n t s  
t h e  phase  change upon r e f l e c t i o n .  Determinat ion of r ,  
which may e n t a i l  some d i f f i c u l t y ,  i s  dependent upon s i g n a l  
p o l a r i z a t i o n  and t e r r a i n  c h a r a c t e r i s  t i c s .  T h i s  i s  d i s -  
cussed  i n  a subsequen t  subparagraph .  For purposes  of t h i s  
a n a l y s i s ,  a  c o n s e r v a t i v e  r e s u l t  i s  o b t a i n e d  by assuming 
p = 1, = T. T h i s  g i v e s  * 

5. The r e s u l t a n t ,  Er, of  two s i g n a l s  w i t h  f i e l d  s t r e n g t h  - 
a m p l i t u d e s  E l  and E2 and phase  d i f f e r e n c e  @ i s  

6 .  T h e r e f o r e ,  t h e  r a t i o  of s i g n a l  i n c i d e n t  on t h e  t a r g e t  t o  - 
t h a t  which would be  i n c i d e n t  i f  t h e  t a r g e t  were l o c a t e d  
i n  f r e e  s p a c e  is  

which r e d u c e s  t o  

7. The f i e l d  s t r e n g t h  r a t i o  i s  r e l a t e d  t o  t h e  a n t e n n a  g a i n  - 
r a t i o  b y  E2/E1 = p '-, which f o r  p = 1 r e d u c e s  t o :  
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where 

Gl  = numerical antenna power pain i n  d i r e c t i o n  
of t a r g e t  

G2 = numerical antenna power gain i n  d i rec t ion  
of  r e f l e c t i o n  point .  

Hence 

and s ince  under t h e  assumptions made previously 

8. Minimum values of TI occur when - 

o r  when 

9 .  Rearranging f o r  use with common u n i t s  and noting - 
t h a t  A = c / f ,  nmin occurs when 

where 

= antenna height  i n  f e e t  

f = frequency i n  H z  

10. Under t h i s  condit ion - 
1/2 

"mi n 
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emin i s  p l o t t e d  i n  f i g u r e s  2-19 and 2-20 f o r  ASR and ATCBI 
f requencies  and %in is p l o t t e d  i n  f i g u r e  2-21 a s  a  func- 

of Gq/G,. t ion 

I n  a  

L -  A 

s i m i l a r  manner, maximum va lues  of n occur  when 

e max 

where 

h  = 
a  

= 

antenna he igh t  i n  f e e t  

frequency i n  MHz 

A t  t he se  ang le s  

(2-27) 

2-22, 2-23, and 2-24. 

1 + 

a r e  

4 

p l o t t e d  i n  f i g u r e s  

Squaring equat ion  2-15 (p. 91) shows t h a t  q2 r e p r e s e n t s  
t h e  r a t i o  of POWER a t  the  t a r g e t  wi th  and wi thout  ground 

2 r e f l e c t i o n .  Therefore,  r~ may a l s o  be used t o  determine 
t h e  e f f e c t  on range coverage when t h e  t r ansmi t t ed  power 
i s  he ld  cons tan t .  * 
ATCBI Case. For beacon opera t ion ,  t he  minimum d e t e c t a b l e  
t ransponder  input  i s  reached a t  a  f ree-space range (terms 
def ined  a s  i n  equat ion  2-5, p .  66) : 

With ground r e f l e c t i o n s  t h i s  range becomes Rr where 
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Null Angle , emin (Degrees)  
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figure 2- 22. LOBE PEAK ANGLES AT 2800 MHz 

Page 99 



Chap 2 
Par 22 

Page 100 



Chap 2 
Par 2 2  Page 101 



6310.6 CHG 1 

Range coverage  w i t h  r e f l e c t i o n s  is  t h u s  s imply Tl 
t imes  t h e  f ree - space  range .  

1 5 .  ASR Case. For  ASR o p e r a t i o n  a  two-way r a d a r  p a t h  i s  - 
invo lved ,  and by r e c i p r o c i t y  t h e  same r e f l e c t i o n  
e f f e c t  o c c u r s  f o r  b o t h  t r a n s m i t t e d  and echo s i g n a l s .  
I n  t h i s  c a s e ,  t h e r e f o r e ,  t h e  r a t i o  of r a d a r  r e t u r n  
power w i t h  ground r e f l e c t i o n  t o  r e t u r n  power i n  f r e e  
s p a c e  is  11: , where t h e  s u b s c r i p t s  t and e r e f e r  t o  
t r a n s m i t  and echo p a t h s ,  r e s p e c t i v e l y .  For ASR-4B, 5, 
6 ,  and 7 which a lways use  t h e  same antenna f o r  t r a n s -  

2 m i t r i n g  and r e c e i v i n g  11: = 11, = n2 and t h e  r e t u r n  
power r a t i o  i s  n4. 

1 6 .  Under t h i s  c o n d i t i o n ,  t h e  m o d i f i c a t i o n  i n  coverage - 
range  f o r  d e t e c t i o n  a t  t h e  same power l e v e l  i s  

R 
r - =  (ASR-4B, 5, 6 ,  and 7 ,  and 

ASR-5E, 6E, 7E and 8 w i t h  (2-30) 
Rf main a n t e n n a  o n l y )  

(Free-space r a n g e ,  Rf , f o r  ASR's can be  determined 
from e q u a t i o n  2-1 (p .  64) and p l o t t e d  i n  f i g u r e s  2-1 
th rough  2-6.) 

17 .  I n  t h e  c a s e  of t h e  ASR-5E, 6E, 7E and 8 ,  however, - 
near - range  o p e r a t i o n  w i l l  i n  a l l  l i k e l i h o o d  make u s e  
of t h e  main a n t e n n a  f o r  t r a n s m i s s i o n  and t h e  p a s s i v e  
horn f o r  s i g n a l  r e c e p t i o n .  

1 8 .  I n  t h i s  s i t u a t i o n  r~: # n: due t o  t h e  d i f f e r i n g  a n t e n n a  - 
p a t t e r n s ,  and each must be determined s e p a r a t e l y .  The 
range  m o d i f i c a t i o n  f o r  t h i s  c a s e  i s  

R (ASR-SE, 6E, 7E and 8  
= w i t h  d u a l  beam an tenna)  (2-31) 

Rf 
t e  

19 .  To summarize, t h e  e f f e c t s  of v e r t i c a l  l o b i n g  may be  - 
examined by de te rmin ing  t h e  a n g l e s  of n u l l s  and 
l o b e s  from f i g u r e s  2-19 and 2-20, o r  2-22 and 2-23 
f o r  t h e  p a r t i c u l a r  r a d a r  an tenna  h e i g h t  and f r e -  
quency. I t  s h o u l d  be no ted  t h a t  r a d a r  h e i g h t  h e r e  
means h e i g h t  of t h e  p a r t i c u l a r  an tenna  above t h e  
smooth r e f l e c t i n g  s u r f a c e .  Th is  may d i f f e r  cons id -  
e r a b l y  from t h e  h e i g h t  above ground a s  i l l u s t r a t e d  
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i n  f i g u r e  2-25. A s  mentioned above,  t h e  a n a l y s i s  g i v e n  
h e r e  assumes a  f l a t  e a r t h .  m i l e  t h i s  assumption gen- 
e r a l l y  produces  l i t t l e  e r r o r  i n  t e r m i n a l  ASRIATCBI s i t i n g ,  
a  more a c c u r a t e  curved e a r t h  a n a l y s i s  shou ld  be  used f o r  
v a l u e s  o f  ha above 100 f e e t .  For t h i s  c a s e ,  n u l l  a n g l e s  
may be determined u s i n g  t e c h n i q u e s  d e s c r i b e d  i n  r e f e r -  
ence  7.  

The f i r s t  n u l l  (n = 2) is  t h e  one which w i l l  c a u s e  t h e  
g r e a t e s t  t r o u b l e  w i t h  t h e  second and t h i r d  n u l l s  b e i n g  
l e s s e r  i n  importance,  f o r  a i r  r o u t e  and f i x  coverage 
where a i r c r a f t  a r e  f l y i n g  a t  a  r e l a t i v e l y  c o n s t a n t  a l t i -  
t u d e .  However, t h e  n u l l  a n g l e  becomes c r i t i c a l  when i t  
approaches  t h e  g l i d e  s l o p e  a n g l e  of a i r c r a f t  a r r i v i n g  a t  
a i r p o r . t s  i n  t h e  coverage a r e a .  In  t h i s  s i t u a t i o n ,  h i g h e r  
o r d e r  n u l l s  may be d e t r i m e n t a l  t o  a i r  t r a f f i c  coverage .  
Higher  o r d e r  n u l l s  can a l s o  a f f e c t  h i g h - a l t i t u d e  f i x  
coverage .  The p l o t t e d  l o b e  n u l l  and maximum a n g l e s  i n d i -  
c a t e  t h a t  t h e  ATCBI w i l l  e x p e r i e n c e  fewer  l o b e s  below a  
a l t i t u d e  than  w i l l  an ASR system.  

21.  Once t h e  e l e v a t i o n  a n g l e s  of t h e  lobe  peaks  and n u l l s  a r e  - 
determined ( w i t h  r e s p e c t  t o  h o r i z o n t a l ) ,  t h e  cor responding  
e a r t h  g a i n  f a c t o r s ,  TI, can be  found. To do t h i s  t h e  
an tenna  power g a i n s  G I  and G2 a t  a n g l e s  f emin a n d / o r  
2 emax a r e  found. These may be  determined from t h e  
a p p r o p r i a t e  an tenna  e l e v a t i o n  p a t  t e r n  diagrams g iven  i n  
c h a p t e r  1. I t  shou ld  be  n o t e d ,  however, t h a t  t h e  g a i n  
d e t e r m i n a t i o n s  must account  f o r  an tenna  t i l t  a n g l e  a s  
t h i s  can a l t e r  computat i o n a l  r e s u l t s .  The a n g u l a r  r e l a -  
t i o n s h i p  i s  i l l u s t r a t e d  i n  f i g u r e  2-26. I n  l i k e  manner, 
any s l o p e  of t h e  r e f l e c t i n g  s u r f a c e  must be t a k e n  i n t o  
account  f o r  p r o p e r  d e t e r m i n a t i o n  of emin and emax. 

22.  With G1 and G 2  de te rmined ,  hin and %ax a r e  found - 
d i r e c t l y  from f i g u r e s  2-21 and 2-24. For ATCBI and 
ASR-4B, 5 ,  6 ,  and 7  sys tems ,  t h e  range coverage a t  e a c h  
c r i t i c a l  n u l l  o r  maximum a n g l e  i s  t h e n  found by d i r e c t  
m u l t i p l i c a t i o n  of f r e e - s p a c e  r a n g e ,  a s  de te rmined  f o r  t h e  
p l o t s  i n  s e c t i o n  3 ,  by t h e  cor responding  v a l u e  of n .  For  
ASR-5E, 6E, 7E, and 8 t h i s  i s  s l i g h t l y  more d i f f i c u l t  * 
s i n c e  use  of b o t h  an tenna  p a t t e r s  w i l l  p roduce two v a l u e s  
o f  %ax and %in f o r  each c r i t i c a l  a n g l e .  The a p p r o x i -  
mate range  m u l t i p l i e r  i n  t h i s  c a s e  i s  t h e  squarG r o o t  of 
t h e  p roduc t  of t h e  and %in's.  
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FIGURE 2-26 .  ANGULAR RELATIONSHIPS FOR 
NULL DEPTH DETERMINATION 

Representative Antenna 
Pattern 

= Antenna Tilt Angle (to nose of beam) 

8, = Antenna Elevation Angle (below nose of beam) 
of Target 

0, = Antenna Elevation Angle (below nose of beam) 
of Reflection Point 
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The development shows t h a t  t h e  va lues  of t h e  n u l l  
angles  a r e  dependent on ly  upon antenna he igh t  f o r  a 
given r a d a r  o r  beacon. This  i s  demonstrated by t h e  
curves i n  f i g u r e s  2-19 and 2-20. The depth o f  n u l l ,  
however, i s  dependent upon antenna tilt angle  a s  
shown i n  f i g u r e s  2-27 through 2-35. This  i s  i l l u s -  
t r a t e d  by t h e  p a r t i a l  r a d a r  coverage diagrams 
sketched i n  f i g u r e s  2-36 and 2-37. 

24. I t  should be remembered t h a t  t h e  development given - 
he re  a l s o  assumes a smooth r e f l e c t i n g  s u r f a c e  which 
provides no a t t e n u a t i o n  and 180° s i g n a l  phase s h i f t ,  
and assumes smal l  angles  and d i s t a n t  t a r g e t s  such 
t h a t  0 = Q i n  f i g u r e  2-18. The l a t t e r  assumption 
provides l i t t l e  e r r o r  when ha < 100 f e e t ;  t h e  
e f f e c t s  of t h e  o t h e r  assumptions a r e  d iscussed  i n  
t h e  fol lowing subparagraphs.  

(b) Te r ra in  Roughness E f f e c t s  . 
V e r t i c a l  lobing e f f e c t s ,  as suggested above, a r e  
q u i t e  dependent upon t h e  t e r r a i n  s u r f a c e .  Reflec- 
t i o n  is g r e a t e s t  when t h e  r e f l e c t i n g  s u r f a c e  i s  
smooth, such a s  a runway o r  calm sea .  When t h e  r e -  
f l e c t i n g  s u r f a c e  i s  uneven, such a s  i s  encountered 
on land o r  wi th  a choppy s e a ,  r e f l e c t i o n  i s  de- 
creased.  Uneven land a r e a s ,  t r e e s ,  g r a s s ,  rough 
s e a ,  e t c . ,  may i n  f a c t ,  absorb a l a r g e  p o r t i o n  of 
t h e  r a d i a t e d  energy o r  cause s c a t t e r i n g  of t h e  
energy, t hus  v i r t u a l l y  n u l l i f y i n g  any e f f e c t  of 
r e f l e c t e d  s i g n a l s  upon t h e  d i r e c t  wave. 

2 .  A s  a c r i t e r i o n  f o r  t h e  occurrence of lobing e f f e c t s  - 
i t  is  convenient t o  assume a s u r f a c e  t o  be smooth 
(and consequently a good r e f l e c t o r )  i f  t h e  he ight  
of  s u r f a c e  i r r e g u l a r i t i e s ,  Ah, a t  t h e  r e f l e c t i o n  
po in t  produces a n e t  s i g n a l  phase d i f f e r e n c e  of 
l e s s  than 450. This occurs  when Ah 5 Ahc where 

2 Ahc s i n  + = X/8 (2- 32) 

and 

I$ = graz ing  angle 

3 .  For Ah > Ahc t h e  su r f ace  may be considered rough, - 
with no apprec i ab le  lobing e f f e c t s .  Ahc may be 
convenient ly determined from f i g u r e  2-38. I t  
should be noted t h a t  a s  r ada r  antenna he ight  i n -  
c r eases ,  t h e  angle ,  0 ,  of t h e  f i r s t  n u l l ,  and the re -  
f o r e  t h e  graz ing  angle ,  $, decreases  ( 0  = $ ) .  
Since ,  from f i g u r e  2-38, c r i t i c a l  he ight  i nc reases  
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F i g u r e  2-27 .  TILT ANGLE EFFECT ON BEACON - 
NULL DEPTH - FIRST NULL 
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Figure 2- 28. TILT ANGLE EFFECT ON BEACON 
NULL DEPTH - SECOND NULL 

.20 I I 1 1 

. 18 Elevat ion Angle Omin = 75 
DEGREES 

h a 
. I  6 ha  = Antenna He igh t  In  Fee t  

P 

90 ft. 

- 2 0 2 4 6 8 

T i l t  Angle - Nose Of Beam ( Degrees) 



Figure 2 - 29. TILT ANGLE EFFECT ON BEACON 
NULL DEPTH - THIRD NULL 

.. E l e v a t i o n  4ng le  Omin - 8 2 ' 1 2  MGREE3 
h a  + 

.16+ha = Antenna H e i g h t  I n  Feet - 

- 2 0 2 4 6 8 

Tilt Angle - Nose O f  Beam (Degrees ) 



F i g u r e  2-30. TILT ANGLE EFFECT ON ASR NULL DEPTH - FIRST 
NULL, ASR-4B, 5 ,  6 ,  and 7 (AT 2800 MHz) 
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F i g u r e  2-31. TILT ANGLE EFFECT ON ASR NULL DEPTH - SECOND 
NULL, ASR-4B, 5 ,  6 ,  and 7 (AT 2800 MHz) 
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Figure 2- 32. TILT ANGLE EFFECT ON ASR NULL 

DEPTH - THIRD NULL , ASR - 4 8 , 5 , 6 ,  and 7 
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Figure 2 -33 .  

TILT ANGLE EFFECT ON ASR NULL DEPTH - FIRST 
NULL , ASR - 8 ( Using Passive Receive Horn, f = 2800 
MHz 1 
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Figure 2- 34. 

TILT ANGLE EFFECT ON ASR NULL DEPTH - SECOND 
NULL , ASR - 8 (Using Passive Receive Horn , f = 2 8 00 MHz ) 
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Figure 2 -  35. 

TILT ANGLE EFFECT ON ASR NULL DEPTH - THIRD 

NULL , ASR - 8 ( Using Possive Receive Horn , f a  2800 MHz ) 
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F i g u r e  2 -37 .  EFFECT ON THE LOBE PATTERN CAUSED BY VARIATIONS I N  
ANTENNA T I L T  ANGLE - A S R - 4 B ,  5 ,  6 ,  and 7 

m 
W 
I-' 
0 

0 10 2 0  3 0  40 5 0  60 7 0  80 90 100 
D i s t o n c e  ( Nouticol Miles) 

I-' 
P 
-4 



Figure 2 - 38. SURFACE ROUGHNESS CRITERION 

Smooth Sur face  

R o u g h  Surface 
0 

\\ * 

I 10 

Grazing Angle , 9 ,  (Degrees) 
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w i t h  d e c r e a s i n g  g r a z i n g  a n g l e ,  rougher  t e r r a i n  w i l l  be  
r e q u i r e d  t o  b r e a k  up r e f l e c t i o n s  u s i n g  h i g h  a n t e n n a  
towers  t h a n  i s  t h e  c a s e  f o r  low towers .  

( c )  L o c a t i o n  o f  R e f l e c t i o n  P o i n t .  

1. The d i s t a n c e ,  d l ,  from t h e  r a d a r  t o  t h e  r e f l e c t i o n  p o i n t  - 
f o r  each n u l l  i n  t h e  v e r t i c a i  l o b i n g  p a t t e r n  may b e  
determined from t h e  e x p r e s s i o n  

2 .  T h i s  l o c a t i o n  i s  determined from s imple  image t h e o r y ,  b u t  - 
i s  on ly  r i g o r o u s l y  c o r r e c t  f o r  p e r f e c t l y  smooth r e f l e c t o r s .  
The r e a l i t y  of t h e  " r e f l e c t e d "  f i e l d  a t  a  g iven  p o i n t  i n  
space  is  t h e  sum of r a d i a t i o n  from c u r r e n t s  induced o v e r  
a  l a r g e  s u r f a c e  r e g i o n  i l l u m i n a t e d  by t h e  energy s o u r c e .  
V e r t i c a l  l o b i n q  w i l l  n e v e r t h e l e s s  occur  .approximately  as 
p r e s e n t e d  above f o r  i m p e r f e c t  r e f l e c t o r s ,  i f  t h e  s u r f a c e  
i s  r e l a t i v e l y  smooth ( a s  d e f i n e d  i n  t h e  p r e v i o u s  sub- 
pa ragraph)  over  t h e  f i r s t  F r e s n e l  d i f f r a c t i o n  zone.  The 
range l i m i t s ,  dL,  of t h i s  r e g i o n  a r e  g iven  by 

For t h e  f i r s t  n u l l  n  = 2 ,  and 

1 O.,:, 1 ( n e a r  p o i n t )  

These d i s t a n c e s  a r e  p l o t t e d  i n  f i g u r e s  2-39 th rough  2-44 
f o r  t h e  f i r s t  t h r e e  n u l l s  a t  ASR and ATCBI f r e q u e n c i e s .  

3 .  The u s e  of h i g h  towers  i n t r o d u c e s  s e v e r a l  c o n s i d e r a t i o n s  - 
which make t h e  e l i m i n a t i o n  o f  t h e  l o b i n g  c o n d i t i o n  more 
d i f f i c u l t .  Rough and broken t e r r a i n  i n  t h e  g e n e r a l  
v i c i n i t y  o f  t h e  a n t e n n a  s i t e  w i l l  t e n d  t o  b r e a k  up t h e  
r e f l e c t i n g  s u r f a c e  and p r e v e n t  t h e  f o r m a t i o n  of l o b e s .  
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Figure 2- 4 2 .  
FIRST NULL REFLECTION POINT LOCATION 

ATCB l EQUIPMENT 
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4. A review of f i g u r e s  2-19, 2-20, and 2-38 i n d i c a t e s  - 
t h a t  high towers w i th  t h e i r  smal l  g raz ing  angles  
r e q u i r e  much rougher t e r r a i n  t o  break up r e f l e c t i o n s  
than  t h e  lower towers w i th  t h e i r  l a r g e r  graz ing  
ang le s .  However, t h e  h ighe r  towers extend t h e  r e -  
qu i r ed  r e f l e c t i n g  a r e a  which must be  considered t o  
a much g r e a t e r  d i s t a n c e .  This  i s  shown i n  t h e  
curves of  f i g u r e s  2-39 and 2-42. A s  an example, 
cons ider  a  ca se  where t h e  surrounding t e r r a i n  i s  
r e l a t i v e l y  uniform wi th  s u r f a c e  i r r e g u l a r i t i e s  
averaging 4 f e e t .  F igure  2-38 i n d i c a t e s  t h a t  a t  
2,800 MHz t h i s  would be considered r e l a t i v e l y  smooth 
t e r r a i n  f o r  graz ing  angles  o f  0.3Z0 o r  l e s s  and 
rough t e r r a i n  f o r  h ighe r  ang le s .  Reference t o  f i g -  
u r e  2-19 i n d i c a t e s  t h a t  f o r  antenna h e i g h t s  l e s s  
than  about 30 f e e t  a l l  n u l l  angles  a r e  g r e a t e r  than  
0.320, s o  no v e r t i c a l  lobing should be  expected 
when antennas a r e  i n s t a l l e d  a t  e f f e c t i v e  h e i g h t s  
below t h i s  va lue .  I f  antennas a r e  mounted h ighe r  
than  30 f e e t ,  v e r t i c a l  lobing w i l l  occur  P R O V I D I N G  
t h e  r e l a t i v e l y  smooth t e r r a i n  condi t ion  e x i s t s  over  
t h e  f i r s t  Fresnel  zone. To i l l u s t r a t e  t h i s ,  con- 
s i d e r  an antenna he igh t  of  35 f e e t .  Figure 2-39 
shows t h a t  f o r  t h i s  cond i t i on  t h e  f i r s t  n u l l  r e f l e c -  
t i o n  zone extends ou t  t o  approximately 26,000 f e e t ,  
o r  4% mi. Therefore ,  i f  t h e  s u r f a c e  of r e l a t i v e  
smoothness extends ou t  a t  l e a s t  4% nmi from t h e  an- 
tenna ,  lobing w i l l  occur;  i f  it does n o t ,  t h e  p r e s -  
ence of  lobing i s  unce r t a in .  Present  t heo ry  does 
not  cover  t h e  condi t ion  where t h e  f i r s t  Fresne l  zone 
i s  only  p a r t i a l l y  covered by "smootht' t e r r a i n .  I t  
would seem, however, t h a t  t h e  s e v e r i t y  of  any lobing 
under t h i s  cond i t i on  would depend upon t h e  r e l a t i v e  
p o r t i o n  of  t h e  Fresne l  zone covered by smooth t e r -  
r a i n ,  with t h e  reg ion  nea r  t h e  r e f l e c t i o n  p o i n t  be- 
i ng  more heav i ly  weighted. I t  should a l s o  be noted 
t h a t  t h e  presence  of v e r t i c a l  s u r f a c e s  nea r  t h e  
Fresnel  zone may a c t  t o  s c reen  o r  o therwise  break 
up v e r t i c a l  lobing e f f e c t s .  

(d) Ref lec t ion  Coef f i c i en t  E f f e c t s .  

1. A s  i n d i c a t e d  above, t h e  v e r t i c a l  lobing r e l a t i o n -  - 
sh ips  developed h e r e  assume t h e  r e f l e c t e d  wave 
undergoes no a t t e n u a t i o n  and a  1800 phase r e v e r s a l  
a t  t h e  r e f l e c t i n g  s u r f a c e .  This i s  not  t h e  ca se  i n  
gene ra l ,  bu t  s e rves  a s  a  conserva t ive ly  use fu l  
assumption. I f  g r e a t e r  accuracy i s  d e s i r e d ,  t h e  
magnitude, p ,  and phase,  $,, o f  t h e  a c t u a l  s u r f a c e  
r e f l e c t i o n  c o e f f i c i e n t  must be included i n  t h e  
a n a l y s i s .  
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2. The c a l c u l a t e d  ampli tude and phase of  t h e  r e f l e c -  - 
t i o n  c o e f f i c i e n t  a r e  p l o t t e d  i n  f i g u r e s  2-45 and 
2-46 f o r  a  smooth s e a  and dry  s o i l  a s  a  func t ion  o f  
t h e  ang le  of  r e f l e c t i o n  $J. Curves a r e  g iven  f o r  
h o r i z o n t a l  and v e r t i c a l  p o l a r i z a t i o n  and f requencies  
between 100 MHz t o  3,000 MHz. For dry  s o i l ,  t h e  r e -  
f l e c t i o n  c o e f f i c i e n t  i s  n o t  s e n s i t i v e  t o  frequency 
changes, and t h e  100 W z  curve may a l s o  be  used f o r  
3,000 MHz. I t  i s  seen t h a t  t h e  r e f l e c t i o n  c o e f f i -  
c i e n t  f o r  v e r t i c a l  p o l a r i z a t i o n  i s  l e s s  than  t h a t  
f o r  h o r i z o n t a l  p o l a r i z a t i o n .  

The c o e f f i c i e n t  o f  r e f l e c t i o n  f o r  v e r t i c a l  p o l a r i -  
za t ion  v a r i e s  r a p i d l y  wi th  frequency and angle  o f  
r e f l e c t i o n  f o r  s e a  water  and more g radua l ly  f o r  
dry  s o i l .  The angle  of  r e f l e c t i o n  corresponding t o  
t h e  minimum p o i n t  o f  t h e  curves i n  f i g u r e  2-45 i s  
known a s  t h e  Brewster angle  corresponding t o  a  s i m -  
i l a r  d e f i n i t i o n  i n  o p t i c s .  Cases of  va r ious  o t h e r  
types  o f  t e r r a i n  n o t  considered i n  f i g u r e s  2-45 and 
2-46 may be computed from t h e  fol lowing equat ions :  

4.  For v e r t i c a l  p o l a r i z a t i o n :  - 
L 

E s i n  J, - 
C 

J E c  - cos J, 
p exp(- j@)  = (2-36) 

2 
E s i n  + J E  - cos 

C C 

5 .  For h o r i z o n t a l  p o l a r i z a t i o n  - 

where : 

E = d i e l e c t r i c  cons tan t  of t h e  r e f l e c t o r  r r e l a t i v e  t o  a i r  

a = conduct iv i ty  of  t h e  r e f l e c t o r  mhos/meter 

X = wavelength, i n  meters 

@ = phase angle ,  lagging 

Some t y p i c a l  ground cons tan ts  a r e  g iven  i n  t a b l e  2-2. 
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FIGURE 2-45. MAGNITUDE OF REFLECTION COEFFICIENT 

Page 128 
Chap 2 
Par 22 



FIGURE 2-46. PHASE OF REFLECTION COEFFICIENT 

NOTE: SOLID CURVE REPRESENTS SEAWATER. 
DOTTED CURVE REPRESENTS DRY SOIL. 
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TABLE 2-2  

TERRAIN REFLECTION CHARACTERISTICS I/ 

Type of Terrain 

Rich soil 

Heavy clay 

Rocky soil 

Sandy dry soil 

City industrial 
area 

Fresh water 

Sea water 

Relative Dielectric 
Constant Conductivity 

0 ,  mhos/meter 
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6310.6 CHG 1 

c .  C l u t t e r .  

In  t h e  d i s c u s s i o n  o f  s i g n a l  d e t e c t a b i l i t y  g iven  i n  s e c t i o n  3 ,  
i t  was assumed t h a t  o n l y  one echo s i g n a l  i s  p r e s e n t  w i t h i n  
t h e  range  and a n g l e  s e c t o r  b e i n g  c o n s i d e r e d .  I f  a  few o t h e r  
t a r g e t s  a r e  p r e s e n t  w i t h i n  t h e  t o t a l  coverage volume of t h e  
r a d a r ,  l i t t l e  o r  no harm is  done.  But i f  t h e r e  a r e  s o  many 
t a r g e t s  t h a t  t h e y  "run t o g e t h e r "  on t h e  ca thode-ray s c r e e n  
o r  o t h e r  t y p e  of d i s p l a y ,  o r  i f  t h e y  o v e r l a p  i n  t ime  when * 
t ime-gated a u t o m a t i c  d e t e c t i o n  d e v i c e s  a r e  employed, d e t e c t i o n  
of a  d e s i r e d  s i g n a l  w i l l  b e  s e r i o u s l y  a f f e c t e d .  A p r o f u s i o n  
of e c h o e s  s u f f i c i e n t  t o  produce t h i s  e f f e c t  is  c a l l e d  c l u t t e r  
o r  c l u t t e r  echoes .  Such echoes  can b e  produced by t h e  s u r f a c e  
of t h e  land o r  s e a ,  by w e a t h e r ,  and a t  t i m e s  even by b i r d s  o r  
i n s e c t s .  

( 2 )  C l u t t e r  echoes  from v a r i o ~ i s  t y p e s  of  t e r r a i n  and from r a i n  
have many c h a r a c t e r i s t i c s  i n  common w i t h  r e c e i v e r  n o i s e ,  i n  
t h a t  they  a r e  randomly f l u c t u a t i n g  i n  a m p l i t u d e  and phase ,  
and i n  many c a s e s  they  even have a  p r o b a b i l i t y  d e n s i t y  func-  
t i o n  l i k e  t h a t  of t h e r m a l  n o i s e .  However, t h e y  d i f f e r  i n  
one impora tan t  r e s p e c t - - t h e i r  f l u c t u a t i o n  r a t e  i s  much s l o w e r ,  
which means t h a t  t h e i r  f r equency  spect rum i s  n a r r o w e r .  

( 3 )  When t h e  c l u t t e r  l e v e l  i s  much h i g h e r  t h a n  t h e  r e c e i v e r  n o i s e  
l e v e l ,  t h e  d e t e c t i o n  problem i s  i n  t e rms  of t h e  s i g n a l - t o -  
c l u t t e r  r a t i o  r a t h e r  t h a n  s i g n a l - t o - n o i s e  r a t i o .  I t  h a s  many 
p r o p e r t i e s  i n  common w i t h  t h e  p r o b l e n  of d e t e c t i n g  a  s i g n a l  
i n  the rmal  n o i s e .  S u t ,  because  of t h e  s lower  f l u c t u a t i o n  
r a t e ,  i n t e g r a t i o n  of p u l s e s  i s  r e l a t i v e l y  i n e f f e c t i v e ;  t h e  
c l u t t e r  i s  u s u a l l y  c o r r e l a t e d  f o r  t ime  s e p a r a t i o n s  which may 
b e  of t h e  o r d e r  of p u l s e  p e r i o d s .  Also ,  some c l u t t e r  may b e  
s p i k y  i n  c h a r a c t e r .  which means t h a t  i t s  s t a t i s t i c s  a r e  d i f -  
f e r e n t  from t h o s e  of t h e  r e c e i v e r  n o i s e .  But t h e  b a s i c  
problem of d e t e c t i o n  i s  t h e  same: t h e  s i g n a l  power must on 
t h e  a v e r a g e  be  g r e a t  enough t o  produce a  p r o b a b i l i t y  of d e t e c -  
t i o n  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h e  f a l s e - a l a r m  p r o b a b i l i t y .  

( 4 )  Radar d e t e c t i o n  c a p a b i l i t y ,  t h e r e f o r e ,  is ana lyzed  by cons id -  
e r i n g  how t h e  t a r g e t  echo and t h e  c l u t t e r  echoes  v a r y  w i t h  
t h e  r a n g e ,  s o  a s  t o  de te rmine  a t  what r a n g e s  t h e  t a r g e t - t o -  
c l u t t e r - s i g n a l  r a t i o  n e c e s s a r y  f o r  d e t e c t i o n  i s  r e a c h e d .  I n  
t h e  absence  o f  s p e c i f i c  i n f o r m a t i o n  on t h e  c l u t t e r  s t a t i s t i c s ,  
a  r e a s o n a b l e  assumpt ion  t o  make f o r  t h e  r e q u i r e d  s i g n a l - t o -  
c l u t t e r  r a t i o  i s  t h a t ,  f o r  g iven d e t e c t i o n  p r o b a b i l i t y  and 
f a l s e - a l a r m  p r o b a b i l i t y ,  i t  cor responds  t o  t h e  r e q u i r e d  
s i g n a l - t o - n o i s e  r a t i o  f o r  s i n g l e - p u l s e  d e t e c t  i o n  (no i n t e -  
g r a t i o n )  Th i s  v a l u e  a s  determined from r e f e r e n c e  6  f o r  
P fa  = 1016 i s  abou t  16 .7  dB. Th i s  v a l u e  must ,  o f  c o u r s e ,  b e  
modi f i ed  by t h e  m t i  improvement f a c t o r  p r o v i d e d  by r a d a r  
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s i g n a l  p rocess ing .  Values of t h i s  improvement f a c t o r  a r e  tabu- 
l a t e d  i n  t a b l e  1-1 f o r  t h e  ASR systems. 

The s i g n a l - t o - c l u t t e r  ( s / c )  r a t j o  i s  given by t h e  r a t i o  of the 
e f f e c t i v e  r ada r  c r o s s  s e c t i o n s  of t h e  t a r g e t  and t h e  c l u t t e r ,  - 
at and a , i f  both t a r g e t  and c l u t t e r  a r e  s u b j e c t  t o  t h e  same 
propagat  ion  f a c t o r s .  However, t h e  propagat ion f a c t o r s  may be  
d i f f e r e n t ,  because of antenna p a t t e r n  e f f e c t s .  The c r i t e r i o n  
of d e t e c t a b i l i t y  of t h e  t a r g e t  t h e r e f o r e  becomes 

where 

r a d a r  t r ansmi t  antenna ga in  i n  d i r e c t i o n  of t a r g e t  

r ada r  r ece ive  antenna ga in  i n  d i r e c t i o n  of t a r g e t  

r ada r  t ransmi t  antenna ga in  i n  d i r e c t i o n  of c l u t t e r  

r a d a r  r e c e i v e  antenna g a i w i n  d i r e c t i o n  of c l u t t e r  

For ASR-4B, 5 ,  6,  and 7 

For ASR-5E, 6E, 7E and 8 the  ga ins  a r e  n o t  equa l  due t o  employ- 
ment of t he  dua l  beam antenna ( see  f i g u r e  1-6).  

When the  c l u t t e r  i s  from a rough s u r f a c e ,  ac i s  the  product of 
t h e  c r o s s  s e c t i o n  p e r  u n i t  a r e a ,  a,, and t h e  a r e a  of t h e  su r -  
f a c e ,  A,, i l l umina t ed  by t h e  r a d a r  pu l se .  For a  r a d a r  of h o r i -  
z o n t a l  beamwidth, ea, r a d i a n s  and pu l se  l eng th ,  T, seconds 
and viewing the  s u r f a c e  a t  a  g r az ing  ang le ,  $, t h i s  a r e a  i s ,  
f o r  sma l l  va lues  of $, 

C T  
Ac = Rea  2 sec  $ (2-39) 

where R i s  t h e  r a d a r  range t o  t h e  s u r f a c e  and c  i s  t h e  v e l o c i t y  
of  propagat ion ( 3  x 10' mlsec) . This  i s  shown diagrammatical ly  
i n  f i g u r e  2-47. Thus, 
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and once a, i s  known, bo th  c l u t t e r  c r o s s  s e c t i o n  and s / c  a r e  
r e a d i l y  determined f o r  t h e  t a r g e t  of i n t e r e s t  
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o 1 Sur face  Area I l l u m i n a t e d  By Rodor P u l s e  - Pictorial 

b 1 S u r f a c e  A r e a  l l luminoted By Rodor  Pulse - Prof i l e  
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( 7 )  Express ing  r a n g e ,  R ,  i n  n a u t i c a l  m i l e s  and u s i n g  t h e  r a d a r  
pa ramete rs  i n d i c a t e d  i n  t a b l e  1-1 g i v e s ,  f o r  ASR-4B, 5, 6 ,  
and 7 

Ac 
= 6060.4 R s e c  $ (sq .  m e t e r s )  

and hence 

Cl c  
= 6060.4 R oo s e c  ( sq .  m e t e r s )  

For ASR-5E, 6E, and 7E 

Ac = 5858.4 R s e c  I) ( s q .  m e t e r s )  

a c 
= 5858.4 R oo s e c  I) ( sq .  m e t e r s )  

For ASR-8, 

Ac = 4218.2 R s e c  $J ( s q .  m e t e r s )  

and 

oc = 6 2 1 8 . 2  R oo s e c  @ ( s q .  m e t e r s )  (2-42) * 
oo i n  t h e s e  e q u a t i o n s  h a s  t h e  dimensions  of (m2/m2). It shou ld  
be  n o t e d  h e r e  t h a t  c l u t t e r  e x t e n d s  outward i n  range on ly  a s  f a r  
a s  t h e  r a d a r  h o r i z o n .  Th is  d i s t a n c e  depends upon e a r t h  curva- 
t u r e s ,  s c r e e n i n g , e t c .  I t  is  d i s c u s s e d  i n  s o m e d e t a i l i r  s e c t i o n  2. 

(8 )  The c l u t t e r  c r o s s  s e c t i o n  p e r  u n i t  a r e a .  oo, is  a  parameter  
which e x h i b i t s  c o n s i d e r a b l e  v a r i a t i o n w i t h  t e r r a i n  t y p e ,  t e r r a i n  
c o n d i t i o n  ( e . g . ,  m o i s t u r e  c o n t e n t ,  snow c o v e r ,  s e a s o n a l  f o l i a g e  
c o v e r ,  wave p a t t e r n s ,  e t c . ) ,  and g r a z i n g  a n g l e .  I n  a d d i t i o n ,  
oo f o r  any g iven  c l u t t e r  c e l l  w i l l  va ry  i n  t ime due t o  t h e  
e f f e c t s  of windlwave motion and of r a d a r  beam scann ing .  The 
v a r i a b l e  n a t u r e  of c l u t t e r  makes p r e d i c t i o n  of a, d i f f i c u l t  and 
s u b j e c t  t o  c o n s i d e r a b l e  e r r o r .  Th i s  shou ld  be  borne  i n  mind 
when per fo rming  c l u t t e r  a n a l y s e s  s o  a s  t o  avo id  computa t iona l  
e l s h o r b t i o n  n o t  j u s t i f i e d  by c l u t t e r  d a t a  a c c u r a c y .  

(9) Simple c l u t t e r  a n a l y s e s  may be c a r r i e d  o u t  based on mean 
v a l u e s  of Do d e r i v e d  from measurement o r  t h e o r e t i c a l  models.  
Some u s e f u l  Oo d a t a  i s  p r e s e n t e d  i n  t a b l e s  2-3 and 2-4 f o r  
l and  and s e a  c l u t t e r .  I f  t h e  t a b u l a t e d  a. d a t a  i s  u s e d ,  t h e  
mean c l u t t e r  c r o s s  s e c t i o n  can b e  comp1,rted w i t h  t h e  a i d  o f  
e q u a t i o n s  2-41, 2-41A, o r  2-42above.  Use of e q u a t i o n  2-38 
(p .  132) w i l l  t h e n  a l l o w  computat ion o f  t h e  s / c  r a t i o  
given t a r g e t .  I t  shou ld  b e  n o t e d  h e r e  t h a t  an tenna  g a i n  
v a l u e s  used i n  t h e  c a l c u l a t i o n  must a c c o u n t  f o r  any an tenna  
t i l t  employed. To a  f i r s t  approximat ion  i t  can be  assumed 
t h a t  t h e  t a r g e t  w i l l  be d e t e c t e d  i n  t h e  p r e s e n c e  of c l u t t e r  
i f  t h e  computed v a l u e  of s / c  i s  g r e a t e r  t h a n  16.7 dB minus 
t h e  r a d a r  m t i  improvement f a c t o r ,  I .  T h i s  o c c u r s  when 
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TABLE 2-3 

LAND CLUTTER REFLECTIVITY 
0-1' ANGLE OF INCIDENCE 'u 

2 2 
R e f l e c t i v i t y  i n  db below 1 m /m , 
Pulse width- = I ,us, 0, = Z O ,  

Oo = median backsca t t e r  

Terra in  

Deser t  

Cu l t iva ted  
Land 

Open Woods 

Wooded H i l l s  

Small House 
D i s t r i c t s  

C i t i e s  

L-Band 
(1.2 Gc) 

0 0  

S-Band 
(3.0 Gc) 

0 0  

C -Band 
(5.6 Gc) 

0 0  
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TABLE 2-4 

NORMALIZED MEAN SEA BACKSCATTER COEFFICIENT, o o  !-/ 

S-Band (3.0 G c )  , 0.5-10 ~s pulse,  

Sea 
S t a t e  

1 
Smooth - I V 

Po 1 

0 
Calm 

Waves O f t  I 

v 
H 

L 

S l i g h t  V 
1-3 f t  / H 

4 
Rough - V 
5-8 f t  H 

-I 

Moderate 
3-5 f t  
Waves 

Waves 

8-12 ft 
Waves 

H 

2 2 i n  dB below l m  /m 
u 

Grazing Angle (degrees) 

Y ~ e f e r e n c e  2 

'5 dB e r r o r  not  u n l i k e l y  
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6310.6 CHG 1 

-14.3  dB (ASR-4B, 5 ,  5E, 6 ,  6E. 

10  l o g  s / c  > 7 ,  7E) - 1 (2-43) * 

(10) I f  c l u t t e r  d a t a  i s  o b t a i n e d  v i a  d i r e c t  measurement of c l u t t e r  
power, C ,  through use  of  a  mobi le  r a d a r  u n i t ,  i t  s h o u l d  b e  
compared w i t h  t h e  s i g n a l  power, S ,  from an o t h e r w i s e  d e t e c t -  
a b l e  a i r c r a f t .  Measured v a l u e s  of  C must ,  of  c o u r s e ,  b e  
c o r r e c t e d  t o  accoun t  f o r  d i f f e r e n c e s  i n  an tenna  g a i n s  between 
t h e  t e s t  r a d a r  and t h e  r a d a r  b e i n g  s i t e d .  S  may be  de te rmined  
from t h e  s t a n d a r d  r a d a r  e q u a t i o n :  

where 

P t  = t r a n s m i t t e r  peak power ( i n  w a t t s )  

G t  = t r a n s m i t t i n g  a n t e n n a  g a i n  i n  t a r g e t  d i r e c t i o n  

G = r e c e i v i n g  a n t e n n a  g a i n  i n  t a r g e t  d i r e c t i o n  
r 

X = wavelength  ( i n  m e t e r s )  

a = t a r g e t  r a d a r  c r o s s  s e c t i o n  ( i n  s q .  m e t e r s )  
t 

R = range t o  t a r g e t  ( i n  m e t e r s )  

and v a l u e s  o f  t h e  p a r a m e t e r s  a r e  l i s t e d  i n  t a b l e  1-1 (p .  3 
and 4 ) .  T a r g e t  d e t e c t i o n  i n  c l u t t e r  can then  b e  determined 
from e q u a t i o n  2-38 ( p .  132) p r o v i d i n g  S  > Smin, t h e  r a d a r  
m t i  s e n s i t i v i t y  . 

(11)  I t  s h o u l d  b e  r e c a l l e d  t h a t  t h e  computa t iona l  methods d i s -  
c u s s e d  h e r e  assume c l u t t e r  power t o  be  much g r e a t e r  t h a n  
sys tem n o i s e .  I f  t h i s  i s  n o t  t h e  c a s e ,  achievement  of t h e  
r e q u i s i t e  s / c  r a t i o  w i l l  n o t  i n s u r e  t a r g e t  d e t e c t i o n  s i n c e  
t h i s  may b e  l i m i t e d  by r e c e i v e r  n o i s e .  

(12)  I n  a d d i t i o n  t o  t h e  d i f f u s e  s c a t t e r i n g  c o n s i d e r e d  above,  con- 
s i d e r a b l e  r a d a r  c l u t t e r  may a l s o  b e  g e n e r a t e d  by l a r g e  b u i l d -  
i n g s ,  w a t e r  towers ,  power l i n e s  and o t h e r  s t a t i o n a r y  o b j e c t s ,  
and by v e h i c u l a r  t r a f f i c ,  b i r d s  and o t h e r  s low moving o b j e c t s .  
C l u t t e r  r e t u r n  from t h e s e  o b j e c t s  a r e  u s u a l l y  t r e a t e d  sepa-  
r a t e l y ,  i n  much t h e  same manner a s  t a r g e t s .  Where t h e  re -  
s u l t i n g  c l u t t e r  i s  i n t o l e r a b l y  s e v e r e ,  a t t e m p t s  s h o u l d  b e  
made t o  p r o v i d e  e i t h e r  ( a )  n a t u r a l  s h i e l d i n g  of  t h e  c l u t t e r  
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source ,  o r  (b) manmade s h i e l d i n g  i n  t h e  form of p rope r ly  
designed fences.  The l a t t e r  may be accomplished using t h e  
methods descr ibed  i n  r e f e rences  8 o r  9. 

d .  Angels. 

C l u t t e r  t h a t  i s  nons t a t iona ry  and e l u s i v e  i s  most commonly 
c a l l e d  "angels". -Angel echoes can -be obta ined  from regions  
of  t h e  atmosphere where no r e f l e c t i n g  o b j e c t s  apparent ly  
e x i s t .  They t ake  many d i f f e r e n t  forms and have been a t t r i b -  
u t ed  t o  va r ious  causes,  inc luding  b i r d s ,  i n s e c t s ,  and meteor- 
o l o g i c a l  e f f e c t s .  

Probably t h e  most important source of angels  i s  b i r d s ,  espe- 
c i a l l y  f o r  ground-based r ada r s  looking over t h e  s e a .  Although 
t h e  r a d a r  c ros s  s e c t i o n  of a  s i n g l e  b i r d  i s  small  compared 
wi th  t h a t  of  an o rd ina ry  a i r c r a f t ,  b i r d  echoes can be r e l a -  
t i v e l y  s t rong ,  e s p e c i a l l y  a t  t h e  s h o r t e r  ranges because of  
t h e  inverse-fourth-power v a r i a t i o n  wi th  range.  For example, 
t h e  r ada r  c ros s  s e c t i o n  of  a  b i r d  t h e  s i z e  of  a  s e a  g u l l  
might be of t h e  o r d e r  of  0 .01 m 2 .  A b i r d  with t h i s  c ros s  
s e c t i o n  a t  a range o f  10 nmi w i l l  r e t u r n  an echo s i g n a l  a s  
l a r g e  a s  t h a t  from a  100 m2 r a d a r  c r o s s  s e c t i o n  t a r g e t  a t  
100 n a u t i c a l  mi l e s .  When b i r d s  t r a v e l  i n  f l o c k s ,  t h e  t o t a l  
c ros s  s e c t i o n  can be s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  a  
s i n g l e  b i r d .  Because t h e  r a d a r  d i s p l a y  co l l apses  a  r e l a t i v e l y  
l a r g e  volume of  space i n t o  a  small  r a d a r  s c reen ,  t h e  d i sp l ay  
can appear c l u t t e r e d  wi th  b i r d  echoes even though only a  few 
b i r d s  can be seen by v i s u a l  examination of t h e  surrounding 
a r e a .  Birds can f l y  a t  speeds up t o  50 knots  ( o r  h ighe r  i f  
c a r r i e d  by t h e  wind).  This  i s  probably too  high a  speed t o  
be r e j e c t e d  by most m t i  r a d a r s .  The small  echoing a r e a  of 
b i r d s  means t h a t  they a r e  p r i m a r i l y  seen a t  r e l a t i v e l y  s h o r t  
ranges,  20 t o  25 miles  o r  l e s s ,  f o r  medium-power search  r a d a r s .  

I n s e c t s ,  even though sma l l ,  may a l s o  be r e a d i l y  de t ec t ed  by 
r ada r .  A d i r e c t  c o r r e l a t i o n  has been shown between n ight t ime 
angel  echoes de tec ted  by r a d a r  and observa t ions  of i n s e c t s  
w i th in  a  s e a r c h l i g h t  beam i l l umina t ing  t h e  same volume as  t h e  
r a d a r .  In sec t s  a r e  u sua l ly  c a r r i e d  by t h e  wind; t h e r e f o r e  
angels  due t o  i n s e c t s  might be expected t o  have t h e  v e l o c i t y  
of  t h e  wind. Both i n s e c t  and b i r d  echoes a r e  more l i k e l y  t o  
be found a t  t h e  lower a l t i t u d e s ,  n e a r  dawn and t w i l i g h t .  
Since t h e  major i ty  of i n s e c t s  a r e  incapable  of f l i g h t  a t  
temperatures  below 400 o r  above 90°F, l a r g e  concent ra t ions  of 
i n s e c t  angel echoes would not  be expected o u t s i d e  t h i s  tem- 
p e r a t u r e  range. 

S t i l l  another  source of angel echoes may be a t t r i b u t e d  t o  
anomalous propagat ion.  Radar waves d i r e c t e d  a t  low angles  
can be r e f l e c t e d  o r  r e f r a c t e d  t o  t h e  ground by ( a )  an atmos- 
phe r i c  l a y e r  of cons iderable  r e f r a c t i v i t y ,  (b) sharp  r e f r a c t i v e  
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g r a d i e n t s  over  a  l o c a l  t e r r a i n  f e a t u r e  such as i n t e n s e  mois- 
t u r e  g r a d i e n t  over  a  r i v e r  o r  lake ,  o r  (c) wind-carr ied r e -  
f r a c t i v e  inhomogeneities.  The echoes r e t u r n  t o  t h e  r a d a r  by 
t h e  same pa th .  In  essence,  t h e  r a d a r  "sees" t h e  ground o r  
some o b j e c t  on t h e  ground as a  t a r g e t .  For example, a  very 
r e a l i s t i c  t a r g e t  might be  t racked  by t h e  r ada r  ope ra to r  i f  
t h e  d e f l e c t e d  r a d a r  beam happened t o  be i l l umina t ing  a  moving 
t r a i n .  An "apparent" moving t a r g e t  might a l s o  be ind ica t ed  
even when t h e  beam observes a  s t a t i o n a r y  o b j e c t  on t h e  ground 
provided t h e  r e f l e c t i n g  p o r t i o n  of  t h e  atmosphere is  i t s e l f  
i n  motion. A t  a  range of 50 mi les ,  a  h o r i z o n t a l  r e f l e c t i n g  
l a y e r  r i s i n g  3  m/sec can cause an apparent  echo t o  move a t  
300 mph. 

Many angel  echoes a r e  no t  a t t r i b u t a b l e  t o  t h e s e  sources ,  
however, bu t  a r e  be l i eved  t o  be caused by such meteorological  
e f f e c t s  a s :  sharp  g rad ien t s  i n  t h e  r e f r a c t i v e  index of  t h e  
atmosphere, i n v i s i b l e  bubbles of  buoyant a i r ,  thermal  columns 
below cumulus clouds,  atmospheric moisture g r a d i e n t s ,  and 
o t h e r s .  

I n  genera l ,  ange ls  caused s o l e l y  by meteorological  e f f e c t s  a r e  
beyond t h e  con t ro l  of r a d a r  s i t i n g  engineers  and do not  r e -  
q u i r e  unusual cons ide ra t ion  when s e l e c t i n g  a p a r t i c u l a r  r ada r  
l oca t ion  wi th in  a  l i m i t e d  reg ion .  Angels due t o  b i r d s  and 
i n s e c t s ,  however, do mer i t  some cons idera t ion  i n s o f a r  a s  t h e i r  
s e v e r i t y  can be c o n t r o l l e d  by t h e  r a d a r  s t c  c h a r a c t e r i s t i c s .  

e. Fa lse  Targe ts .  

(1) Beacon Fa lse  Targe ts .  

(a)  A s  d i scussed  i n  chapter  1, r e f l e c t i n g  su r f aces  can con- 
s t i t u t e  a  severe  problem t o  ATCRBS ope ra t ion  due t o  t h e  
genera t ion  o f  f a l s e  t a r g e t s .  These most commonly occur  
when t h e  main beam of t h e  ATCRBS d i r e c t i o n a l  antenna 
succes s fu l ly  i n t e r r o g a t e s  an a i rbo rne  t ransponder  v i a  a  
r e f l e c t e d  s i g n a l  pa th .  This w i l l  produce an apparent  
t a r g e t  a t  t h e  azimuth o f  t h e  r e f l e c t o r  and a t  a  range 
corresponding t o  t h a t  of  t h e  r e f l e c t e d  pa th ,  which i s  
always g r e a t e r  than t h e  d i r e c t  pa th  range.  This range 
d i f f e r e n c e  i s  gene ra l ly  impercept ib le  on a  normal d i s -  
p lay ,  however. The r e f l e c t o r  and pa th  geometry a r e  
i l l u s t r a t e d  i n  f i g u r e  1-23. The range and azimuth 
region over  which f a l s e  t a r g e t  e f f e c t s  may b e  observed 
a r e  l imi t ed  by (1) i n t e r r o g a t i o n  l i n k  power and s e n s i -  
t i v i t y ,  and (2) r e f l e c t o r  dimensions and a spec t  angle .  
This  assumes t h a t  t h e  ATCRBS i n t e r r o g a t i o n  l i n k  l i m i t s  
system performance. (The assumption i s  j u s t i f i e d  i n  
appendix 2 . )  A s  d i scussed  i n  chap te r  1, s ls  is a l s o  
employed i n  ATCRBS equipment t o  reduce t h e  inc idence  of 
beacon f a l s e  t a r g e t s .  
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(b) In  o rde r  t o  determine t h e  amount of  energy r e f l e c t e d  by 
t h e  r e f l e c t i n g  o b j e c t ,  i t s  b i s t a t i c  r ada r  c r o s s  s e c t i o n ,  
a b ,  may be determined from ( r e fe rence  10 ) :  

where 

Aeff = e f f e c t i v e  a r e a  of  t h e  r e f l e c t o r  

A = wavelength 

(c)  The e f f e c t i v e  a r e a  of a  r e f l e c t o r  i s  i t s  c r o s s  s e c t i o n a l  
a r e a ,  A,  m u l t i p l i e d  by t h e  s i n e  of  t h e  angle  of i n c i -  
dence, a.  

Aef f  = A s i n  a (2-46) 

(d) For a f l a t  r e c t a n g u l a r  r e f l e c t o r  

Aeff = hw s i n  a 

where 

h  = r e f l e c t o r  he igh t  

w = r e f l e c t o r  width 

(e)  These r e l a t i o n s h i p s  may be  used except where t h e  r e f l e c -  
t o r  width exceeds t h a t  of  t h e  ATCBI antenna beamwidth. 
In  t h a t  ca se  

where 

R2 = range between antenna and r e f l e c t o r  

Bai = i n t e r r o g a t i o n  antenna azimuth beamwidth 
(degrees) 

and w and R 2  a r e  measured i n  t h e  same u n i t s .  For a  
f l a t ,  l o s s l e s s ,  r e f l e c t o r  Aeff may be determined us ing  
t h e  nomograph i n  f i g u r e  2-48a. The nomograph cons t ruc-  
t i o n  assumes B a i  = 2 O .  

( f )  With Aeff known, t h e  maximum range over  which t a r g e t s  
can be  f a l s e l y  i n t e r r o g a t e d  can be  determined from t h e  
b i s t a t i c  r a d a r  equat ion  
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SOLUTION : 

I. L A Y  STRAIQHT EDGE BETWEEN POINT ON ' f *  SCALE EQUAL 
TO RESULT Of STEP NO.2 OR WO.l OF FIQ.2-4BA. AND A POINT 
OW THE *ag SCALE RELATING TO TRANSMITTER PEAK POWER , 
THUS LOCATINO AN INTERSECTING POlWT ON THE DIMENSIOWLESB 
.Hrn SCALE, 

t .  PIVOT THE STRAIOHT EDOE AROUWO rnrr POINT ON THE .nu 
SCALE TO INTERSECT A POINT ON THE *J '  SCALE CORRLSPONO- 
I N 0  TO RAMOE fROY THE TRANSMITTER TO THE REFLECTOR. 
THE RESULTING INTERBECTION WlTH THE 'K' SCALE YIELDS THE 
MAXIMUM R A N 4  OF THE REFLECTION. 

NOTE S 

I. Y I I I Y U Y  RANOE Of REFLCCTIOW FOR AIRCRAFT TRANSPONDER 
WlTH A YlNlYUY TRl#OERlWB LEVEL OF - 7 4  d B m  

t .  A88UYED VALUES FOR ANTENNA a lms  ANO s r s r r u  
LOSSES ARE : 

6 1  = 2 2 . 5 d b l r  
Q t  = 2  d b  
L a  * 8.8 d b  (Tranamlaalon i l n r  i o a r r a )  

Figure 2-48b. BEACON REFLECTION NOMOGRAPH - MAXIMUM RANGE 
DETERMINATION 

K l SEE NOTE N0.I )  

) O O T  1.200.000 
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P G G A '  
S = d i t e f f  min 

where 

Pd = ATCBI peak power output  

Gi  = i n t e r r o g a t o r  antenna ga in  

G t  = t ransponder  antenna ga in  

R1 = range between r e f l e c t o r  and t a r g e t  

R2 
= range between antenna and r e f l e c t o r  

Ls = system los ses ,  and 

'min 
= t ransponder  minimum s e n s i t i v i t y  

i n  c o n s i s t e n t  u n i t s .  Rearranging g ives  

(g) Equation 2-50 may be convenient ly so lved  f o r  R under 
t h e  condi t ions  1 

Ls = 5 .5  dB ( see  r e f e rence  8) 

Gi 
= 22.5 dBir 

Gt = 2 dBir  

wi th  t h e  a i d  of t h e  nomograph i n  f i g u r e  2-48b. A b r i e f  
examination of t h e  nomograph i n d i c a t e s  t h a t  f o r  t r a n s -  
m i t t e r  power on t h e  o r d e r  of  200 w a t t s ,  r e f l e c t o r s  of 
300 square  f e e t  e f f e c t i v e  a r e a  wi th in  1,000 f e e t  of  t h e  
i n t e r r o g a t o r  can cause f a l s e  t a r g e t s  t o  appear  a t  any 
range wi th in  t h e  60 nmi reg ion  of i n t e r e s t  t o  a te rmina l  
ATCBI i n s t a l l a t i o n .  With a  t r a n s m i t t e r  power of only 
50 wa t t s ,  t h e  same r e f l e c t o r  can cause f a l s e  t a r g e t s  t o  
appear a t  any range out  t o  30 nmi. 

(h) The angular  ex t en t  of  t h e  s e c t o r s  a f f e c t e d  by f a l s e  
t a r g e t s  i s  def ined  i n  f i g u r e  2-49. The i n c i d e n t  r ays  
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FIGURE 2 - 4 9 .  BEACON FALSE-TARGET AXGULAR GEOMETRY 

Angular 
Reference 
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a r e  s e t  l o  beyond t h e  edges of  t h e  r e f l e c t o r s  t o  account 
f o r  scanning o f  t h e  antenna beam ac ros s  t h e  r e f l e c t i n g  
su r f ace .  Fa l se  t a r g e t s  a r e  d isp layed  a t  azimuth angles  
between 62 and 61. These occur  due t o  t a r g e t s  i n  t h e  
angular  s e c t o r  between ~2  and 51. The f a l s e  t a r g e t s  a r e  
d isp layed  a t  ranges corresponding t o  R1 + R2.  

( i )  Some of t h e  c h a r a c t e r i s t i c s  of  beacon f a l s e  t a r g e t s  
which a r e  important i n  d i f f e r e n t i a t i n g  them from second- 
time-around r e t u r n s ,  nea r  synchronous f r u i t ,  e t c . ,  a r e :  

1. The f a l s e  t a r g e t  and t h e  normal r e p l i e s  w i l l  gen- - 
e r a l l y  appear h p a i r s .  There i s  except ion t o  
t h i s ,  however, i f  t h e  a i r c r a f t  is  i n  a screened  
rkgion- f o r  d i r e c t  I n t e r r o g a t i o n ,  bu t  can be i n t e r r o -  
ga t ed  v i a  a  r e f l e c t e d  pa th .  

2. The range of t h e  r e f l e c t i o n  w i l l ,  a t  a l l  t imes,  be - 
g r e a t e r  than  t h e  ranges of  t h e  normal r e p l y .  I f  
t h e  range of t h e  normal r e p l y  i s  inc reas ing  o r  de- 
c r eas ing ,  t h e  same change i n  range w i l l  apply  t o  
t h e  r e f l e c t i o n .  

3.  The r o t a t i o n a l  d i r e c t i o n  of  t h e  normal and r e f l e c t e d  - 
r e p l i e s  a r e  reversed .  I f  t h e  normal r e p l y  i s  r e -  
ceived from an a i r c r a f t  t h a t  i s  f l y i n g  a  clockwise 
o r b i t a l  course,  t h e  r e f l e c t e d  r e p l i e s  from t h e  same 
r e f l e c t i o n  would fo l low a  counterclockwise o r b i t a l  
course.  

( j )  Because of  t h e  importance t o  a i r  t r a f f i c  c o n t r o l  oper- 
a t i o n s ,  a l l  t e rmina l  s i t i n g  ana lyses  should inc lude  an 
assessment of t h e  l o c a t i o n s  where beacon f a l s e  t a r g e t s  
may be expected t o  determine t h e  impact of o v e r a l l  ATC 
ope ra t ions .  Metal bu i ld ings  o r  bu i ld ing  r o o f s ,  water  
towers,  fences ,  parked a i r c r a f t ,  e t c . ,  wi th in  1 mi le  o f  
t h e  r a d a r  s i t e  should be considered a s  primary p o t e n t i a l  
sources of r e f l e c t e d  f a l s e  t a r g e t s .  Large r e f l e c t i n g  
s u r f a c e s  a t  even g r e a t e r  d i s t a n c e s  may a l s o  cause d i f f i -  
c u l t i e s  a s  can be  seen from f i g u r e s  2-48a and b .  

(2) Radar Fa l se  and Unwanted Targe ts .  
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(a)  Fa lse  t a r g e t s  may be genera ted  i n  ASR equipment by much 
t h e  same r e f l e c t i o n  mechanism a s  descr ibed  above. These 
w i l l  occur  i n  t h e  same a r e a s  a s  beacon f a l s e  t a r g e t s ,  
bu t  w i l l  g ene ra l ly  be l e s s  severe  i n  e f f e c t .  A s  a  con- 
sequence, i t  i s  usua l ly  acceptab le  t o  ignore  r e f l e c t e d  
r a d a r  f a l s e  t a r g e t  e f f e c t s  i n  f avo r  of  a  c a r e f u l  consid-  
e r a t i o n  of  beacon f a l s e  t a r g e t s .  
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(b) Of more s e r i o u s  concern a r e  unwanted r a d a r  t a r g e t s  
caused by t h e  de t ec t ion  of moving t a r g e t s  o t h e r  than 
a i r c r a f t .  These inc lude  automobiles,  r a i l r o a d  t r a i n s ,  
b i r d s ,  e t c .  This  occurs  s i n c e  t h e  undesired t a r g e t s  
a r e  of  s u f f i c i e n t  s i z e  t h a t  they can be d e t e c t e d ,  and 
s i n c e  t h e i r  v e l o c i t y  i s  o u t s i d e  t h e  r a d a r ' s  m t i  r e j e c -  
t i o n  reg ion .  Some reduct ion  i n  t h e  d e t e c t i o n  of  un- 
wanted echoes may be achieved through t h e  proper  use of  
r a d a r ' s  s t c  o r  c s s  c a p a b i l i t i e s ,  but e f f o r t s  should be 
made t o  minimize t h i s  problem a t  t h e  time of s i t e  s e l e c -  
t i o n .  To do t h i s ,  s i t e s  should be s e l e c t e d  which pro- 
v ide  n a t u r a l  sh i e ld ing  of t h e  nearby highways and r a i l -  
road l i n e s .  Where t h i s  i s  impossible ,  landscaping o r  
o t h e r  a r t i f i c i a l  means t o  provide t h e  necessary  screen-  
ing  should be considered.  In  a d d i t i o n ,  s e l e c t i o n  of  
s i t e s  where v i s i b l e  veh icu la r  o r  r a i l  t r a f f i c  t r a v e l s  
a long a  r a d a r  t a n g e n t i a l  pa th  w i l l  minimize t h e  f a l s e  
t a r g e t s  produced. 

f .  Tangent ia l  Course Problems. 

The ASR m t i  r e c e i v e r  opera tes  t o  reduce t h e  appearance of  
s t a t i o n a r y  t a r g e t s  ( c l u t t e r )  on t h e  r ada r  ppi  d i s p l a y .  This  
i s  commonly done, a s  descr ibed  i n  chapter  1, by us ing  can- 
c e l e r  networks with response c h a r a c t e r i s t i c s  dependent upon 
t h e  observed t a r g e t  Doppler frequency. These networks a r e  
arranged t o  have near-zero response f o r  Doppler f requencies  
approaching zero.  

Doppler frequency i s  r e l a t e d  t o  t a r g e t  v e l o c i t y  by t h e  
expression:  

where 

v  = t a r g e t  r a d i a l  v e l o c i t y  component wi th  r e s p e c t  t o  r 
r a d a r  

A = wavelength 

From equat ion 2 - 5 1  above, it can be seen t h a t  even moving 
t a r g e t s  may be i n v i s i b l e  t o  an m t i  r ada r  i f  t h e i r  d i r e c t i o n  
of  f l i g h t  causes t h e  r a d i a l  component of t h e i r  v e l o c i t y  t o  
approach zero.  This  occurs  a s  t he  t a r g e t  f l i g h t  pa th  becomes 
t a n g e n t i a l  t o  c i r c l e s  drawn about t h e  ASR s i t e .  

A s  a  consequence, ASR s i t e  s e l e c t i o n  should inc lude  c a r e f u l  
examination of airways which ca r ry  t r a f f i c  on t a n g e n t i a l  
f l i g h t  pa ths  f o r  t h e  p o t e n t i a l  l o s s  of r a d a r  coverage. Loss 
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of coverage i s  s a i d  t o  occur  whenever s i g n a l  dropout causes 
missed de t ec t ion  f o r  a  per iod  of t h r e e  ( o r  more) consecut ive 
r ada r  scans .  Remembering t h a t  coverage l o s s  due t o  tangen- 
t i a l  courses  i s  a  problem which a f f e c t s  only t h e  r a d a r ' s  m t i  
r e c e i v e r ,  cons idera t ion  can probably be l imi t ed  i n  most cases  
t o  a  region wi th in  10 o r  15 mi of  t h e  r a d a r  s i t e .  Beyond 
t h i s  range,  c l u t t e r  i s  usua l ly  no t  a  f a c t o r  and t h e  normal 
o r  log r ada r  r e c e i v e r  i s  employed. Exceptions occur  where 
mountains o r  o t h e r  t e r r a i n  f e a t u f e s  cause c l u t t e r ,  and hence 
m t i  usage, t o  extend t o  g r e a t e r  ranges.  

( 5 )  Using t h e  above c r i t e r i o n ,  t h e  c r i t i c a l  dropout t ime may be 
taken a s  

where 

TD = c r i t i c a l  dropout t ime ( sec )  

w = r ada r  scan r a t e  (rpm) r 

( 6 )  Using t h e  parameters  given i n  t a b l e  1-1, 

D = 8 sec  (ASR-4B, 5,  6 )  

TD = 9 . 4  sec  (ASR-7) 

TD = 9 . 6  s ec  (ASR-8) (2-52c) 

(7)  Considering now t h e  
t h e  maximum leng th ,  
tangency p o i n t )  i s  

t a n g e n t i a l  pa th  geometry of f i g u r e  2-50, 
Ldm, of t h e  dropout region 

Ldm = 2d Tan a 

and 

v r m  s i n  a = - v 
g 

(8 )  T h i s  g ives  

Ldm = 2d Tan [ s i n - '  (5 ) ] 

(centered  on 

(2-53) 

where 

d  = d i s t a n c e  from s i t e  t o  airway ( o r  i t s  ex tens ion )  a t  
t h e  p o i n t  o f  tangency 
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FIGURE 2-50. TANGENTIAL PATH GEOMETRY 

Radar S i t e  

d = Distance from S i t e  t o  Aimay 
a t  Tangent Poin t  

= Maximum Distance of Coverage 
Dropout 

= Minimum R a d i a l  Veloci ty  De- 
Vrm t e c t a b l e  by MTI 
V, - Target Ground Speed 

b 
V+ = Target Tangent ial  Veloci ty  
L 

Q * One-Half the  Max- Angular * 
Extent  of Dropout Region 
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v = minimum r a d i a l  v e l o c i t y  d e t e c t a b l e  by m t i  r m  

v = t a r g e t  ground speed 
g 

(9) Of t h e  parameters i n  t h e  above equat ions ,  only vrm i s  not  
dependent upon t h e  pa th  geometry. This  minimum d e t e c t a b l e  
r a d i a l  v e l o c i t y  i s  dependent upon s e v e r a l  f a c t o r s  inc luding:  
(a)  t h e  b a s i c  m t i  c ance l e r  response,  (b) t h e  p a r t i c u l a r  form 
of v e l o c i t y  shaping employed, and (c )  t h e  r ada r  p r f  j i t t e r  
c h a r a c t e r i s t i c s ,  and hence i s  no t  r e a d i l y  s p e c i f i e d  with 
accuracy a t  t h e  t ime of s i t i n g .  I t  i s  probably s u f f i c i e n t ,  
however, f o r  pre l iminary  ana lyses ,  t o  assume a minimum de- 
t e c t a b l e  r a d i a l  v e l o c i t y  of 20 knots .  (This i s  based on 
assuming t a r g e t  v i s i b i l i t y  begins where response is  b e t t e r  
than  -6 dB wi th  r e spec t  t o  t h e  maximum response o f  a double 
de l ay - l ine  m t i  c ance l e r ,  wi th  t h e  f i r s t  b l i n d  speed a t  120 
knots . )  Using t h i s  va lue ,  and t h e  va lues  o f  d and vg f o r  t h e  
p a r t i c u l a r  airway being examined, Ldm can be r e a d i l y  d e t e r -  
mined from equat ion 2-53. This  i s  so lved  g r a p h i c a l l y  i n  
f i g u r e  2-51. 

(10) A s  may be seen from f i g u r e  2-50, Ldm i s  centered  on t h e  
p o i n t  of  tangency between the  airway, o r  i t s  ex tens ion ,  and 
a c i r c l e  about t h e  A S R  s i t e .  The d i s t ance ,  Ld, o f  ACTUAL 
dropout corresponds t o  t h e  reg ion  of  over lap  between t h e  
airway p lan ,  and Ldm. This  i s  i l l u s t r a t e d  i n  f i g u r e  2-52. 
As i s  r e a d i l y  apparent ,  Ld may be cons iderably  l e s s  than Ldm. 

(11) For each airway where coverage dropout i s  p o s s i b l e ,  t h e  d i s -  
tance  Ldm can be determined from f i g u r e  2-51. Map study of 
t h e  l o c a l  a i r  rou te s  w i l l  then allow t h e  a c t u a l  dropout 
reg ion ,  and Ld, t o  be determined. Once known, Ld may be  
used toge the r  wi th  t h e  a i r c r a f t  v e l o c i t y  t o  determine t h e  
du ra t ion ,  Td, of  coverage dropout .  This  i s  given by 

where 

T i s  i n  seconds 
d 

L i s  i n  n a u t i c a l  miles  
d 

v i s  i n  knots 
g 

(12) This  i s  p l o t t e d  i n  f i g u r e  2-53. Tolerab le  coverage dropout 
w i l l  be  experienced where t h e  va lue  o f  Td s o  determined i s  
l e s s  than TD a s  der ived  from equat ion 2-52 (p. 149).  Fur ther  
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Figure 2-51. MAXIMUM COVERAGE DROPOUT CAUSED BY TANGENTIAL 
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FIGURE 2-52.  COVERAGE DROPOUT REGION 
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Figure 2- 53. TIME VS. DISTANCE FOR COVERAGE DROPOUT 

Note  : 

"9 = Aircraf t  Ground Speed 

L e n p t h  L d l  Of Dropout Region (NAUTICAL MILES) 
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cons ide ra t ion  o f  a  s i t e  where Td > TD, f o r  any airway wi th in  
t h e  (usua l ly  10 o r  15 m i )  range r e g i o n  o f  m t i  r e c e i v e r  usage, 
should be  given only  a f t e r  coord ina t ion  wi th  A i r  T r a f f i c  and 
F l i g h t  Standards Divis ion r e p r e s e n t a t i v e s .  

23.  SOURCES/CAUSES OF DEGRADED PERFORMANCE. 

a .  In t roduc t ion .  Radar performance i s  m a t e r i a l l y  a f f e c t e d  by t h e  en- 
vironment, and t h e r e f o r e  t h e  geographic l o c a t i o n ,  i n  which it oper- 
a t e s .  The two most important f a c t o r s  which in f luence  radar/beacon 
coverage a r e  t h e  e a r t h ' s  s u r f a c e  and i t s  atmosphere. 

The e a r t h ' s  s u r f a c e  o r  t e r r a i n  i n  t h e  v i c i n i t y  of t h e  radar/beacon 
antenna can a l t e r  t h e  f ree-space  r a d i a t i o n  p a t t e r n  a s  we l l  a s  pro- 
duce unwanted s i g n a l  r e t u r n s .  The ex ten t  o f  t h e s e  ea r th - su r f ace  
e f f e c t s  depend on t h e  e f f e c t i v e  antenna h e i g h t ,  s u r f a c e  roughness, 
t e r r a i n  f e a t u r e s ,  and t h e  presence of  n a t u r a l  o r  manmade o b s t a c l e s  
about t h e  s i t e .  The s p e c i f i c  c h a r a c t e r  of  t h e s e  s u r f a c e  r e l a t e d  
parameters  determines t h e  radar/beacon coverage ob ta inab le  by 
v i r t u e  o f  t h e  screening ,  lobing,  f a l s e  t a r g e t s ,  and/or  c l u t t e r  
they  produce. 

The e a r t h ' s  atmosphere wi th in  t h e  geographical  reg ion  of t h e  s i t e  
can a l s o  a f f e c t  radar/beacon performance by (1) r e f r a c t i o n  caused 
by an inhomogeneous atmosphere, (2) a t t e n u a t i o n  due t o  severe  
weather condi t ions ,  and/or  (3)  chemical damage t o  t h e  components 
of  t h e  radar/beacon system from co r ros ive  agents  ( o r  contaminants) 
i n  t h e  atmosphere. These sources o f  system performance degrada- 
t i o n  a r e  d iscussed  below. 

b.  S i t e  Eleva t ion  and Surface  Roughness. 

(1) The e f f e c t  of s i t e  e l eva t ion  on t h e  r a d i a t i o n  p a t t e r n  
and coverage of t h e  radar/beacon antenna may be seen i n  
f i g u r e  2-54. A comparison of  r a d i a t i o n  p a t t e r n s  between 
t h e  h i g h - s i t e d  and low-si ted antenna i n  t h e  f i g u r e  shows 
t h a t  t h e  h i g h - s i t e d  antenna has t h e  g r e a t e r  low-angle 
coverage. However, t h e  ex t en t  of  c l u t t e r  ( s i g n a l  r e t u r n  
from nearby land and sea  su r f aces )  i s  i nc reased  f o r  
h igh - s i t ed  r ada r s  and t h e  h i g h - a l t i t u d e  coverage i s  cor -  
respondingly decreased.  

(2) The e f f e c t i v e  he igh t  of an antenna i s  a  s i g n i f i c a n t  
f a c t o r  i n  c a l c u l a t i n g  t h e  e f f e c t  of t h e  e a r t h  on t h e  
r a d i a t i o n  p a t t e r n .  I t  may o r  may not  correspond t o  t h e  
s i t e  e l e v a t i o n .  The e f f e c t i v e  he ight  of  an antenna-- 
wi th  t h e  e a r t h  regarded a s  a  smooth r e f l e c t o r - - i s  i t s  
he ight  above t h e  l o c a l  t e r r a i n  o r  r e f l e c t i n g  s u r f a c e .  
E f f e c t i v e  he ight  can vary a s  t h e  antenna r o t a t e s .  This  
i s  e s p e c i a l l y  t r u e  of a  c o a s t a l  c l i f f - s i t e d  antenna;  i t s  
e f f e c t i v e  he ight  i s  equal  t o  i t s  e l e v a t i o n  on an over- 
water azimuth, bu t  i s  much l e s s  when t h e  antenna looks 
in i and .  
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(3) The f a c t o r  of  e f f e c t i v e  antenna he ight  has  added s i g -  
n i f i c a n c e  where r e f l e c t i o n s  from t h e  e a r t h ' s  s u r f a c e  
m a t e r i a l l y  a f f e c t  t h e  s t r u c t u r e  of t h e  r a d i a t i o n  p a t t e r n .  
Where t h e  e a r t h  i s  smooth, r e l a t i v e  t o  r ada r  wavelength, 
ground r e f l e c t i o n s  of t h e  r ada r  beam occur.  Where t h e  
e a r t h  is  rough, d i f f u s e  r e f l e c t i o n  ( s c a t t e r i n g )  of t h e  
r ada r  beam r e s u l t s ,  t h e  r a d i a t i o n  p a t t e r n  i s  much l e s s  
a f f e c t e d  by ground r e f l e c t i o n ,  and t h e  f a c t o r  of e f f e c -  
t i v e  antenna he ight  has reduced s i g n i f i c a n c e .  

(4) Ground r e f l e c t i o n  occurs  when t h e  beam r a d i a t e d  from 
t h e  antenna s t r i k e s  t he  s u r f a c e  o f  t h e  e a r t h  and bounces 
upward. The v e r t i c a l  coverage of  a  r ada r  can vary 
g r e a t l y  because of ground r e f l e c t i o n s ,  a s  t h e  r e f l e c t e d  
wave may a r r i v e  a t  t h e  t a r g e t  i n  a  manner t h a t  w i l l  
e i t h e r  a i d  o r  oppose t h e  d i r e c t  wave. This e f f e c t  of 
s u b t r a c t i o n  and add i t i on  between t h e  r e f l e c t e d  wave and 
t h e  d i r e c t  wave c r e a t e s  a  v e r t i c a l  p a t t e r n  of  n u l l s  and 
lobes a s  i l l u s t r a t e d  i n  f i g u r e  2-54. Lobing e f f e c t s  
a r e  d iscussed  q u a n t i t a t i v e l y  i n  d e t a i l  i n  paragraph 22b. 
With low-si ted antennas i n  smooth t e r r a i n  te rmina l  
a r eas ,  beacon lobing n u l l  angles  f r equen t ly  occur  which 
approach ' t he  g l i d e  s lope  angles  f o r  descending a i r c r a f t  
and may s e r i o u s l y  compromise ATCBI coverage. 

(5) In  genera l ,  t h e  s e l e c t i o n  o f  high versus low antenna 
e l e v a t i o n s  r e q u i r e s  a  t r a d e o f f  between t h e  var ious  pe r -  
formance degrading e f f e c t s  t o  achieve optimum coverage. 
An i d e a l  antenna he igh t  w i l l  keep lobing n u l l  angles  
below g l i d e  s lope  pa ths  whi le  minimizing t h e  c l u t t e r  
a r e a  and pe rmi t t i ng  adequate high and low a l t i t u d e  
coverage. 

Te r ra in  Types. In  gene ra l ,  r a d a r  s i t e s  a r e  d iv ided  i n t o  
t h r e e  geographic c a t e g o r i e s :  c o a s t a l ,  f l a t - e a r t h ,  and moun- 
t a inous .  S ince  t h e  t e r r a i n  v a r i e s  cons iderably  wi th  l o c a l i t y ,  
a  d i scuss ion  o f  each category i s  included a s  background i n -  
formation f o r  guidance i n  s p e c i f i c  s i t e  s e l e c t i o n .  

(1) Coas ta l  S i t e s .  

When t h e  a r e a  of primary search  overlooks t h e  s e a ,  
t h e  s i t e  should be loca t ed  t o  ob ta in  a  wide, unob- 
s t r u c t e d  panorama of t h e  s e a .  Low-angle, long-range 
coverage i s  b e s t  ob ta ined  with t h e  antenna s i t e  a t  
t h e  h ighes t  p r a c t i c a l  e l e v a t i o n .  

Lowering t h e  he ight  o f  t h e  antenna r a i s e s  t h e  r a d a r  
10s and r e s u l t s  i n  a  reduct ion  i n  range coverage a t  
t h e  lower a l t i t u d e s .  Therefore,  i f  t h e  d e t e c t i o n  
of  t a r g e t  a i r c r a f t  a t  low angles  i s  a  c r i t e r i o n  i n  
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meeting ope ra t iona l  requirements ,  t h e  s a c r i f i c e  i n  
low-angle coverage t h a t  r e s u l t s  from decreas ing  t h e  
antenna he ight  must be c a r e f u l l y  considered.  

(c)  The ex ten t  of s e a  c l u t t e r  can be expected t o  dimin- 
i s h  wi th  decreased r a d a r  horizon d i s t a n c e  a s  t h e  
e l eva t ion  of t h e  antenna i s  decreased.  For t h e  
case  of a  r ada r  s i t e d  r e l a t i v e l y  low over  t h e  s e a ,  
t h e  problem i s  one of i n t e n s i t y  o f  c l u t t e r  r a t h e r  
than  of ex t en t  of c l u t t e r  r e l a t i v e  t o  t h e  maximum 
range of t h e  r a d a r .  

(d) The r a d i a t i o n  p a t t e r n  f o r  a  lower antenna he ight  
( s ee  paragraph 22b), i s  cha rac t e r i zed  by fewer lobes 
a t  h igher  e l e v a t i o n  angles  and g r e a t e r  spacing be- 
tween t h e  lobes.  The consequent r educ t ion  i n  low- 
angle  coverage i s  i n  a d d i t i o n  t o  t h a t  imposed by 
changing t h e  r a d a r  10s. ,The reduct ion  o f  low-angle 
coverage and t h e  g r e a t e r  gaps i n  v e r t i c a l  coverage 
a r e  perhaps t h e  most important c h a r a c t e r i s t i c s  of 
t h e  low-si ted c o a s t a l  r a d a r .  

(e)  Radar range, a s  we l l  a s  t h e  ex t en t  of s e a  c l u t t e r ,  
v a r i e s  somewhat wi th  t h e  condi t ion  of  t h e  s e a .  
When t h e  sea  i s  smooth, c l u t t e r  i s  reduced and t h e  
v e r t i c a l  r a d i a t i o n  p a t t e r n  i s  c h a r a c t e r i z e d ,  i n  gen- 
e r a l ,  by a  l a r g e  number of  c l o s e l y  spaced lobes i n  
t h e  p a t t e r n .  A s  an approximation, t h e  number of 
lobes w i l l  be equal  t o  t h e  number of  h a l f  wave- 
lengths  contained i n  t h e  he igh t  of t h e  antenna above 
t h e  sea .  Some extens ion  of t h e  r ada r  range can be 
expected a s  a  r e s u l t  o f  lobing.  This  may be o f f s e t ,  
however, by l o s s  of t r ack ing  a b i l i t y  a s s o c i a t e d  wi th  
t h e  gaps of t h e  i n t e r f e r e n c e  p a t t e r n .  Under con- 
d i t i o n s  of a  d i s tu rbed  s e a , i t  may be expected t h a t  
t h e  c l u t t e r  w i l l  i nc rease  i n  ex t en t  and i n t e n s i t y ,  
and t h a t  t h e  r a d i a t i o n  p a t t e r n  w i l l  tend toward t h e  
f ree-space  condi t ion  because of t h e  e f f e c t  of s c a t -  
t e r i n g .  A s  a  r e s u l t ,  r ada r  coverage o r  t r ack ing  
beyond t h e  range of c l u t t e r  may be expected t o  be 
more "sol id";  however, because of t h e  g r e a t  i n t e n s i t y  
of t h e  s e a  r e t u r n ,  t r ack ing  wi th in  t h e  range of c l u t -  
t e r  may be g r e a t l y  diminished. 

( f )  An e s t ima te  of t h e  ex t en t  of t h e  sea  r e t u r n  can be 
made by assuming va r ious  antenna e l e v a t i o n s  and by 
c a l c u l a t i n g  t h e  corresponding d i s t ances  t o  t h e  r ada r  
horizon.  Under condi t ions  of a  d i s tu rbed  s e a ,  t h e  
s e a  r e t u r n  w i l l  tend t o  extend t o  t h e  r a d a r  horizon.  
Tracking a t  ranges l e s s  than t h e  horizon d i s t a n c e  
may be l a rge ly  handicapped by s e a  c l u t t e r .  
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(g) I f  t h e r e  i s  a  choice between a  s i t e  overlooking t h e  
open sea  and one overlooking a  l a r g e  expanse of 
r e l a t i v e l y  p r o t e c t e d  water  of  comparable azimuth 
e x t e n t ,  t h e  l a t t e r  i s  t o  be p r e f e r r e d .  This i s  be- 
cause of  t h e  reduced s e a  c l u t t e r  and, t o  some e x t e n t ,  
t h e  more n e a r l y  s t a b l e  e f f e c t  on t h e  r a d i a t i o n  p a t -  
t e r n .  The guiding f a c t o r s ,  i n  any case ,  should be:  
(a)  maximum unobstructed azimuthal coverage, and 
(b) s u f f i c i e n t  antenna he ight  f o r  ope ra t iona l  cov- 
erage of  low a l t i t u d e  f i x e s .  

Overland S i t e s .  

(a)  In  overland azimuth s e c t o r s  of search ,  p a r t i c u l a r l y  
over  rough t e r r a i n ,  ground c l u t t e r  can be ex tens ive  
up t o  t h e  r ada r  horizon.  

(b) In  add i t i on ,  permanent echo r e t u r n s  from t e r r a i n  
f e a t u r e s  l oca t ed  beyond t h e  r a d a r  horizon may be 
v i s i b l e  on t h e  r ada r  i n d i c a t o r  because o f  t h e i r  
he ight  and l a r g e  r e f l e c t i n g  a r e a s .  The primary d i f -  
fe rence ,  then,  between a  s i t e  overlooking t h e  s e a  
and one overlooking land,  i s  t h e  e x t e n t  and in t en -  
s i t y  of t h e  c l u t t e r .  Land search  imposes more 
severe  c l u t t e r  l i m i t a t i o n s  on a  given r a d a r .  Again, 
t h e  he ight  of t h e  antenna above t h e  ground w i l l  have 
t o  be a  compromise between t h e  maximum u s e f u l  range 
of  a  r ada r ,  f o r  a  given t z r g e t  a i r c r a f t ,  a t  medium 
o r  low a l t i t u d e s  and t h e  amount of ground c l u t t e r  
t h a t  can reasonably be t o l e r a t e d .  

( c )  F l a t  Earth S i t e s .  

In  s i t u a t i o n s  where the  t e r r a i n  i n  a  general  
l o c a l i t y  of  a  proposed r ada r  s i t e  i s  r e l a t i v e l y  
f l a t ,  p a r t i c u l a r  regard should be given t o :  
(1) t h e  d i s t a n t  horizon should be v i s i b l e  from 
t h e  antenna loca t ion  over a s  g r e a t  an azimuth 
s e c t o r  a s  p o s s i b l e ,  p a r t i c u l a r l y  i n  t h e  azimuth 
s e c t o r  of  i n t e r e s t  f o r  minimum screening;  and 
(2) t h e  ground i n  t h e  v i c i n i t y  of  t h e  antenna 
should be thoroughly rough, wi th  t r e e s ,  under- 
growth, small  bu i ld ings ,  and such obs t ruc t ions  
t h a t  w i l l  break up r e f l e c t i o n s  of t h e  r a d a r  beam. 
(Care should be taken t h a t  t h i s  roughness does 
not  i nc rease  c l u t t e r  o r  permanent echoes unduly.) 
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2 .  In  heav i ly  f o r e s t e d  r eg ions ,  o r  i n  t h e  presence - 
of natural/manmade obs t ruc t ions  t o  v i s i b i l i t y ,  
t h e  r ada r  antenna should be tower-mounted a t  a  
he ight  s u f f i c i e n t  t o  c l e a r  t h e  o b s t r u c t i o n s  and 
permit v i s i b i l i t y  of t h e  d i s t a n t  hor izon .  
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C l u t t e r  may be reduced t o  some e x t e n t  by ad- 
j u s t i n g  t h e  antenna t i l t ,  by us ing  mtj devices ,  
o r  by incorpora t ing  an al lowable an~ollnt oLC 1;: . *  

screening .  

The f i r s t  two c l u t t e r  con t ro l  measures a r e  
a s soc i a t ed  with t h e  r ada r  equipment. In t h e  
l a t t e r  method, t h e  screening  o b s t a c l e  may bc a 
r i d g e ,  a  succession of r i d g e s ,  o r  a  s e r i e s  of 
h i l l s  i n  t h e  v i c i n i t y  of  t h e  s i t e .  

The loca t ion  of t he  antenna, with r e spec t  t o  
t h e  screening  obs t ac l e ,  should be such t h a t  t h e  
c l u t t e r  i s  reduced t o  al lowable l i m i t s  and t h a r  
t h e  e l eva t ion  of t h e  l i n e - o f - s i g h t  13;)t.s 11:11 . 
ceed ope ra t iona l  l i m i t s .  In  an i d e a l i z e d  chse,  
t h e  loca t ion  of a  r ada r  antenna would be a t  t h e  
c e n t e r  of  a  l a rge ,  shal low,  saucer-shaped de- 
p re s s ion .  The c l u t t e r  would then be l imi t ed  
l a r g e l y  t o  t h e  per iphery  of t h e  depress ion .  
However, such depress ions  a r e  not  commonly 
found. The same e f f e c t  can be c rea t ed  by t r e e s  
o r  o t h e r  types of vege ta t ion  completely s u r -  
rounding t h e  s i t e .  Nonref lec t ive  manmade oh- 
j e c t s  may se rve  a  s i m i l a r  purpose. 

(d)  Mountain S i t e s .  

In  mountainous reg ions  t h e  loca t ion  of a  search-  
r ada r  antenna i s  determined, a s  a  genera l  r i l l e ,  
by t h e  amount of sc reening  t h a t  may be to1cra:ed 
from adjacent  mountain ranges o r  r i d g e s ,  t h e  
ex t en t  and i n t e n s i t y  of t h e  c l u t t e r  and perma- 
nent  echo r e t u r n ,  t h e  a c c e s s i b i l i t y  of t h e  s i t e ,  
and t h e  economic l i m i t a t i o n s  and s p e c i a l  prob-  
lems imposed by t h e  topography of a  l c c a l j t y .  
With the  r e l a t i v e l y  high e l e v a t i o n  of  an antenna 
s i t e  l oca t ed  on a  mountain t o p ,  t h e  problem of 
c l u t t e r  i s  correspondingly g r e a t e r .  

2 .  The p r i n c i p a l  f a c t o r s  t o  be considered j n  s ? -  - 
letting a  mountain l o c a t i o n  a r e :  (1) t he  e l c  
va t ion  of t h e  t e n t a t i v e  s i t e  i n  r e l a t i o n  t o  
t h a t  of ad jacent  s c reen ing  t e r r a i n ,  ( 2 )  t h e  
d i s t a n c e  between t h e  s i t e  and t h e  screening  
t e r r a i n ,  and ( 3 )  t h e  range of  performnnce r : )n5-  
b i l i t y  of t h e  r ada r  compared w i t h  t h e  c . L ~ l t ~ :  . 

3 .  The f i r s t  two f a c t o r s  combine t o  determine t i i ;  - 
angular  e l e v a t i o n  of t h e  10s o r  sc reening  angle .  
They should be such a s  t o  y i e l d  3 T C ~ ~ J - .  . - - 
pres s ion  of t h e  10s i n  the  azimuth s z c t a r s  L \ I  
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primary ope ra t iona l  i n t e r e s t .  The second, 
sc reen  d i s t a n c e ,  a f f o r d s  an e s t ima te  of  t h e  
ex t en t  of c l u t t e r  t o  be expec ted - -c lu t t e r  gen- 
e r a l l y  extends t o  t h e  v i s i b l e  sky l i n e .  The 
choice  of a  mountain-top loca t ion  a s  a  r ada r  
s i t e  t hus  involves a  compromise between screen-  
ing and c l u t t e r  l i m i t a t i o n s  and r a d a r  perform- 
ance c a p a b i l i t y .  

Mountain-top s i t e s  o f t e n  in t roduce  s p e c i a l  prob- 
lems of acces s ,  i n s t a l l a t i o n ,  ope ra t ion ,  and 
maintenance. These concern access  road con- 
s t r u c t i o n ;  p r o t e c t i o n  aga ins t  wind, snow, and 
i c e ;  and t h e  a v a i l a b i l i t y  of water  and l o c a l  
f u e l .  These a r e  i tems of  p a r t i c u l a r  i n t e r e s t  
t o  t h e  cons t ruc t ion  engineers  i n  a  s i t i n g  p a r t y .  
They a r e  i tems,  t oo ,  whose c o s t s  may r u l e  out  
t h e  use  of otherwise d e s i r a b l e  s i t e s .  

(e)  Urban S i t e s .  

Urban a r e a s  p re sen t  widely vary ing  cond i t i ons  
which can a f f e c t  r a d a r  and beacon performance. 
Such s i t e s  a r e  t y p i f i e d  by v a r i a b l e  s k y l i n e  and 
s u r f a c e  cond i t i ons ,  and increased  problems due 
t o  s t r u c t u r e s ,  v e h i c u l a r  t r a f f i c ,  r f i ,  and 
atmospheric contaminants.  Frequent ly,  cos t  r e -  
l a t e d  f a c t o r s  a r e  d e c i s i v e  i n  s e l e c t i n g  s i t e  
l o c a t i o n s  i n  urban a r e a s .  Land a v a i l a b i l i t y  
and t h e  cos t  t h e r e o f ,  w i l l  i n  many cases  s eve re ly  
l i m i t  t h e  number of p o t e n t i a l l y  accep tab le  s i t e  
l o c a t i o n s .  

2 .  Once p o t e n t i a l  s i t e  l oca t ions  a r e  determined, - 
s e l e c t i o n  should g ive  s p e c i a l  a t t e n t i o n  t o  
screening  and r e f l e c t i o n s  due t o  s t r u c t u r e s ,  
i n t e r f e r e n c e ,  p o t e n t i a l l y  co r ros ive  atmospheric 
p o l l u t a n t s ,  and c l u t t e r .  Screening,  c l u t t e r ,  
and r e f l e c t i o n  problems can be examined wi th  
t h e  a i d  of techniques presented  i n  paragraphs '  
22a, c ,  and e .  I n t e r f e r e n c e  and co r ros ion  con- 
s i d e r a t i o n s  a r e  d iscussed  i n  subsequent sub- 
paragraphs.  

3. For t y p i c a l  housing developments and e s t a b l i s h e d  - 
urban communities, t h e  compact arrangement of 
homes usua l ly  p re sen t s  a  s u r f a c e  of c l o s e l y  
spaced roof tops  i n t e r s p e r s e d  wi th  t r e e  f o l i a g e .  
This  type  of  r e f l e c t i n g  su r f ace ,  be ing  h igh ly  
i r r e g u l a r ,  w i l l  i n  general  "break up" t h e  i m -  
p inging ASR and beacon r a d i a t i o n  t o  t h e  ex t en t  
t h a t  l i t t l e  lobing can be expected. However, 
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ASR c l u t t e r  w i l l  i n c r e a s e  i n  t h e  azimuth s e c t o r  
and range over  which t h i s  s u r f a c e  ex tends .  
Nevertheless ,  wi th  use of  m t i  and s t c  c l u t t e r  
r educ t ion  techniques,  antenna he igh t s  and t i l t  
angles  can usua l ly  be found which a f f o r d  an e f -  
f e c t i v e  compromise between t h i s  type  of c l u t t e r  
and t h e  low-a l t i t ude  coverage d e s i r e d .  

4. Highways, s t r e e t s ,  o r  roads loca t ed  near  a  s i t e  - 
under cons idera t ion  should be noted p a r t i c u l a r l y  
when t h e  road su r f ace  w i l l  be d i r e c t l y  i l l u m i -  
na ted  by t h e  ASR and beacon. I f  t h e  course of 
t h e  thoroughfare i s  along a  r a d i a l  o f  t h e  scan- 
ning ASR o r  beacon i n t e r r o g a t o r ,  l o c a l i z e d  ve r -  
t i c a l  lob ing  can be expected. Furthermore, mov- 
ing veh icu la r  t r a f f i c  along a  highway, road ,  o r  
r a i l r o a d  w i l l  g ene ra t e  moving t a r g e t  i n d i c a t i o n s  
on t h e  p p i .  

5 .  Because of t h e  cons tan t  cons t ruc t ion  and renewal - 
a c t i v i t i e s  i n  and around urban a r e a s ,  it i s  ad- 
v i s a b l e  t o  con tac t  municipal o f f i c i a l s  t o  iden- 
t i f y  any planned cons t ruc t ion  i n  t h e  v i c i n i t y  of 
t h e  s i t e  being considered which could degrade 
and/or  compromise r a d a r  and/or  beacon performance. 

d .  Anomalous Propagat ion.  

Electromagnetic waves propagat ing through t h e  e a r t h ' s  
atmosphere do not  t r a v e l  i n  s t r a i g h t  l i nes ,  bu t  a r e  
curved. This  cu rva tu re  i s  caused by t h e  v a r i a t i o n  with 
a l t i t u d e  of t h e  v e l o c i t y  of propagat ion,  o r  t h e  index 
of r e f r a c t i o n ,  def ined  a s  t h e  r a t i o  of v e l o c i t y  of 
propagat ion i n  f r e e  space t o  t h a t  i n  t h e  medium i n  ques- 
t i o n .  For a  s tandard  atmosphere, t h e  index of r e f r a c t i o n  
decreases  wi th  a l t i t u d e ,  causing t h e  r a d a r  waves t o  bend 
downward. A t  t imes ,  however, changes i n  t h e  s tandard  
condi t ions  of  t h e  atmosphere brought about by moving a i r  
masses, r a i n ,  fog ,  temperature i nve r s ions ,  e t c . ,  can 
cause changes i n  t h e  nominal index of r e f r a c t i o n .  When 
t h i s  occurs ,  abnormal propagat ion r e s u l t s  where r ada r  
waves a r e  bent  e i t h e r  f u r t h e r  downward,or in some cases ,  
upward. This  depa r tu re  from t h e  normal bending of t h e  
r ada r  wave i s  c a l l e d  anomalous propagat ion.  

Page 162 

( 2 )  The term anomalous progagat ion inc ludes  both  super-  
r e f r a c t i o n  and sub re f r ac t ion .  Supe r re f r ac t ion  r e s u l t s  
i n  an extreme downward bending of t h e  r ada r  waves and 
permi ts  ground and near  su r f ace  t a r g e t s  t o  be seen con- 
s i d e r a b l y  beyond t h e  normal r a d a r  hor izon .  The energy 
i s  propagated i n  a  reg ion  c a l l e d  a  duct which usua l ly  
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l i e s  a t  o r  nea r  t h e  e a r t h ' s  su r f ace .  A duct  is produced 
when t h e  index of r e f r a c t i o n  decreases  wi th  a l t i t u d e  a t  
a  r a p i d  r a t e .  

(3) Upward cu rva tu re  of t h e  r a d a r  waves occur  when t h e  r e -  
f r a c t i o n  index inc reases  wi th  inc reas ing  a l t i t u d e .  This  
i s  c a l l e d  s u b r e f r a c t i o n  and leads  t o  a  decrease i n  r a d a r  
range a s  compared with s tandard  cond i t i ons .  A t  ASR and 
beacon f r equenc ie s ,  t h e  index o f  r e f r a c t i o n ,  n ,  f o r  a i r  
which con ta ins  water  vapor i s  (from re fe rence  11) 

where 

p  = barometr ic  p re s su re  i n  m i l l i b a r s  
( 1  mm Hg = 1.3332 m i l l i b a r s )  

e  = p a r t i a l  p re s su re  of water  vapor i n  m i l l i b a r s  

T  = abso lu t e  temperature,  O K .  

(4)  The barometr ic  p re s su re ,  p, and t h e  water  vapor content ,  
e ,  decrease  r a p i d l y  wi th  a l t i t u d e ,  while  t h e  temperature,  
T, decreases  s lowly.  Hence, t h e  index of r e f r a c t i o n  
normally decresses  wi th  inc reas ing  a l t i t u d e .  A t y p i c a l  
va lue  of t h e  index of r e f r a c t i o n  nea r  t h e  s u r f a c e  of t h e  
e a r t h  i s  1.0003,and i n  a  s tandard  atmosphere i t  decreases  
a t  t h e  r a t e  of  about 1.3.1 x  l o - *  pe r  f o o t  of  a l t i t u d e .  

(5) The atmospheric condi t ions  t h a t  can produce anomalous 
propagat ion a r e  t hose  where t h e  p r e s s u r e ,  t empera ture ,  
and water  vapor content  g rad ien t s  depar t  d r a s t i c a l l y  
from t h a t  of a  s tandard  atmosphere. A s  s t a t e d  e a r l i e r ,  
t o  produce a  duc t ,  t h e  index of r e f r a c t i o n  must decrease  
with a l t i t u d e  a t  a  r a p i d  r a t e  ( i . e . ,  f a s t e r  than  normal).  
This can occur  when ( I )  t h e  temperature i n c r e a s e s ,  and/ 
o r  ( 2 )  t h e  humidity (water vapor content )  decreases  ab- 
normally with a l t i t u d e .  An inc rease  of temperature w i th  
a l t i t u d e  i s  c a l l e d  a  temperature invers ion  and occurs  
when t h e  temperature of  t h e  s e a  o r  land s u r f a c e  i S  
apprec iab ly  l e s s  than t h a t  of  t h e  a i r .  A temperature 
i nve r s ion ,  by i t s e l f ,  must be.very pronounced t o  produce 
duc t ing .  Water-vapor g rad ien t s  a r e  more e f f e c t i v e  than  
temperature g rad ien t s  a lone.  Thus, s u p e r r e f r a c t i o n  i s  
u sua l ly  more prominent over oceans, e s p e c i a l l y  i n  warm 
c l imates .  
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(6) I n  genera l ,  supe r re f r ac t ion  w i l l  occur when t h e  a i r  i s  
excep t iona l ly  warm and dry i n  comparison wi th  t h e  a i r  
a t  t h e  s u r f a c e .  Some of t h e  more f a m i l i a r  causes of 
t h e s e  condi t ions  a r e  a s  fo l lows:  

(a)  Over land  masses, supe r re f r ac t ion  i s  most n o t i c e a b l e  
on c l e a r  summer n i g h t s ,  e s p e c i a l l y  when t h e  ground 
i s  warm and mois t .  This leads t o  a  temperature i n -  
vers ion  a t  t h e  ground and a  sharp  decrease i n  hu- 
midi ty wi th  a l t i t u d e .  Such duct ing w i l l  u sua l ly  
disappear  during the  warmest p a r t  of t h e  day. 

(b) Movement o f  l a r g e  masses of  warm dry a i r ,  from land,  
over coo le r  bodies  of water produces temperature 
i nve r s ion .  A t  t h e  same t ime,  moisture i s  added from 
t h e  water  t o  produce a  moisture g r a d i e n t .  The r e -  
s u l t i n g  duc t ing  tends  t o  be more prominent on t h e  
leeward s i d e  o f  land masses and can l a s t  f o r  long 
per iods  of t ime.  

(c)  Ground ducts  can be produced by t h e  d iverg ing  down- 
d r a f t  under a  thunderstorm t h a t  causes a  temperature 
i nve r s ion  and a  decreasing mois ture  g rad ien t  over  
t h e  lowest few thousand f e e t  of  a l t i t u d e .  

(7) In  temperate c l ima te s ,  s u p e r r e f r a c t i o n  i s  more common i n  
summer than i n  win ter .  I t  does not  occur  when t h e  a t -  
mosphere i s  wel l  mixed, a  condi t ion  gene ra l ly  accompa- 
nying poor weather.  When it i s  co ld ,  rough, stormy, 
r a i n y ,  o r  cloudy, t h e  lower atmosphere i s  well  s t i r r e d  
up and propagat ion i s  l i k e l y  t o  be normal. Both rough 
t e r r a i n  and high wind tend t o  i nc rease  t h e  atmospheric 
mixing, consequently reducing t h e  occurrence of duc t ing .  

(8) Atmospheric duc ts  a r e  gene ra l ly  of t h e  o rde r  of  s e v e r a l  
t e n s  of  f e e t  high, never  more than perhaps 500 o r  600 
f e e t .  They a r e  p r imar i ly  l imi t ed  t o  low angles  of e l e -  
v a t i o n ,  r a r e l y  a f f e c t i n g  radar/beacon coverage a t  angles  
above 1 . 0  t o  1.5 ' .  In  gene ra l ,  low-s i ted  r a d a r s  a r e  
more s u s c e p t i b l e  t o  duc t ing  than h i g h - s i t e d  ones.  

(9) The chief  e f f e c t  of duc t ing  i s  t o  extend t h e  s u r f a c e  
coverage of t h e  radar/beacon,  while  a t  t h e  same t ime 
c r e a t i n g  a  l a r g e  hole  of poor coverage i n  t h e  a i r s p a c e  
above t h e  extended s u r f a c e  coverage. In  t h e  case of t h e  
ASR, t h i s  can be troublesome. Most of t h e  long-range, 
l ow-a l t i t ude  coverage w i l l  inc lude  c l u t t e r ,  making de- 
t e c t i o n  of  a i r c r a f t  more d i f f i c u l t .  Also, t h e  extended 
ranges wi th in  t h e  duct may r e s u l t  i n  ambigui t ies  and 
confusion because of  i n t e r f e r e n c e  of second-time-around 
echoes. 
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(10)  Fur thermore ,  s u p e r r e f r a c t i o n  i s  a  phenomenon t h a t  can-  
n o t  be depended upon. I t s  p r e s e n c e  and magnitude a r e  
de te rmined  bv m e t e o r o l o g i c a l  c o n d i t i o n s  o v e r  which t h e r e  
i s  no c o n t r o l .  

(11) S u b r e f r s c t i o n  phenomena occur  l e s s  f r e q u e n t l y  t h a n  d u c t -  
i n g .  I n  c e r t a i n  c a s e s ,  fog  can l e a d  t o  s u b s t a n d a r d  
p r o p a g a t i o n  o r  s u b r e f r a c t i o n .  Fog forms when t h e  w a t e r  
i n  t h e  a i r  changes from t h e  gaseous  t o  t h e  l i q u i d  s t a t e ,  
b u t  t h e  t o t a l  wa te r  c o n t e n t  remains  unchanged.  The 
e f f e c t  o f  w a t e r  i n  t h e  l i q u i d  form on t h e  i n d e x  o f  r e -  
f r a c t i o n  i s  n e g l i g i b l e  compared t o  t h e  w a t e r  vapor  con- 
t e n t  ( s e e  e q u a t i o n  2-55,  p .  163). T h e r e f o r e ,  t h e  f o r -  
mation o f  f o g  n e a r  t h e  s u r f a c e  r e s u l t s  i n  a  r e d u c t i o n  
i n  t h e  w a t e r  vapor  c o n t r i b u t i n g  t o  t h e  i n d e x  o f  r e f r a c -  
t i o n  a t  t h e  s u r f a c e .  Al l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  t h e  
n e t  r e s u l t  i s  t h a t  t h e  wa te r  vapor  c o n t e n t  i n c r e a s e s  
w i t h  a l t i t u d e  c a u s i n g  t h e  index of  r e f r a c t i o n  t o  i n -  
c r e a s e  w i t h  altitude. I t  shou ld  be p o i n t e d  o u t  t h a t  
a l though  fog  can cause  s u b r e f r a c t i o n ,  t h e  p r e s e n c e  o f  
fog i s  n e i t h e r  a  n e c e s s a r y  n o r  a  s u f f i c i e n t  c o n d i t i o n  
f o r  i t s  o c c u r r e n c e .  

S i n c e  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  t h a t  s u p p o r t  anom- 
a l o u s  p r o p a g a t i o n  w i l l  i n  g e n e r a l  ex tend  th roughout  and 
beyond t h e  t e r m i n a l  a i r s p a c e  o f  i n t e r e s t ,  t h e  o p t i o n s  
f o r  r e d u c i n g  i t s  e f f e c t  by s e l e c t i v e  s i t i n g  a r e  l i m i t e d .  
A s  s t a t e d  e a r l i e r ,  l o w - s i t e d  radar /beacon  sys tems  a r e  
more s u s c e p t i b l e  t o  t h e  e f f e c t s  o f  d u c t i n g  t h a n  h igh-  
s i t e d  o n e s .  Th i s  can sometimes b e  b e r e f i c i a l  a g a i n s t  
p o t e n t i a l  d u c t i n g  a t  c o a s t a l  s i t e s  where t h e  e f f e c t i v e  
an tenna  h e i g h t  above t h e  s e a  i s  500 f e e t  o r  more. 
S h i e l d i n g  o r  s c r e e n i n g  i s  a n o t h e r  o p t i o n .  However, t h i s  
i s  l i m i t e d  by  t h e  amount o f  l o w - a l t i t u d e  coverage  t h a t  
czn be s a c r i f i c e d  ~ i t h i n  t h e  a i r s p a c e .  

(13)  Although t h e  s i t i n g  o p t i o n s  w i t h  r e s p e c t  t o  anomalous 
p r o p a g a t i o n  a r e  l i m i t e d ,  i t  i s  n e v e r t h e l e s s  i m p o r t a n t  
t h a t  t h e  s i t i n g  e n g i n e e r  u n d e r s t a n d  and r e c o g n i z e  t h e  
c a u s e s  and e f f e c t s  o f  anomalous p r o p a g a t i o n .  E f f o r t s  
shou ld  b e  made t o  c o l l e c t  t h e  c l i m a t o l o g i c a l  d a t a  n e c e s -  
s a r y  t o  p r e d i c t  i t s  o c c u r r e n c e  and e s t i m a t e  i t s  e f f e c t  
on ASR/beacon pe r fo rmance ,  s o  t h a t  when t h e  c o n d i t i o n  
o c c u r s  i t  w i l l  b e  r ecogn ized  and t h e  r a d a r / b e a c o n  o u t p u t  
p r o p e r l y  i n t e r p r e t e d .  

e .  Weather.  

Chap 2 
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(1) Although one  o f  r a d a r ' s  s p e c i f i c  b e n e f i t s  i s  t h e  a b i l -  
i t y  t c  p e n e t r a t e  f o g ,  r a i n ,  snow, e t c . ,  t h e s e  wea the r  
c o n d i t i o n s  do have degrad ing  e f f e c t s  upon sys tem p e r -  
formance.  Of t h e s e  e f f e c t s ,  t h e  most impor tan t  a r e  
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(1)  r e d u c t i o n  i n  r a d a r  s e n s i t i v i t y  due t o  a b s o r p t i o n  
a n d / o r  s c a t t e r i n g  o f  e n e r g y ,  and (2)  masking o r  con- 
f u s i o n  of  l e g i t i m a t e  t a r g e t s  due t o  t h e  d i s p l a y  o f  
echoes  i r o n  t h e  w e a t h e r  i t s e l f .  O v e r a l l  performance 
d e g r a d a t i o n  i s  g e n e r a l l y  more pronounced f o r  r a i n  t h a n  
f o r  o t h e r  p o s s i b l e  wea the r  c o n d i t i o n s ,  and i s  f r equency  
dependen t .  I t  may b e  n e g l e c t e d  a t  ATCRBS f r e q u e n c i e s ,  
b u t  must be  t a k e n  into accoun t  when e v a l u a t i n g  ASR s y s -  
tem coverage c a p a b i l i t y .  A t  t h e  S-band f requency  o f  
ASR equipment,  r a i n  a t t e n u a t i o n  and r a i n  b a c k s c a t t e r  
may b e  determined from d a t a  i n  r e f e r e n c e  10. T h i s  Is 
sunmar i t ed  h e r e  f o r  convenience  i n  f i g u r e  2-55 and 
t a b l e  2-5 .  

(2)  I f  r a i n  i s  widespread i n  t h e  a r e a ,  i t  may f i l l  a  r a d a r  * r e s o l u t i o n  c e l l .  S i n c e  t h e  volume, v r ,  of  a c e l l  i s  
g iven  by 

where 

R = range  

'a 
= an tenna  azimuth beamwidth 

' e  
= an tenna  e l e v a t i o n  beamwidth 

T = p u l s e  d u r a t i o n  

c  = v e l o c i t y  o f  l i g h t  

( 3 )  The r e s o l u t i o n  c e l l  volume a t  R = 50 nmi i s  g i v e n  by 

9 
v  = 2 . 4 8  x 10 mete r s  (ASR-4B, 5 ,  6 ,  and 7) r 

9 v = 1 . 7 6  x 10 m e t e r s  r (ASR-8) 

( 4 )  R e f e r r i n g  t o  t a b l e  2-5 ,  i t  can b e  s e e n  t h a t  f o r  ve ry  
heavy r a i n ,  p r e c i p i t a t i o n  echo c r o s s  s e c t i o n s  up t o  
546 s q u a r e  m e t e r s  can deve lop  f o r  t h e  ASR-4B, 5 ,  6 ,  and 
7 .  This  i s  much l a r g e r  t h a n  t h a t  o f  any competing t a r -  
g e t  a i r c r a f t .  

( 5 )  S u c c e s s f u l  d e t e c t i o n  o f  d e s i r e d  t a r g e t s  under s e v e r e  
r a i n  c o n d i t i o n s  t h e r e f o r e  r e q u i r e s  r e j e c t i o n  of p r e -  
c i p i t a t i o n  e c h o e s .  T h i s  i s  done i n  ASR systems p r i -  
m a r i l y  by a  swi tch  t o  cp o p e r a t i o n .  There a r e  two t y p e s  
o f  c p ,  d i s t i n g u i s h e d  by t h e  d i r e c t i o n  of  r o t a t i o n  o f  t h e  
e l e c t r i c  v e c t o r  a s  viewed by an o b s e r v e r  l o o k i n g  i n  t h e  
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d i r e c t i o n  of  propagat ion .  A clockwise r o t a t i n g  e l e c t r i c  
f i e l d  v e c t o r  i s  known as  r igh t -hand cp ,  whi le  a  counter-  
clockwise r o t a t i o n  i s  known a s  le f t -hand  cp.  I f  t h e  
r ada r  r a d i a t e s  one sense  of  c i r c u l a r  po la r i zed  energy, 
it  cannot accept  t h e  backsca t t e r ed  echo s i g n a l  from a  
t a r g e t  such a s  a  sphere s i n c e  t h e  sense  of  p o l a r i z a t i o n  
i s  reversed  on r e f l e c t i o n .  That i s ,  i f  r ight-hand cp i s  
t r ansmi t t ed ,  sphe r i ca l  ra indrops  r e f l e c t  t h e  energy a s  
l e f t -hand  cp,  j u s t  a s  t h e  m i r r o r - r e f l e c t e d  image of  a  
r igh t -hand screw thread  appears  t o  be l e f t -hand .  S ince  
t h e  same antenna i s  used f o r  both t r a n s m i t t i n g  and re -  
ce iv ing ,  and t h e  r ada r  antenna i s  not  responsive t o  t h e  
oppos i t e  sense  of  r o t a t i o n ,  t he  r e c e i v e r  does not r e -  
ce ive  echo energy from t h e  sphe r i ca l  r e f l e c t o r .  

An a i r c r a f t  t a r g e t  w i l l  r e t u r n  some energy wi th  t h e  co r -  
r e c t  p o l a r i z a t i o n  a s  wel l  a s  energy with t h e  i n c o r r e c t  
p o l a r i z a t i o n .  Energy inc iden t  on t h e  a i r c r a f t  may be 
r e tu rned  a f t e r  one bounce, a s  from a  p lane  shee t  o r  a  
s p h e r i c a l  s u r f a c e ;  o r  i t  might make two o r  more bounces 
between var ious  po r t ions  of t h e  a i r c r a f t  before  being 
r e tu rned  t o  t h e  r a d a r .  On each bounce t h e  sense  of  
p o l a r i z a t i o n  i s  r eve r sed .  S i g n a l s  which make s i n g l e  
r e f l e c t i o n s  ( o r  any odd number) w i l l  be r e j e c t e d  by t h e  
cp antenna,  bu t  those  s i g n a l s  which make two r e f l e c t i o n s  
(o r  any even number) w i l l  be accepted .  

The r ada r  c ros s  s e c t i o n  of a i r c r a f t  t a r g e t s  i s ,  i n  gen- 
e r a l ,  l e s s  wi th  c i r c u l a r l y  po la r i zed  r a d i a t i o n  than wi th  
l i n e a r  p o l a r i z a t i o n .  The d i f f e r e n c e  i n  echo s i g n a l  
l e v e l  with cp and l p  w i l l  depend upon a spec t  ang le ,  bu t  
i t  has been r epor t ed  ( r e f e rence  2 )  t h a t  on t h e  average 
c ros s  s e c t i o n  wi th  cp i s  about 5  dB l e s s  than  wi th  l p  
f o r  t h e  ASR frequency reg ion .  

I f  i t  can be assumed t h a t  t h e  combined e f f e c t s  of  cp 
ope ra t ion  and m t i  improvement w i l l  a l low a  t a r g e t  t o  be 
de t ec t ed  a g a i n s t  a  r a i n  c l u t t e r  echo background, it i s  
u se fu l  t o  determine t h e  range of such d e t e c t i o n ,  r e l a -  
t i v e  t o  f r e e  space ope ra t ion .  This i s  determined 
through a  combination of t h e  l o s s  i n  s i g n a l  s t r e n g t h  
due t o  cp (5 dB), and t h a t  due t o  r a i n  a t t e n u a t i o n .  A 
convenient worst-case assumption f o r  t h i s  f a c t o r  i s  2 dB 
(from f i g u r e  2-55) g iv ing  a  t o t a l  s i g n a l  l o s s  of  7 dB. 
This  corresponds t o  a  range coverage which i s  roughly 
67% of t h e  f ree-space  range.  

f .  Corrosion, Sand, and Dust. 

(1) Chemical c o n s t i t u e n t s  and/or sand and dus t  i n  t h e  atmos- 
phere a r e  p o t e n t i a l  sources of co r ros i cn  o r  damage t o  
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radar/beacon equipment o r  components. P r o t e c t i o n  
a g a i n s t  n a t u r a l  concen t r a t ions  of t h e s e  agents  w i t h i n  
a geographical  reg ion  i s  b e s t  accomplished by s p e c i f i c  
design o f  t h e  ASR/ATCRBS systems. However, w i th in  a 
given reg ion  c e r t a i n  l o c a l e s  (centered  about chemical 
process ing  p l a n t s ,  sewage d i sposa l  f a c i l i t i e s ,  ocean 
s h o r e l i n e s ,  mining operations,  o r  i n d u s t r i a l  parks)  may 
e x h i b i t  unusual ly h igh  concent ra t ions  of  such contami- 
nan t s .  I n  s i t i n g ,  t h e s e  a r e a s  should be avoided.  

Some of  t h e  most important  atmospheric c o n s t i t u e n t s  
wi th  r e spec t  t o  cor ros ion  inc lude  ch lo r ides ,  s u l p h a t e s ,  
n i t r a t e s ,  hydrogen i o n s ,  sand,  and d u s t .  Along ocean 
o r  s e a  c o a s t s ,  s a l t  spray  i s  a co r ros ive  f a c t o r  f o r  i n -  
s t a l l a t i o n s  loca t ed  l e s s  than  1,000 f e e t  i n l and .  This  
minimum d i s t anoe  should even be g r e a t e r  i n  c o a s t a l  a r e a s  
where unusual h igh  wind cond i t i ons  a r e  known t o  p r e v a i l .  
Ozone a t  t h e  e a r t h ' s  s u r f a c e  c rea t ed  by photochemical 
r educ t ion  o f  organic  p o l l u t a n t s  (smog) w i l l  d e t e r i o r a t e  
rubber  m a t e r i a l s .  Sand and dus t  from storms i n  d e s e r t  
reg ions ,  o r  i n  and around s tone  q u a r r i e s  o r  mining oper- 
a t i o n s , c a n  have s e r i o u s  e f f e c t s  on moving p a r t s  ( i . e . ,  
bear ings ,  gears )  of t h e  radar/beacon antenna systems. 
Areas of  high sand and dus t  concent ra t ion  should be  
avoided, i f  p o s s i b l e .  

(3) As a guide  t o  i d e n t i f y i n g  p o t e n t i a l  co r ros ive  atmos- 
phere about i n d u s t r i a l  a r e a s ,  p rocess ing  p l a n t s ,  o r  
mining ope ra t ions ,  t a b l e  2-6 shows t h e  concen t r a t ion ,  
source,  and l o c a t i o n s  of some of t h e  more important  of 
t h e s e  atmospheric contaminants.  

g. S t r u c t u r e s .  S t r u c t u r e s  such a s  bu i ld ings ,  m e t a l l i c  f ences ,  
towers,  e t c . ,  i n  t h e  v i c i n i t y  o f  an ASR/beacon s i t e  can r e -  
s u l t  i n  u n s a t i s f a c t o r y  radar/beacon coverage by v i r t u e  of 
t h e  r e f l e c t i o n s  they produce. This  s i t u a t i o n  i s  most s e r i o u s  
with r e spec t  t o  beacon ope ra t ion  where such r e f l e c t i o n s  cause 
t h e  r a d a r  beacon r ep ly  from an a i r c r a f t  t o  appear a t  f a l s e  
azimuth and range p o s i t i o n s  ( s ee  paragraph 22e).  In  t he  
case  of t h e  ASR, s i m i l a r  type  f a l s e  t a r g e t s  a r e  p o s s i b l e  i n  
theory .  However, because o f  t h e  two-way propagat ion pa th  
involved,  ASR f a l s e  t a r g e t s  of t h i s  type  a r e  not  considered 
a s i g n i f i c a n t  problem. The more important e f f e c t  of  s t r u c -  
t u r e s  upon ASR performance a r e  t h e  permanent echo r e tu rns  
they produce. Th i s ,  however, i s  a p o t e n t i a l  problem f o r  
very l a r g e  s t r u c t u r e s  l oca t ed  1/2 mile  o r  more from t h e  r ada r  
because of t h e  recovery time l i m i t a t i o n s  of  t h e  ASR. Such 
r a d a r  r e t u r n s  a r e  gene ra l ly  considered a s  f a l l i n g  wi th in  t h e  
genera l  c l u t t e r  environment of  t h e  r ada r  ( s e e  paragraph 22c) 
and may be t r e a t e d  a s  such i n  s e l e c t i n g  t h e  ASR/beacon s i t e .  

Page 170 
Chap 2 
Par 23 



TABLE 2-6 

ATMOSPHERIC CONTAMINANTS 

Concent ra t ion  ( i n  r a i n  water)  , Source,  and Loca t ion  
of t h e  Most Important  C o n s t i t u e n t s  w i t h  Respect  t o  ~ o r r o s i o n / ~ e a r  -!/ 

-- 

Con taminan t 

Ch lo r ide  ( ~ 1 - )  

N i t r a t e  (NO;) 

Hydrogen i o n s  

Source 

Sea Spray 

I n d u s t r i a l  Areas 

Mining o p e r a t i o n s .  
D e s e r t  wind s torms 

Locat ion 

Over s e a  o r  n e a r  
t h e  c o a s t  

Large c i t i e s ,  
i n d u s t r i a l  areas 

Over land 

Over l and ,  n e a r  
i n d u s t r i a l  areas 

Over l and .  D e s e r t  
a r e a s .  

Concent ra t ion  i n  
Rain Water, m g l l i t e r  

2-20 average .  I n  
extreme winds up  t o  
100 

10-50 average .  Highel 
under extreme condi -  
t i o n s  ( e .  g.  , smog) 

Avg. 5 



Hence, from a  s i t i n g  s t andpo in t ,  t h e  more s i g n i f i c a n t  con- 
cern  with s t r u c t u r e s  w i th in  t h e  immediate s i t e  v i c i n i t y  ( i . e . ,  
l e s s  than 1 / 2  mile)  i s  t h e i r  e f f e c t  i n  producing beacon f a l s e  
t a r g e t s .  

(1)  Fences 

(a)  Among t h e  most prominent sources  of beacon f a l s e  
t a r g e t s  a r e  cha in- l ink  f ences .  Re f l ec t ions  from 
such fences can cause beacon f a l s e  t a r g e t s  over  a  
l a r g e  azimuth s e c t o r  due t o  t h e  v a r i a b l e  angle  of  
r e f l e c t i o n  t h a t  develops a s  t h e  beacon i n t e r r o g a t o r  
beam sweeps along t h e  fence .  Fences a s  f a r  a s  6 
mi les  from t h e  t r a n s m i t t e r  s i t e  have been found t o  
cause f a l s e  t a r g e t  r e p l i e s .  The nomograph of f i g -  
u re s  2-48a and b  may be used t o  p r e d i c t  t h e  range 
ex ten t  of beacon f a l s e  t a r g e t s  f o r  a  given fence 
wi th in  view o f  t he  ASR/beacon s i t e .  

(b) I f  a  s i t e  cannot be  loca ted  which i s  f r e e  of  p o s s i -  
b l e  f a l s e  t a r g e t  r e f l e c t i o n s  due t o  f ences ,  consid- 
e r a t i o n  should be given t o  a  s i t e  which i s  d i r e c t l y  
ad jacent  t o  t h e  fence ,  thereby g r e a t l y  reducing t h e  
e f f e c t i v e  r e f l e c t i n g  a r e a .  Other a l t e r n a t i v e s ,  such 
a s  s u b s t i t u t i n g  wood fenc ing  o r  t i l t i n g  t h e  fence  t o  
produce Brewster angle  r e f l e c t i o n s  should a l s o  be 
cons i-dered. 

( 2 )  Buildings.  

(a) Large bu i ld ings  wi th in  t h e  v i c i n i t y  o f  a  s i t e  can 
produce beacon f a l s e  t a r g e t s  and/or permanent r ada r  
echoes a t  t h e  ASR disp lay  depending on t h e i r  s i z e ,  
d i s t a n c e ,  and o r i e n t a t i o n  r e l a t i v e  t o  t h e  d i r e c t i o n  
of i l l u m i n a t i o n ,  s u r f a c e  roughness,  and m a t e r i a l .  
Bui ldings with metal framework o r  metal s i d i n g  o r  
roof ing  a r e  e s p e c i a l l y  troublesome and should be 
avoided i n  t h e  s i t i n g  of t h e  ATCRBS antennas.  The 
s i t e  should be f r e e  from such r e f l e c t o r s  out  t o  a  
minimum of 1,500 f e e t  from t h e  antenna, p re fe rab ly  
t o  a  d i s t ance  of 1 mile .  

(b) Where no s i t e  i s  a v a i l a b l e  with s u f f i c i e n t  s epa ra t ion  
from nearby bu i ld ings  t o  reduce t h e  occurrence of 
f a l s e  t a r g e t  r e f l e c t i o n s ,  an at tempt  should be made 
t o  l o c a t e  a  s i t e  f o r  which t h e  r ada r  energy angle of 
incidence upon t h e  r e f l e c t o r  i s  a s  small  a s  p o s s i b l e ,  
thereby miriimizir~g t h e  e f f e c t i v e  r e f l e c t i n g  a r e a .  
Other a l t e r n a t i v e s  inc lude  s h i e l d  fenc ing  o r  a r c h i -  
t e c t u r a l  t rea tment  o f  t h e  bu i ld ings  f o r  minimum 
r e f l e c t i o n s .  
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( 3 )  Towers/Backilp ASR/Beacon F a c i l i t i e s .  

Towers w i t h i n  t h e  immediate v i c i n i t y  of t h e  ASR/ 
ATCRBS s i t e  t o  suppor t  RML t r a n s m i t t e r s  o r  backup 
radar /beacon  systems w i l l  i n  a l l  l i k e l i h o o d  produce 
beacon f a l s e  t a r g e t s ,  and /or  beacon s p l i t t i n g .  

Beacon f a l s e  t a r g e t s  a r e  f r e q u e n t l y  produced by r e -  
f l e c t i o n s  from t h e  s t e e l  framework of t o w e r s .  I n  
t h e  c a s e  of backup radar /beacon  f a c i l i t i e s  l o c a t e d  
nearby ,  t h e  antenna o f  t h e  backup system p r e s e n t s  
an e x c e l l e n t  r e f l e c t i n g  s u r f a c e  f o r  beacon f a l s e  
t a r g e t  r e p l i e s  t o  t h e  pr imary system.  Fur thermore,  
any s l i g h t l y  d i f f e r e n t  r o t a t i o n  r a t e  o f  an o p e r a t i v e  
backup d i s h  r e l a t i v e  t o  t h e  pr imary system r o t a t i o n  
can cause  f a l s e  t a r g e t  r e p l i e s  from almost  a l l  
az imuths  about  t h e  s i t e .  

Towers e r e c t e d  n e a r  t h e  ATCRBS s i t e  a r e  a l s o  b e l i e v e d  
t o  produce s p l i t t i n g  of beacon r e p l i e s ,  and hence t h e  
r e p o r t i n g  of f a l s e  t a r g e t s  on automated d i s p l a y  
equipment.  S t u d i e s  o f  t h i s  phenomenon ( r e f e r e n c e s  
13 and 14) have i n d i c a t e d  t h a t  no radar /beacon  s i t e  
s h o u l d  b e  e s t a b l i s h e d  w i t h i n  1,200 f e e t  o f  RML o r  
o t h e r  towers ,  i n  o r d e r  t o  minimize beam s p l i t  
e f f e c t s .  

( 4 )  S i t i n g  G u i d e l i n e s  w i t h  Respect t o  S t r u c t u r e s .  (See 
r e f e r e n c e  8  f o r  more d e t a i l e d  d i s c u s s i o n s . )  

( a )  I n  t h e  s e l e c t i o n  o f  a  s i t e  f o r  an ASR/ATCRBS i n s t a l -  
l a t i o n ,  t h e  a r e a  shou ld  be  f r e e  from p o t e n t i a l  r e -  
f l e c t o r s  o u t  t o  a  minimum of  1 ,500 f e e t  from t h e  
an tenna ,  p r e f e r a b l y  t o  1 m i l e .  P o t e n t i a l  r e f l e c t o r s  
such  a s  meta l  b u i l d i n g s  (meta l  frame, s i d i n g ,  o r  
r o o f i n g ) ,  cha in  l i n k  f e n c e s ,  meta l  towers ,  e t c . ,  
t h a t  a r e  n o t  removed should b e  e i t h e r  s h i e l d e d  from 
d i r e c t  i l l u m i n a t i o n  by t h e  r z d a r  beacon o r  modi f i ed  
t o  minimize t h e i r  e f f e c t s .  Exact p r e d i c t i o n s  a s  t o  
t h e  s e v e r i t y  o f  r e f l e c t i o n s  from p a r t i c u l a r  s t r u c -  
t u r e ( ~ )  a r e  n o t  p o s s i b l e  s i n c e  few r e f l e c t i n g  s u r -  
f a c e s  a r e  i d e a l  l o s s l e s s  f l a t - p l a t e  s u r f a c e s ,  and 
t h e  amount o f  r e f l e c t i o n  v a r i e s  from o b j e c t  t o  ob- 
j e c t .  Worst -case  e s t i m a t e s  can be  made, however, 
w i t h  t h e  a i d  o f  f i g u r e s  2-48a and b .  In so  do ing ,  
c o n s i d e r a t i o n  shou ld  a l s o  be  g iven  t o  secozd-bounce 
r e f l e c t i o n  p a t h s .  

(b )  T i l t i n g  o f  3 r e f l e c t i n g  f e n c e ,  o r  o t h e r  f l a t  , c f l e c -  
t o r s ,  c a r  bc  aq e f f e c t i v e  means of roducinq r S e  In -  
t e n s i t ;  f r e f l e c t e d  s i g n a l s ,  and,  t h e r e f o r e  of 
c l i m i ~ ) - ~ t ! r . g  f a l s e  beacon r e p l i e s .  
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( c )  A p p l i c a t i o n  o f  a  smoothly curved s u r f a c e  o v e r  a  
f l a t  r e f l e c t o r  r e s u l t s  i n  d i v e r g e n t  s c a t t e r i n g  and ,  
t h e r e f o r e ,  e l i m i n a t i o n  o f  f a l s e  beacon r e p l i e s .  

(d)  When s c r e e n i n g  o r  o t h e r  t e c h n i q u e s  a r e  n o t  p r a c t i c a l  
means o f  reduc ing  f a l s e  t a r g e t s ,  an a t t e m p t  shou ld  
be  made t o  l o c a t e  t h e  s i t e  i n  such  a  manner t h a t  t h e  
r e s u l t i n g  f a l s e  t a r g e t s  w i l l  f a l l  i n  t h e  l e a s t  c r i t -  
i c a l  coverage a r e a .  

h .  I n t e r f e r e n c e  Sources .  

The problems o f  mutual  i n t e r f e r e n c e  which might e x i s t  
between a n  ASR/ATCRBS f a c i l i t y  and v a r i o u s  o t h e r  t y p e s  
o f  e l e c t r o n i c  equipment o p e r a t i n g  i n  t h e  g e n e r a l  a r e a  
o f  t h e  proposed s i t e  s h o u l d  n o t  b e  over looked when con- 
s i d e r i n g  a  p a r t i c u l a r  s i t e  l o c a t i o n .  Data s h o u l d  be 
g a t h e r e d  r e g a r d i n g  t h e  l o c a t i o n  and t y p e s  o f  nearby  
r a d i a t i o n  s o u r c e s .  An e v a l u a t i o n  can t h e n  b e  made, i f  
c o n s i d e r e d  n e c e s s a r y  t o  de te rmine  t h e  e x t e n t  o f  i n t e r -  
f e r e n c e  p r e v a i l i n g .  Th is  may i n f l u e n c e  t h e  s e l e c t i o n  
o f  2 s i t e  l o c a t i o n .  

( 2 )  Commercial i n s t a l l a t i o n s  t h a t  may cause  i n t e r f e r e n c e  
i n c l u d e  t e l e v i s i o n  s t a t i o n s ,  fm b r o a d c a s t  s t a t i o n s ,  and 
microwave l i n k s .  The l a t t e r  a r e  f r e q u e n t l y  used by 
r a i l r o a d s ,  and by p i p e l i n e ,  power, and u t i l i t y  companies. 
A complete l i s t i n g  o f  a l l  commercial, a s  w e l l  a s  FAA 
i n s t a l l a t i o n s  and t h e i r  o p e r a t i n g  f r e q u e n c i e s ,  may be 
o b t a i n e d  from t h e  n e a r e s t  r e g i o n a l  o f f i c e  o f  t h e  Federa l  
Communications Commission (FCC). I n  a d d i t i o n  t o  t h e s e  
s o u r c e s ,  a rc -weld ing  equipment and improper ly  g r o m d e d  
o r  s h i e l d e d  i n d u s t r i a l  and /or  d ia thermy equipment oper -  
a t e d  by i n d u s t r i a l  concerns  o r  by l o c a l  medical  f a c i l -  
i t i e s  w i l l  f r e q u e n t l y  r a d i a t e  s u f f i c i e n t  r f  energy t o  
cause  o b j e c t i o n a b l e  i n t e r f e r e n c e .  

( 3 )  The prox imi ty  o f  t h e  ASR,/ATCRBS s i t e  t o  e l e c t r i c a l  
power i n s t a l l a t i o n s  o f  a11 t y p e s  shou ld  a l s o  be  i n v e s t i -  
g a t e d  a s  a  l i k e l y  source  o f  i n t e r f e r e n c e .  The p r e s e n c e  
o f  nearby power l i n e s ,  t e l t ? h o n e  and t e l e g r a p h  l i n e s ,  
e l e c t r i c  f e n c e s ,  e l e c t r i c  r a i l w a y s ,  and t h e  I i k e  may 
r e p r e s e n t  s o u r c e s  which conduct and r e r a d i a t e  r f  i n t e r -  
f e r e n c e  t h a t  has  been t r a n s m i t t e d  t o  t h e  l i n e s  from 3 

n o i s e  source  by d i r e c t  r a d i a t i o n ,  conduc t ion ,  o r  i n -  
d u c t i o n .  S t r o n g  i n t e r f e r e n c e  l e v e l s  may t h u s  bc  con- 
duc ted  o v e r  long d i s t a n c e s  by power o r  t e l e p h o n e  and 
t e l e g r a p h  l i n e s ,  which in t u r n  may r a d i a t c  throughout 
t h e i r  e n t i r e  l e n g t h .  For t h i s  r e a s o n ,  i s o l a t i o n ,  n o i s e  
s u p p r e s s i o n ,  o r  a t t e n u a t i o n  by means o f  n a t u r a l  o r  f a b -  
r i c a t e d  s h i e l d i n g  must be c o n s i d e r e d  where such condi-  
t i o n s  a r e  l i k e l y  t o  e x i s t .  



(4)  I n t e r f e r e n c e  due t o  meteoro logica l  d i s t rubances  may i n -  
c lude  heavy r a i n ,  snow storms, deep snow on t h e  ground, 
thunderstorms, e t c . .  From a s i t i n g  s t andpo in t ,  very  
l i t t l e  can be done about such sources  of  i n t e r f e r e n c e .  
However, information regard ing  weather cond i t i ons  a t  t h e  
s i t e  should be obta ined  s o  a s  t o  recognize t h e  condi- 
t i o n s  and l i m i t a t i o n s  imposed on ASR/ATCRBS opera t ion  
a t  a  s p e c i f i c  s i t e .  

i. ASR/ATCRBS Generated In t e r f e rence .  

(1) ASR and ATCRBS outputs  gene ra l ly  have some degree of 
harmonic and spur ious  s i g n a l  ou tput .  The FAA has agreed 
t o  t ake  s t e p s  t o  minimize t h e s e  unwanted p o r t i o n s  of t h e  
output ,  and a l s o  t o  cooperate  with microwave common ca r -  
r i e r  companies i n  an e f f o r t  t o  reduce i n t e r f e r e n c e  i n  
t h e  s i t i n g  o f  radar/beacon systems. I n t e r f e r e n c e  has 
been experienced i n  a  commercial microwave l i n k  t h a t  was 
t r a c e d  t o  an en-route  r ada r  70 mi les  away. The ASR/ 
ATCRBS should be s i t e d  a t  l e a s t  100 o f f  t h e  microwave 
pa th ,  and s h i e l d i n g  of  t h e  r ada r  o r  l i n k  us ing  e x i s t i n g  
o b s t r u c t i o n s  o r  obs t ac l e s  should be at tempted.  

The spur ious  output  from t h e  ASR/ATCRBS may cause i n t e r -  
f e r ence  t o  t e l e v i s i o n  r ecep t ion  i n  t h e  immediate v i c i n -  
i t y  of t h e  s i t e .  ~ l t h o u ~ h  a bu i l t -up  a r e a  i s  g e n e r a l l y  
an  e x c e l l e n t  s i t e  t o  break up lobing of t h e  ASR/ATCRBS 
r a d i a t i o n  p a t t e r n s ,  r e s i d e n t i a l  and o t h e r  a r eas  where 
t h e r e  a r e  l i k e l y  t o  be many t v  r e c e i v e r s  should be 
avoided i f  p o s s i b l e .  I f  r a d a r  s i t e s  a r e  e s t a b l i s h e d  
near  r e s i d e n t i a l  a r e a s ,  every cons ide ra t ion  and e f f o r t  
should be made t o  minimize i f  no t  e l imina te  i n t e r f e r e n c e  
t o  t h e  t v  r e c e i v e r s  i n  t h e  v i c i n i t y .  

SECTION 5 .  SITE REOUIREMENTS/LIMITATIONS 

INTRODUCTION. A b a s i c  p r e r e q u i s i t e  p r i o r  t o  cons idera t ion  of any 
p rope r ty  f o r  use a s  an ASR/ATCRBS s i t e  i s  t h a t  t h e  land i s  a v a i l a b l e  
and can be acqui red  through purchase o r  long-term l e a s e .  In  add i t i on ,  
t h e  land o r  p a r c e l  o f  p rope r ty  must be adequate t o  t h e  ex t en t  t h a t  t h e  
cons t ruc t ion ,  i n s t a l l a t i o n ,  and ope ra t iona l  requirements of t h e  ASR/ 
ATCRBS f a c i l i t y  can be met with reasonable cos t  and without  undue en- 
vironmental impact. 

ENVIRONMENTAL IMPACT ASSESSMENT. Any loca t ion  considered a s  a termi-  
n a l  r a d a r  s i t e  must r ece ive  2 c a r e f u l  assessment of t h e  o v e r a l l  en- 
vironmental impact which w i l l  be produced by establ ishment  and oper- 
a t i o n  of an ASR/ATCBI s i t e  a t  t h e  l o c a t i o n .  This  assessment i s  t o  be 
c a r r i e d  out  i n  accordance with FAA Order 1050.1A, Procedures f o r  Con- 
s i d e r i n g  Environmental Impacts of Proposed FAA Actions.  
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26. COMPONENTS OF AVERAGE FACILITY. -4 s i t e  would be considered adequate 
and reasonable i n  cos t  i f  t h e  cons t ruc t ion ,  i n s t a l l a t i o n ,  and l o g i s -  
t i c s  requirements approximate those of an average ASR/ATCRBS f a c i l i t y .  
The p r i n c i p a l  components of  an average f a c i l i t y  a r e :  

a .  A 120' x 120' p l o t  of land including a 6-foot  cha in- l ink  s e c u r i t y  
fence  surrounding t h e  proper ty  where considered necessary.  

b .  Easements t o  preclude cons t ruc t ion  o f  any s t r u c t ~ r e  which would 
p r o j e c t  above antenna platform l e v e l  o r  which would be b u i l t  of 
r e f l e c t i v e  m a t e r i a l s  wi th in  a  1,500-foot r ad ius  of t h e  s i t e  
proper ty .  

c .  An access  road not  more than 1/4 mi le  long.  

d. A s tandard  t r a n s m i t t e r / r e c e i v e r  bu i ld ing  inc luding  a i r  condi t ion-  
ing  and engine genera tor  u n i t s .  

e .  ASR/ATCRBS antenna on a  17-foot antenna tower. 

f .  A s tandard  t ransformer  s u b s t a t i o n .  

g.  U t i l i t y  l i n e s  (power, water ,  telephone) o r  i n s t a l l a t i o n s  no more 
than  1/4 mi le  long. 

h .  Cable i n s t a l l a t . i o n ,  with cable ,  between t h e  t r a n s m i t t e r / r e c e i v e r  
bu i ld ing  and TRACON bu i ld ing  of  about 6,000 f e e t  i n  length .  

27 .  LAND ACQUISITION. 

a .  The process  of  land a c q u i s i t i o n ,  e s p e c i a l l y  o f f - a i r p o r t  p roper ty ,  
must be accomplished by t h e  cognizant FAA o f f i c e s .  Once t h e  par-  
t i c u l a r  p a r c e l  of land has been s e l e c t e d  a s  an acceptab le  s i t e  
l o c a t i o n ,  a c t i o n  should be taken by these  o f f i c e s  t o g e t h e r  with 
members of t h e  s i t i n g  team t o :  

(1) Reaffirm t h a t  t h e  land i s  a v a i l a b l e  and t h a t  no municipal o r  
l o c a l  government r e s t r i c t i o n s ,  zoning laws, o r  o t h e r  l e g a l  
r e s t r i c t i o n s  e x i s t  on t h e  proper ty  t h a t  would p r o h i b i t  i t s  
use  a s  an ASR/ATCRBS s i t e .  

( 2 )  Provide o r  secure  competent l e g a l  r ep re sen ta t ion  wi th  r e spec t  
t o  t h e  l e g a l  a spec t s  of  proper ty  surveys ,  buying o r  leas ing  
of land, and easements f o r  access  roads and u t i l i t i e s .  

(3 )  Obtain permission f o r  r i g h t  of  e n t r y  t o  p r i v a t e  lands by 
survey personnel ,  and ar range  f o r  reasonable compensation t o  
proper ty  owners f o r  damage t o  proper ty  r e s u l t i n g  from survey 
: . ;~. : ra t ions.  
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( 4 )  Secure deed d e s c r i p t i o n s  and copies  of  f i l e d  p l ans  o r  maps 
covering t h e  proper ty  and i n i t i a t i n g  t i t l e  searches  t o  de t e r -  
mine t h e  v a l i d i t y  of t i t l e  o r  easements. 

(5 )  Provide o r  secure  t h e  s e r v i c e s  of personnel l i censed  t o  prac-  
t i c e  land surveys i n  t h e  t e r r i t o r y  of j u r i s d i c t i o n .  

( 6 )  Review environmental impact f a c t o r s .  

Throughout t h e  per iod  of s i t i n g  i n v e s t i g a t i c n s  and n e g o t i a t i o n s ,  
and u n t i l  such time a s  a  r e a l  e s t a t e  d i r e c t i v e  i s  i s sued  f o r  pro- 
curement of land,  a l l  n e g o t i a t i o n s  wi th  t h e  owner and/or  agent  
must be handled by t h e  proper  a u t h o r i t i e s  of FAA, and a l l  i n f o r -  
mation must remain c o n f i d e n t i a l  t o  prevent  t h e  p o s s i b l e  i nc rease  
of  proper ty  a c q u i s i t i o n  c o s t s .  

In  t h e  a c q u i s i t i o n  of land f o r  an ASR/ATCRBS f a c i l i t y  on a i r p o r t  
E o p e r t y ,  being 2 d e f i n i t e  b e n e f i t  t o  t h e  l o c z l  a i r p o r t ,  f u l l  
cooperat ion o f  t h e  l o c a l  a i r p o r t  and c i t y  o f f i c i a l s  can 'be ex- 
pec ted .  These o f f i c i a l s  w i l l  be r equ i r ed  t o  f u r n i s h  t h e  necessary 
land f o r  t h e  t r a n s m i t t e r / r e c e i v e r  bu i ld ing ,  tower,  c a b l e  runs ,  and 
access  roads when loca t ed  on t h e  a i r p o r t  and t o  make a v a i l a b l e  a l l  
e x i s t i n g  power f a c i l i t i e s  and duc t s  which a r e  adaptable  t o  t h e  
system. Permission t o  i n s t a l l ,  ope ra t e ,  and maintain equipment 
w i th in  t h e  boundaries  of t h e  a i r p o r t  i s  t o  be obtained through t h e  
use  of  l i c e n s e  Form FAA-1334. 

28. ACCESS ROAD. I f  an ASR/ATCRBS s i t e  i s  t o  be loca t ed  on a i r p o r t  prop- 
e r t y ,  t h e  access  roads i n  use a r e  u s u a l l y  adequate .  However, it may 
be expected t h a t  t h e  ASR/ATCRBS f a c i l i t y  w i l l  be  l oca t ed  a t  a  s i t e  
remote from e x i s t i n g  roadways. Where e x i s t i n g  roads provide  a l l  o r  
p a r t  o f  t h e  access  necessary  t o  t h e  proposed s i t e ,  a  survey should be 
made t o  determine t h e i r  adequacy f o r  t h e  v e h i c u l a r  t r a f f i c  expected 
t o  u t i l i z e  such roadways. Some of  t h e  important  f a c t o r s  t o  be  con- 
s i d e r e d  i n  t h e  eva lua t ion  o f  e x i s t i n g  access  roads a r e  (a )  maximum 
load l i m i t  o f  roads,  b r idges ,  c u l v e r t s ,  e t c . ,  (b) maximum c learance  
he igh t  o f  underpasses ,  (c)  maximum grade,  road ,  and shoulder  width and 
minimum t u r n  r ad ius  of  road,  (d) road surfaces--weather  and seasonal  
cons ide ra t ions ,  (e)  volume and c l a s s  of  t r a f f i c  handled, and ( f )  ade- 
quacy of  and r e s p o n s i b i l i t y  f o r  road maintenance ( inc lud ing  snow r e -  
moval). Useful d a t a  o f  t h i s  type  can o f t e n  be obta ined  by con tac t ing  
s t a t e ,  county, o r  l o c a l  highway department o f f i c i a l s  o r ,  i n  t h e  case  
of  a i r p o r t  roads,  cognizant a i r p o r t  o f f i c i a l s .  

29. ROAD CONSTRUCTION. 

a .  When t h e  cons t ruc t ion  of a  new access  road i s  r equ i r ed ,  a  s tudy  o f  
t h e  cons t ruc t ion  cos t ,  annual maintenance, t r a f f i c  handl ing capac- 
i t y ,  and t h e  sa lvage  va lue  a t  t ime of  replacement must be  consid-  
e r ed  i n  determining t h e  r e l a t i v e  economic mer i t  o f  d i f f e r e n t  su r -  
f a c e s  f o r  a  given geographic a r e a .  I t  should be remembered t h a t  
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no FAA improvements can be made t o  roads  on which t h e  FM does 
n o t  have a  l e a s e ,  easement, o r  s i m i l a r  l e g a l  arrangement.  Some 
of  t h e  important f a c t o r s  t o  be cons idered  when new c o n s t r u c t i c n  
i s  r equ i r ed  a r e  a s  fol lows:  

(1) The l eng th  o f  road r equ i r ed  from t h e  p o i n t  o f  e n t r y  t o  t h e  
s i t e .  

( 2 )  The c l i m a t i c  and geo log ica l  v a r i a b l e s  having an e f f e c t  on 
snow depth,  r a i n ,  f r o s t  heavings,  load  bea r ing  capac i ty ,  and 
sub-grade s o i l .  

(3 )  The requirements f o r  grad ing  and f i l l i n g .  

(4 )  Need f o r  t h e  cons t ruc t ion  of  b r idges ,  c u l v e r t s ,  e t c .  

(5) A v a i l a b i l i t y  o f  l abo r  and m a t e r i a l s  l o c a l l y .  

b .  The d e t a i l e d  design s t anda rd  f o r  new road cons t ruc t ion  w i l l  vary 
because of t h e  d i v e r s i t y  of  a v a i l a b l e  m a t e r i a l s ,  and va r ious  
c l ima te s  and geographic l o c a t i o n s .  In  t h e  r econs t ruc t ion  of  ex- 
i s t i n g  roads i t  is o f t e n  economical and advantageous t o  u t i l i z e  
t h e  e x i s t i n g  roadbed a s  a  base f o r  t h e  new cons t ruc t ion .  In  t h i s  
manner, advantage can be  taken not  on ly  o f  t h e  o l d  paving mate- 
r i a l s ,  bu t  a l s o  o f  t h e  compaction a f forded  by previous  t r a f f i c  
loadings .  

30. CLEARING/GRADING/LANDSCAPING. The need f o r  c l e a r i n g ,  grad ing ,  and/or  
landscaping of t h e  s i t e  proper ty  r e p r e s e n t s  an a d d i t i o n a l  c o s t  above - - 
t hose  nominally required-  f o r  an- average s i t e  f a c i l i t y  . Clea r ing  c o s t s  
would inc lude  t h e  cos t  o f  such items a s  t h e  removal of  t r e e s ,  shrub- 
bery ,  rocks ,  d e b r i s ,  e t c .  Grading may sometimes be necessary  t o  i m -  
prove dra inage  on o r  about t h e  s i t e ,  o r  t o  provide  sc reen ing  i n  a  
p a r t i c u l a r  azimuth s e c t o r .  The prevent ion  o f  s o i l  e r o s i o n  about t h e  
s i t e ,  e s t h e t i c s  from a p u b l i c  r e l a t i o n s  viewpoint ,  r educ t ion  of r e -  
f l e c t i o n  from t h e  surrounding s e c u r i t y  fences ,  e t c . ,  a l l  add f a c t o r s  
t h a t  could r e q u i r e  s p e c i a l  landscaping of t h e  s i t e .  This  landscaping 
should be i n  t h e  form of sodding, p l a n t i n g  of  shrubbery,  t r e e s ,  e t c .  

31. SITE SECURITY. Considerat ion must be given t o  t h e  a c t i o n  necessary  
t o  prevent  i n t r u s i o n ,  and t o  p r o t e c t  t h e  ASR/ATCRBS i n s t a l l a t i o n  from 
vandalism o r  o t h e r  damage. ~ b r  t he  ~ o s t  p a r t ,  a  6-foot  cha in - l i nk  
s e c u r i t y  fence i s  adequate f o r  t h e s e  purposes.  In  gene ra l ,  a l l  o f f -  
a i r p o r t  s i t e s  w i l l  r e q u i r e  a  fence.  

32. UTILITIES. 

a .  The p r i n c i p a l  u t i l i t y  requirement f o r  an ASR/ATCRBS s i t e  i s  t h e  
need f o r  30, 120/208 v o l t  e l e c t r i c a l  power. Two independent 
sources of such power a r e  r equ i r ed  t o  minimize t h e  l o s s  of ASR/ 
ATCRBS ope ra t ion  due t o  power f a i l u r e .  The primary source  of  
e l e c t r i c a l  power s h a l l  be from commercially a v a i l a b l e  power wi th in  
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t h e  v i c i n i t y  of  t h e  s i t e .  Hence, s i t e s  n e a r e s t  such power l i n e s  
and/or  d i s t r i b u t i o n  p o i n t s  a r e  p r e f e r r e d ;  a l l  o t h e r  f a c t o r s  being 
equal .  The power s h a l l  be  de l ive red  d i r e c t l y  t o  t h e  s i t e  o r  v i a  
a t ransformer  s u b s t a t i o n  i n s t a l l e d  ad jacen t  t o  t h e  engine gener- 
a t o r  room o r  van. The secondary source o r  standby power s h a l l  be 
provided by a 62.5 kVA o r  l a r g e r  government-furnished engine gen- 
e r a t o r  a t  t h e  ASR s i t e .  

b .  Water and s a n i t a t i o n  a t  an ASR/ATCRBS s i t e  may only  be r equ i r ed  
when t h e  s i t e  i s  t o  be  manned on a f u l l - t i m e  b a s i s .  In  such 
cases ,  means f o r  provid ing  t h e s e  conveniences need no t  r e l y  on 
municipal ,  s t a t e ,  o r  county f a c i l i t i e s ,  a l though t h e s e  a r e  pre-  
f e r r e d  i f  r e a d i l y  ava i l ab l e .  Chemical t o i l e t s ,  a long wi th  we l l s  
f o r  water ,  a r e  acceptab le  a l t e r n a t i v e s .  Before d r i l l i n g  we l l s ,  
however, con tac t  with l o c a l  a u t h o r i t i e s  should be made t o  e s t ab -  
l i s h  t h e  l e g a l i t y  and s a f e t y  o f  we l l s  a s  a water  source i n  t h e  
a r e a .  ASR/ATCRBS f a c i l i t i e s  on a i r p o r t  p rope r ty  do not  r e q u i r e  
water  and s a n i t a t i o n  as  they  a r e  not  manned on a f u l l - t i m e  b a s i s  
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CHAPTER 3 .  SITING PROCEDURES 

SECTION 1. INTRODUCTION 

33.  INTRODUCTION. 

a .  The procedures  recommended f o r  s i t i n g  terminal  ASR/ATCBI systems 
a r e  o u t l i n e d  i n  t h i s  chapter  i n  terms o f  t h e  fol lowing major t a s k s .  

(1) Prel iminary da t a  a c q u i s i t i o n .  

(2) Prel iminary s i t e  s e l e c t i o n .  

( 3 )  S i t e  survey. 

(4)  S i t e  a n a l y s i s .  

(5) Prepara t ion  of s i t i n g  r e p o r t .  

(6)  F ina l  s i t e  s e l e c t i o n .  

b .  The s p e c i f i c  work a c t i v i t i e s  a s soc i a t ed  with each of t h e s e  major 
t a s k s  a r e  descr ibed  i n  t h e  fol lowing s e c t i o n s  along wi th  a  de- 
t a i l e d  d e s c r i p t i o n  of t h e  procedures  recommended f o r  c a r r y i n g  out  
t h e s e  s p e c i f i c  a c t i v i t i e s .  For purposes of  planning and schedul-  
i ng  o f  t h e s e  s i t i n g  t a s k s ,  a  t y p i c a l  s i t i n g  management p lan  i s  
shown i n  f i g u r e  3-1. 

SECTION 2. PRELIMINARY DATA ACQUISITION 

34. GENERAL. 

a .  

b .  
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Following t h e  r e c e i p t  of an assignment t o  e s t a b l i s h  an ASR/ATCBI 
s i t e  f o r  a  given terminal  a r e a ,  t h e  f i r s t  t a s k  w i l l  be  t o  acqu i r e  
s p e c i f i c  working d a t a  and information regard ing  t h e  ope ra t ions ,  
coverage requirements ,  and c o n s t r a i n t s  a s s o c i a t e d  wi th  t h e  a i r  
t e rmina l  of  i n t e r e s t .  These d a t a ,  which w i l l  be  used throughout 
t h e  var ious  work phases of  t h e  s i t i n g  e f f o r t ,  should inc lude  a s  a  
minimum: 

(1) Airspace coverage requirements .  

(2) Applicable  maps and c h a r t s .  

(3)  Local c l ima to log ica l  d a t a .  

In  a d d i t i o n ,  t h e  fol lowing documents a r e  considered p a r t  o f  t h e  
r equ i r ed  da t a  base f o r  s i t i n g  ope ra t ions  and should be a v a i l a b l e  
f o r  re ference  a s  needed. 

(1) F l i g h t  Inspec t ion  Manual, FAA Handbook 
OAP 8200.1, Sept .  1968, a s  amended t o  d a t e .  
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(2) Federal Aviation Regulat ions,  Vol. XI, 
FM, Oct. 1969, a s  amended t o  d a t e .  

(3) Airpor t  Design Standards,  S i t e  Requirements 
f o r  Terminal Navigation F a c i l i t i e s ,  FAA, 
AC 150/5300-2B, Nov. 2 2 ,  1971. 

35. AIRSPACE COVERAGE REQUIREMENTS. 

a .  S p e c i f i c  ASR/ATCBI coverage requirements  f o r  t h e  te rmina l  a r e a  t o  
be servsd  a r e  obtained from t h e  cognizant  Regional A i r  T r a f f i c  
Divis ion (ATD) and should inc lude  a s  a  minimum: 

(1) Data t h a t  de f ines  a  volume a f  a i r s p a c e  about t h e  te rmina l  o r  
t e rmina l s  ( inc luding  s a t e l l i t e  a i r p o r t s )  t o  be covered. 
General ly ,  t h i s  w i l l  be def ined  i n d i r e c t l y  by s p e c i f y i n g  t n e  
loca t ion  of naviga t iona l  f i x e s  w i th in  t h e  te rmina l  a i r s p a c e  
with p r i o r i t i e s  assigned t o  each according t o  primary and 
secondary requirements .  

(2) The s tandard  approach and depar ture  f l i g h t  pa ths  c l a s s i f i e d  
according t o  t h e  primary and secondary rou te s  f o r  a i r c r a f t  
e n t e r i n g  o r  leaving t h e  given a i r space .  In a d d i t i o n ,  con- 
t ingency v a r i a t i o n s  o r  changes i n  t h e s e  f l i g h t  pa ths  should 
be i d e n t i f i e d  and s p e c i f i e d .  

(3)  Data t h a t  i d e n t i f i e s  t h e  number and type of  a i r c r a f t  t h a t  
w i l l  use  t h e  def ined  a i r s p a c e  and t h e  present  and expected 
l e v e l  of a i r c r a f t  a c t i v i t y .  

( 4 )  The s p e c i f i c a t i o n  of  a i r c r a f t  ground speed over  t h e  va r ious  
a i r - r o u t e s  and unusual maneuvers t h a t  can be expected wi th in  
t h e  given a i r s p a c e .  

(5) S a t e l l i t e  a i r p o r t ( s )  coverage requirements .  

b .  All  da t a  concerning coverage requirements f o r  t h e  te rmina l  a r ea  
of i n t e r e s t  s h a l l  be approved and s igned by t h e  proper  ATD per -  
sonnel .  Usually,  t h i s  w i l l  be t h e  ch i e f  of  t h e  r eg iona l  A i r  
T r a f f i c  Division o r  h i s  designated r e p r e s e n t a t i v e .  In  a d d i t i o n ,  
i t  i s  recommended t h a t  f u l l  acknowledgement and concurrence with 
t h e s e  coverage requirements be obta ined  by ATD from t h e  fol lowing 
reg ional  o f f i c e r s :  

( 1 )  Chief,  Airway F a c i l i t i e s  Divis ion.  

( 2 )  Chief ,  F l igh t  Standards Divis ion.  
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c .  When reques t ing  t h e  above da t a  from ATD, i t  is  adv i sab le  t h a t  ATD 
and/or  o t h e r  cognizant agencies/representatives be  advised a s  t o  
fundamental ASR/ATCBI coverage l i m i t a t i o n s ,  p a r t i c u l a r y  wi th  r e -  
spec t  t o  ASR range c a p a b i l i t i e s  f o r  c e r t a i n  a i r c r a f t  ( e .  g . ,  T-33) 
and t h e  p r e f e r r e d  minimum 0.2s0 screen  angle.  

36. MAPS AND CHARTS. Once t h e  geographical  a r ea  t o  be considered has 
been e s t a b l i s h e d ,  app l i cab le  maps and/or  c h a r t s  should be  obta ined  
f o r  subsequent s i t i n g  s t u d i e s .  Although a l l  sources o f  p e r t i n e n t  
maps should be i n v e s t i g a t e d ,  t h e  fol lowing is  considered t h e  minimum 
working s e t :  (a)  cu r r en t  7%-minute and 15-minute a p p l i c a b l e  U.S. 
Geological Survey Quadrangle maps, (b) l a t e s t  a i r p o r t  master  p lan ,  
(c)  moca c h a r t  of te rmina l  a r e a ( s ) ,  (d) ae ronau t i ca l  c h a r t s ,  and 
(e)  municipal,  county, and s t a t e  maps showing c u r r e n t  and/or marked 
f o r  f u t u r e  highway, housing, bus iness ,  and i n d u s t r i a l  developments 
w i th in  t h e  te rmina l  o r  p rospec t ive  s i t e  v i c i n i t y .  

a .  

b .  

C .  
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U.S. Geoloeical Survev Ma~s. 

(1) Quadrangle maps represent i .ng approximately 50 percent  of  t h e  
country a r e  a v a i l a b l e  from t h e  United S t a t e s  Geological  Sur- 
vey Off ice ,  Washington, D . C .  Local commercial map agencies  
a l s o  f r equen t ly  market t h e s e  quadrangle maps f o r  t h e i r  par -  
t i c u l a r  l oca l e .  Where such maps a r e  employed, t h e  d a t e  of  
survey should be noted,  s i n c e  o l d e r  maps may lack  c e r t a i n  
d e t a i l s  of  importance. 

(2) For c e r t a i n  a r e a s ,  t h e  Corps o f  Engineers had made maps o f  
s u i t a b l e  topographic d e t a i l  s i m i l a r  t o  t h e  U.S. Geological 
Survey Quadrangle maps. Liaison wi th  t h e  app ropr i a t e  region-  
a l  o f f i c e  o f  t h e  U.S. A i r  Force i n s t a l l a t i o n s  r e p r e s e n t a t i v e  
o r  t h e  d i s t r i c t  engineer ,  Corps of  Engineers,  may produce 
a d d i t i o n a l  maps based upon more r ecen t  surveys.  

Ai rpor t  Master Plan.  The l a t e s t  a i r p o r t  master p lan  f o r  each of 
t h e  a i r p o r t s  t h a t  a r e  under cons idera t ion  f o r  l o c a t i n g  an ASR/ 
ATCBI s i t e  can be obtained from t h e  r e spons ib l e  a i r p o r t  managers, 
o r  t h e  Ai rpo r t s  Divis ion of  t h e  FAA r eg iona l  o f f i c e .  Upon r e c e i p t  
of a  master p lan  it i s  advisable  t o  con tac t  t h e  a i r p o r t  manager 
and Ai rpo r t s  Divis ion personnel  t o  review i t s  accuracy by loca t ing  
and i d e n t i f y i n g  a l l  i n s t a l l a t i o n s ,  f a c i l i t i e s ,  underground con- 
s t r u c t i o n ,  o r  o t h e r  developments not  g raph ica l ly  i n d i c a t e d ,  and 
annota te  t h e  p lan  accordingly.  In  add i t i on ,  known f u t u r e  a i r p o r t  
expansion, i n s t a l l a t i o n s ,  and/or  developments should be i d e n t i f i e d ,  
confirmed by Ai rpo r t s  Divis ion,  and s o  noted d i r e c t l y  on the  p lan .  

Minimum Obstruct ion Clearance A l t i t u d e  (MOCA) Char t s .  MOCA c h a r t s  
f o r  t h e  te rmina l  a i r space  of i n t e r e s t  can be obta ined  from t h e  
r eg iona l  A i r  T r a f f i c  Divis ion Chief .  These c h a r t s  should be r e -  
viewed with cognizant r e p r e s e n t a t i v e s  t o  i d e n t i f y  e x i s t i n g  depar- 
t u r e s  from cu r ren t  FAR, p a r t  77, f o r  c i v i l  a i r p o r t s  and t h e  t e r -  
minal a i r s p a c e .  Also, a  review of p e t i t i o n s  f o r  waivers  on f i l e  
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with ATD f o r  f u t u r e  cons t ruc t ion  should be made t o  no te  how such 
obs t ruc t ions  w i l l  a l t e r  t h e  navigable  a i r s p a c e  wi th in  t h e  te rmina l  
a r e a ,  i f  approved. 

Aeronaut ical  Char t s .  S e c t i o n a l ,  l o c a l ,  and te rmina l  a r e a  aero-  
n a u t i c a l  c h a r t s  ( a s  a v a i l a b l e )  should be secured f o r  t h e  v i c i n i t y  
of  t h e  proposed r ada r  s i t e .  In  a d d i t i o n ,  app ropr i a t e  instrument  
approach procedure and s tandard  instrument  depar ture  ( s i d )  c h a r t s  
should be obtained f o r  t h e  te rmina l  a r e a .  These c h a r t s  may be 
obta ined  from: Di s t r ibu t ion  Divis ion,  C-44, National Ocean Survey, 
Washington, D . C .  20235. The designated c h a r t s  provide inva luab le  
information f o r  establ ishment  of r ada r  coverage requirements  and 
c a p a b i l i t i e s .  

Municipal,  County, and S t a t e  Maps. Municipal, county, and s t a t e  
maps may be obtained from t h e  c i v i l  o f f i c e s  of  t h e  r e spec t ive  
divi ' s ions o f  l o c a l  and s t a t e  governments. These maps should 
d e s c r i b e  o r  be marked t o  i n d i c a t e  p re sen t  o r  f u t u r e  v e h i c u l a r  
t r a f f i c  (highways, r a i l r o a d s ,  e t c . )  o f  s i g n i f i c a n c e ,  o r  i n d u s t r i a l  
a r e a s  t h a t  may g ive  r i s e  t o  a  co r ros ive  atmosphere o r  r f i  
environment. 

Supplemental Maps/Charts/Photographs. Many o t h e r  maps which may 
provide e s s e n t i a l  p r e - s i t i n g  information a r e  a v a i l a b l e  through t h e  
Superintendent  of  bocuments; Government P r i n t i n g  Of f i ce .  ~ h e s e  
maps a r e  l i s t e d  i n  GPO p r i c e  l i s t  PL-53 (Maps, Surveying, Engi- 
nee r ing ) .  Aer i a l  photographs of t h e  genera l  a r e a  f o r  s i t e  loca-  
t i o n s  a r e  a l s o  sometimes use fu l  f o r  t h e  l o c a t i o n  and genera l  eva l -  
ua t ion  of vacant  land wi th in  an urban a r e a .  These photos can o f t en  
be obta ined  from l o c a l  commercial e n t e r p r i s e s  o r  t h e  U.S. Geologi- 
c a l  Survey. 

Local Climatological  Data. Seasonal weather,  c l ima to log ica l ,  and 
se i smic  da t a  of p o s s i b l e  s i g n i f i c a n c e  t o  s i t i n g  may be obta ined  
f o r  t h e  l o c a l i t y - o f  t h e  proposed ASR/ATCBI i n s t a l l a t i o n .  These 
d a t a  a r e  publ ished a s  Annual Climatological  Summaries by t h e  
National Weather Serv ice  (NWS) f o r  each l o c a l e  i n  which a  weather 
s t a t i o n  i s  maintained. The annual summary may be obta ined  from 
t h e  l o c a l  NWS o f f i c e ,  o r  from t h e  National  Climatic  Center ,  Fed- 
e r a l  Building,  Ashevi l le ,  North Caro l ina  28801. The Local Weather 
Serv ice  o r  Environmental P ro t ec t ion  Agency o f f i c e s  may, i n  some 
a r e a s ,  a l s o  be a b l e  t o  provide records  regard ing  t h e  occurrence 
and a l t i t u d e  of temperature i nve r s ions  i n  t h e  a r ea .  This  i n f o r -  
mation may be s i g n i f i c a n t  i n  determining t h e  se r iousness  and f r e -  
quency of  r ada r  coverage changes caused by anomalous propagat ion 
e f f e c t s .  

Standard FAA Drawings. 

(1) Typical s i t e  drawing ( e .g .  D-5409-1 f o r  ASR-4B, 5 ,  and 6; 
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( 2 )  Access Roadway s p e c i f i c a t i o n  drawing (D-5980). 

(3) 4/3 Earth Radius Coverage Chart ( e . g . ,  D-50979-2, 3 ,  4,  
and 8 ) .  

SECTION 3. PRELIMINARY SITE SELECTION 

INTRODUCTION. The pre l iminary  s e l e c t i o n  of  candida te  s i t e  l oca t ions  
i s  e s s e n t i a l l y  a  r e a l  e s t a t e  e l imina t ion  process  t h a t  t akes  i n t o  ac- 
count a s  many of t h e  f a c t o r s  descr ibed i n  chapter  2 a s  is  p r a c t i c a l  
without t h e  b e n e f i t  o f  p r e c i s e  survey d a t a .  The o b j e c t i v e  of t h i s  
process  i s  t o  converge t o  a  s e l e c t i o n  of  about two t o  t h r e e  p o t e n t i a l  
s i t e  l oca t ions  t h a t  r ep re sen t  t h e  bes t  o f  a l l  f a c t o r s  cons idered .  The 
fol lowing paragraphs de f ine  t h e  approach and procedures f o r  s e l e c t i n g  
candida te  s i t e  l o c a t i o n s .  Many of  t h e s e  procedures make use o f  maps 
of  t h e  types  descr ibed  above. These a r e  hencefor th  assumed t o  be on 
hand. 

38.  DETERMINE SITING AREA BOUNDARIES. 

a .  Area Boundaries. The boundaries  of t h e  general  a r e a  i n  which a  
s i t e  may be loca t ed  s h a l l  be determined on t h e  b a s i s  of t he  d i s -  
t r i b u t i o n  of  f i x e s  and a i r  rou te s  wi th in  t h e  te rmina l  a i r space ,  
t oge the r  wi th  t h e  range,  a l t i t u d e  cable  d i s t a n c e ,  and "cone of 
s i l ence"  coverage l i m i t a t i o n s  of  t h e  ASR/ATCBI system. (The 
ATCBI cone-of-s i lence range and a l t i t u d e  coverage i s  no t  con- 
s i d e r e d  t o  be t h e  l i m i t i n g  f a c t o r  i n  t h i s  i n v e s t i g a t i o n . )  

b .  Coverage Requirements. An a l t e r n a t i v e  d e f i n i t i o n  of  coverage 
requirements i n  terms of a  volume of  a i r s p a c e  about t h e  te rmina l  
w i l l  r e q u i r e  t h e  s p e c i f i c a t i o n  of  c r i t i c a l  coverage p o i n t s  which 
a r e  equiva len t  t o  nav iga t iona l  f i x e s .  The s e l e c t i o n  of t h e s e  
c r i t i c a l  coverage p o i n t s  must be  made i n  such a  way t h a t  coverage 
of  them w i l l  i n s u r e  coverage o f  t h e  requi red  volume of a i r s p a c e .  
Once t h e s e  c r i t i c a l  coverage p o i n t s  have been s p e c i f i e d ,  t h e  s i t e  
a n a l y s i s  proceeds a s  i f  they  were nav iga t iona l  f i x e s .  

(1) Range Coverage Limi ta t ions .  

(a)  The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  i s  t o  determine t h e  
permiss ib le  land a r e a  beneath t h e  te rmina l  a i r s p a c e  
wi th in  which an ASR can be loca t ed  and s t i l l  meet t h e  
range coverage l i m i t a t i o n s  imposed by s p e c i f i c  a i r c r a f t  
when loca t ed  a t  each of t h e  nav iga t iona l  f i x e s  about t h e  
given a i r s p a c e .  This  i n v e s t i g a t i o n  i s  of  p a r t i c u l a r  
va lue  and e s p e c i a l l y  recommended where nav iga t iona l  
f i x e s  a r e  d i s t r i b u t e d  over a  wide volume o f  a i r s p a c e  
(approximately 20-40 nmi from t h e  radar  s i t e )  and t h e  
de t ec t ion  of  small  a i r c r a f t  ( e . g . ,  Cessna 180, P iper  
Comanche) i s  a requirement . 
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(b) An o u t l i n e  of t h e  procedures  recommended f o r  conducting 
t h i s  i n v e s t i g a t i o n  i s  given below and inc ludes  an i l l u s -  
t r a t i v e  example. For purposes o f  t h i s  a n a l y s i s ,  it i s  
s u f f i c i e n t  t o  assume s l a n t  range and ground range t o  a l l  
f i x e s  a s  being i d e n t i c a l .  

1. Locate and i d e n t i f y  a l l  given nav iga t iona l  f i x e s  on - 
an appropr i a t e ly  s i z e d  quadrangle map. One degree 
o r  1:250,000 survey maps a r e  recommended f o r  t h i s  
purpose, a l though s e c t i o n a l  ae ronau t i ca l  maps sca l ed  
t o  1:500,000 a r e  adequate .  Where f i x e s  a r e  spec i -  
f i e d  r e l a t i v e  t o  VORTAC o r  VOR i n s t a l l a t i o n s ,  i t  i s  
suggested t h a t  each such s t a t i o n  be loca t ed  by tri- 
angula t ion ,  t ak ing  measurements from t h e  aeronaut i -  
c a l  c h a r t s  and t r a n s f e r r i n g  them t o  t h e  quadrangle 
map. 

2. Using t h e  l o c a t i o n s  o f  each f i x  a s  c e n t e r s ,  draw - 
c i r c l e s  whose r a d i i  correspond t o  t h e  maximum de- 
t e c t i o n  range of  t h e  ASR f o r  t h e  sma l l e s t  t a r g e t  
s i z e  of  i n t e r e s t .  To o b t a i n  t h e s e  maximum ranges ,  
r e f e r  t o  t h e  ASR v e r t i c a l  coverage c h a r t s  ( f o r  a  
nominal +2.50 t ilt  angle)  and a i r c r a f t  c ros s -  
s e c t i o n s  given i n  chapter  2 .  A s  a  f i r s t  approxi-  
mation, t h e  maximum de tec t ion  range s e l e c t e d  from 
t h e s e  coverage c h a r t s  should r ep re sen t  t h a t  range 
ob ta inab le  on t h e  "nose" of t h e  ASR coverage p a t t e r n .  
A technique f o r  accounting f o r  d e t e c t a b l e  range v a r i -  
a t i o n s  a s  a  func t ion  of f i x  a l t i t u d e  i s  d iscussed  
subsequent ly . 

3 .  I d e n t i f y  and mark t h e  a rea  common t o  a l l  c i r c l e s .  - 
This  a r e a  i d e n t i f i e s  t h e  pe rmis s ib l e  l o c a t i o n s  f o r  
ASR s i t e s  which s a t i s f y  t h e  t h e o r e t i c a l  range cov- 
e rage  l i m i t a t i o n s  of t h e  given a i r c r a f t  a t  each 
naviga t iona l  f i x .  The b e s t  ASR s i t e  l oca t ions  would 
be a t  t h e  cen t ro id  of  t h i s  a r e a ,  a l l  o t h e r  f a c t o r s  
be ing equal .  

(c) To i l l u s t r a t e  t h e  above o u t l i n e d  procedures ,  consider  
t h e  d i s t r i b u t i o n  of  nav iga t iona l  f i x e s  marked 1 ,  2 . . . 6  
a s  shown i n  f i g u r e  3-2. The g r i d  r e f e rence  po in t  shown 
i s  a r b i t r a r y  and i s  shown centered  somewhere near  o r  a t  
t h e  a i r p o r t .  I f  we assume a  55 mi  range c a p a b i l i t y  f o r  
t h e  ASR ( t y p i c a l  of coverage on "nose" of ASR-4B, 5 ,  
and 6  f o r  small  a i r c r a f t  of t h e  T-33  c l a s s ) ,  t h e  allow- 
a b l e  a r e a  f o r  s i t e  l oca t ions  can be determined by draw- 
ing  55 nmi c i r c l e s  centered about each of t h e  f i x e s .  
The al lowable s i t i n g  a re3  i s  t h a t  region common t o  a l l  
c i r c l e s  drawn about t h e  f i x e s .  The boundary of t h i s  
a r ea  i s  shown as darkened a r c  lengths  i n  t h e  cen te r  of 

Page 188 
Chap 3 
Par 38 



FIGURE 3-2. DETERMINATION OF SITING LAND AREA AS A 
FUNCTION OF ASWBEACON RANGE COVERAGE 
AND FIX DISTRIBUTION 
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t h e  f i g u r e .  The number shown a l o n g s i d e  each a r c  segment 
i d e n t i f i e s  t h e  f i x  t h a t  e s t a b l i s h e s  t h a t  segment of the  
boundary .  

( 2 )  A l t i t u d e  Coverage L i m i t a t i o n s .  

( a )  The land a r e a  d e f i n e d  i n  the  above a n a l y s i s  is  based  on 
t h e  assumpt ion t h a t  a l l  f i x e s  a r e  i l l u m i n a t e d  by the  beam 
c e n t e r  o r  nose of t h e  ASR v e r t i c a l  r a d i a t i o n  p a t t e r n .  The 
purpose  of t h i s  i n v e s t i g a t i o n  is  t o  r e f i n e  t h e  b o u n d a r i e s  
of t h i s  g e n e r a l  l a n d  a r e a  by t a k i n g  i n t o  accoun t  t h e  f a c t  
t h a t  a l l  f i x e s  are not  i l l u m i n a t e d  by  t h e  nose of t h e  
r a d i a t i o n  p a t  t e r n .  

(b) The t e c h n i q u e s  f o r  c a r r y i n g  ou t  t h i s  i n v e s t i g a t i o n  a r e  
e s s e n t i a l l y  an e x t e n s i o n  of t h o s e  o u t l i n e d  i n  a  above.  The 
p r i n c i p a l  d i f f e r e n c e  b e i n g  t h a t  the  r a d i i  of t h e  c i r c l e s  
drawn from each f i x  a r e  reduced i n  d i r e c t  p r o p o r t i o n  t o  
t h e  r e d u c t i o n  i n  range coverage t h a t  o c c u r s  a t  a l t i t u d e s  
above o r  below t h e  nose of t h e  ASR v e r t i c a l  r a d i a t i o n  
p a t t e r n .  To de te rmine  t h e s e  range r e d u c t i o n s ,  i t  i s  con- 
v e n i e n t  t o  assume t h a t  t h e  f  o l l o w i n p  c o n d i t i o n s  p r e v a i l .  

1. The b a s e  o f  t h e  a n t e n n a  tower i s  l o c a t e d  a t  a  ms l  e l e v a -  - 
t i o n  c o r r e s p o n d i n g  t o  t h e  AVERAGE MSL ELEVATION o f  t h e  
ground s u r f a c e  o f  t h e  land a r e a  d e f i n e d  i n  ( a )  above.  

2 .  The e f f e c t i v e  h e i g h t  o f  t h e  a n t e n n a  phase  c e n t e r  i f  25 - 
f e e t  above t h e  a n t e n n a  b a s e  (27 f e e t  f o r  ASR-5E,  6 E ,  7E, 
and 8 ) .  Th i s  h e i g h t  may b e  r a i s e d  by  1 0 - f o o t  inc rements  * 
i f  n e c e s s a r y  t o  p r o v i d e  10s v i s i b i l i t y  o v e r  t h e  s u r r o u n d i n g  
t e r r a i n .  

3.  The v e r t i c a l  coverage  p a t t e r n  o f  i n t e r e s t  i n  t h e  f r e e -  - 
s p a c e  p a t t e r n  o b t a i n e d  f o r  a +2.5O t i l t  a n g l e  r e f e r e n c e d  
t o  t h e  nose  o f  t h e  beam which cor responds  t o  a p p r o x i m a t e l y  
0.50 r e f e r e n c e d  t o  t h e  lower 3 dB p o i n t .  * 

4. O p t i c a l  and r a d a r  range and 10s a r e  assumed e q u i v a l e n t .  - 
5. Lobing,  c l u t t e r ,  a n d / o r  o t h e r  o p e r a t i o n a l  l i m i t a t i o n s  - 

brough t  abou t  by s u r f a c e  r e f l e c t i o n s  o r  s c r e e n i n g  may be  
n e g l e c t e d  i n  t h i s  p r e l i m i n a r y  i n v e s t i g a t i o n .  

( c )  The f o l l o w i n g  p rocedures  shou ld  t h e n  be  fo l lowed:  
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1. From t o p o g r a p h i c a l  maps, d e t e r m i n e  t h e  a v e r a g e  msl  e l e v a -  - 
t i o n  o f  t h e  t e r r a i n  w i t h i n  t h e  boundar ies  of  t h e  g e n e r a l  
a r e a  e s t a b l i s h e d  i n  ( a )  above.  
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2 .  Sub t r ac t  t h i s  average msl e l e v a t i o n  p l u s  t h e  assumed - 
antenna he ight  from t h e  msl a l t i t u d e s  of each f i x .  
Enter  t h i s  d i f f e r e n c e  i n  t h e  t h i r d  column of t h e  
worksheet shown i n  f i g u r e  3-3. 

Determine t h e  range coverage ob ta inab le  f o r  each of 
t h e  f i x e s  a s  a func t ion  of t h e i r  a l t i t u d e  above o r  
below t h e  nose of t h e  ASR r a d i a t i o n  p a t t e r n .  A 
procedure f o r  determining t h i s  range i s  descr ibed  
i n  terms of t h e  i l l u s t r a t i o n  shown i n  f i g u r e  3-4 .  
In t h i s  f i g u r e ,  t h e  ASR-7 coverage contour  f o r  a 
small  a i r c r a f t  i s  shown. From t h i s  contour  t h e  
maximum range coverage a t  t h e  nose of t h e  p a t t e r n  i s  
55.7 nmi a t  an a l t i t u d e  of  about 17,000 f e e t .  This  
po in t  i s  designated by t h e  l e t t e r  A i n  t h e  f i g u r e .  
For f i x e s  loca ted  above o r  below t h e  p o i n t  A ,  t h e  
range coverage c a p a b i l i t y  w i l l  be reduced i n  propor- 
t i o n  t o  t h e  drop i n  antenna ga in  a s  we move o f f  t h e  
nose of t h e  antenna p a t t e r n .  This  r educ t ion  is 
determined by loca t ing  t h e  f i x  a t  p o i n t  B a s  shown 
i n  t h e  f i g u r e ,  a t  an a l t i t u d e ,  h ,  corresponding t o  
t h e  a l t i t u d e  d i f f e r e n c e  computed i n  2 above. The 
i n t e r s e c t i o n ,  C,  of t h e  cons tan t  a l t i t u d e  l i n e  from 
B with t h e  p a t t e r n  contour  de f ines  t h e  range,  R, 
(shown a s  4 7  mi i n  t h e  f i g u r e )  of i n t e r e s t .  This  
range should be en tered  i n  t h e  l a s t  column of t h e  
worksheet and t h e  process  repea ted  f o r  each of t h e  
s p e c i f i e d  nav iga t iona l  f i x e s .  

4 .  Make t h e  necessary r e v i s i o n s  t o  t h e  a r e a  found i n  - 
t h e  i n v e s t i g a t i o n s  c a r r i e d  ou t  i n  a above by drawing 
c i r c l e s  about each f i x  using r a d i i  corresponding t o  
t h e  ad jus t ed  range va lues  found i n  3 above. 

5.  Care should be taken t o  cons ider  a l l  f i x e s  i n  t h i s  - 
i n v e s t i g a t i o n  even though they  were not  found t o  be 
c r i t i c a l  i n  e s t a b l i s h i n g  t h e  boundaries  on t h e  b a s i s  
of maximum coverage on t h e  nose of  t h e  p a t t e r n .  
Some f i x e s  could become prominent f a c t o r s  on t h e  
b a s i s  of  t h e s e  a l t i t u d e  coverage cons ide ra t ions .  

Cone-of-Silence Limi ta t ions .  Fur ther  refinement of t h e  above 
a n a l y s i s  should be made t ak ing  i n t o  account t h e  coverage l i m -  
i t a t i o n s  of t h e  ASR due t o  t h e  so -ca l l ed  "cone-of-silence". 
To do t h i s ,  it i s  recommended t h a t  t h e  a r ea  determined above 
be redrawn on an appropr i a t e ly  s i z e d  c h a r t  marked t o  show a l l  
f i x e s ,  a i r  r o u t e s ,  and t h e  corresponding a l t i t u d e s  of each 
wi th in  t h e  a i r s p a c e  above t h i s  a r e a .  The r e a l  e s t a t e  t o  be 
avoided beneath f i x e s  and a i r  rou te s  i s  determined by t h e  
a r e a  swept out  a long t h e  ground s u r f a c e  by t h e  base o f  a 
r i g h t  c i r c u l a r  cone a s  i t s  apex t r a v e l s  a long a l l  a i r  rou te s  
between a l l  f i x e s .  The apex angle  of t h i s  cone i s  1300 and 

Chap 3 
Par  38 Page 191 



FIGURE 3-3 
DETERMINING RADAR COVERAGE AS A FUNCTION OF FIX ALTITUDE 

WORKSHEET 

Assumed Antenna Height ASR T y p e  A S R -  

M S L  Elevation Of Antenna Center Aircraf t  Type 

FIX IDENTIFICATION MSL ALTITUDE OF F I X  
( F e e t )  

DIFFERENCE BETWEEN MAXIMUM COVER AGE 
FIX 8 ANTENNA CENTER RANGE TO F I)( 

ALTITUDES ( From Coverage Diagram 
( F e e t  (~outlcal Mild I 

F A A  form 6 3 1 0  - 7  ( 1 2 - 7 3 )  

Page 192 
Chap 3 
Par 38 



Aircraf t  E l e v o t i o n  ( Thousands O f  F e e t  
- N W P UI 

0 0 0 0 0 0 

w 
3 

N 

0, 

- 
ul 
0 

- 
0, 

0) 
0 

4 
0 

R a d a r  E l e v a t i o n  Angle 

Chap 3 
P a r  38 Page 193 



i t s  h e i g h t  e q u a l s  t h e  a g l  (above ground l e v e l )  a l t i t u d e  o f  
:he f i x  o r  p o i n t  a l o n g  t h e  a i r  r o u t e .  Th i s  1300 apex a n g l e  
a s s u n e s  an R~ s t c  curve  i s  t o  be  used .  Higher v a l u e s  o f  s t c  
a t t e n u a t i o n  w i l l  r e q u i r e  t h e  use  o f  l a r g e r  apex a n g l e s .  An 
i l l u s t r a t i o n  o f  t h e  r e s u l t s  o b t a i n e d  u s i n g  t h i s  p rocedure  i s  
given i n  f i g u r e  3-5.  

c .  The a r e a  d e f i n e d  by t h e  above p rocedure  de te rmines  t h e  g e n e r a l  
a r e a  i n  which t h e  ASR/ATCBI system must be  s i t e d  t o  p r o v i d e  e f f e c -  
t i v e  d e t e c t i o n / t r a c k i n g  o f  a i r c r a f t  over  each f i x  anh a i r  r o u t e .  
G e n e r a l l y ,  t h i s  a r e a  w i l l  i n c l u d e  t h e  a i r p o r t  p r o p e r t y  and b e  s u f -  
f i c i e n t l y  l a r g e  i n  e x t e n t  t o  c o n t a i n  many p o t e n t i a l  o f f - a i r p o r t  
s i t e  l o c a t i o n s  a s  w e l l .  However, i f  t h e  a r e a  found u s i n g  t h i s  
p rocedure  i s  unduly r e s t r i c t i v e ,  l e a v i n g  l i t t l e  o r  no cho ice  f o r  
s i t e  l o c a t i o n s ,  d i s c u s s i o n s  w i t h  ATD p e r s o n n e l  may be  i n  o r d e r  t o  
c o n s i d e r  whether  any r e l a x a t i o n ,  m o d i f i c a t i o n ,  o r  r e l o c a t i o n  of 
t h e  g iven  a i r w a y l f i x  requirement  i s  t o l e r a b l e .  

39. PRELIMINARY INVESTIGATIONS. The o b j e c t i v e s  o f  t h e s e  p r e l i m i n a r y  i n -  
v e s t i g a t i o n s  a r e  ( a )  t o  l o c a t e  and i d e n t i f y  a v a i l a b l e  s i t i n g  p r o p e r t y  
w i t h i n  t h e  g e n e r a l  l and  a r e a s  e s t a b l i s h e d  i n  t h e  above a n a l y s i s ,  and 
(b) t o  s e l e c t ,  from t h e s e  p r o p e r t i e s ,  a s e t  ( e . g . ,  two t o  t h r e e )  o f  
p r e f e r r e d  s i t e  l o c a t i o n s  f o r  i n - d e p t h  survey  and a n a l y s i s .  These i n -  
v e s t i g a t i o n s  w i l l  i n c l u d e  map s t u d i e s ,  v i s i t s ,  and some a n a l y s i s  t o  
a s c e r t a i n  t h e  a v a i l a b i l i t y  and s u i t a b i l i t y  o f  t h e  p a r t i c u l a r  p r o p e r t i e s  
a s  s i t e  l o c a t i o n s ,  t a k i n g  i n t o  account  a s  many of t h e  c r i t e r i a  f o r  
good s i t i n g  a s  p o s s i b l e .  

a .  A i m o r t  S i t e s .  

(1) When t h e  g e n e r a l  a r e a  e s t a b l i s h e d  f o r  s i t i n g  i n c l u d e s  a l l  o r  
p a r t  o f  t h e  a i r p o r t  grounds,  t h e  f o l l o w i n g  g u i d e l i n e s  shou ld  
be used t o  i d e n t i f y  and l o c a t e  p r o p e r t y  on t h e  a i r p o r t  t h a t  
can b e  used f o r  ASR/ATCBI s i t e s .  

( a )  The s i t e  s h a l l  n o t  b e  l o c a t e d  c l o s e r  t h a n  o n e - h a l f  m i l e  
from t h e  end o f  any e x i s t i n g  o r  p lanned runway. 

(b) The s i t e  s h a l l  n o t  b e  c l o s e r  t h a n  2,500 f e e t  from any 
e x i s t i n g  o r  p lanned e l e c t r o n i c  equipment i n s t a l l a t i o n  o r  
f a c i l i t y .  F u r t h e r ,  t h e  s i t e  s h a l l  n o t  be  l e s s  t h a n  one- 
h a l f  m i l e  from Weather Bureau r a d a r s  and rad iosonde  
equipment.  V i o l a t i o n  o f  t h e  l a t t e r  c r i t e r i a  r e q u i r e s  a  
Washington waiver .  

( c )  The s i t e  s h a l l  n o t  be  c l o s e r  t h a n  1,500 f e e t  from any 
zibovz-ground o b j e c t  ( i . e . ,  f e n c e s ,  towers ,  h a n g a r s ,  
b u i l d i n g s ,  e t c . )  t h a y  may i n t e r f e r e  o r  c a u s e  d e g r a d a t i o n  
i n  t h e  ASR/ATCRBS o p e r a t i o n .  

(d! P r e f e r e n c e  shou ld  b e  given t o  remot ing o f  d a t a  from t h e  
ASR/A?'CBI r e ~ c i v e r s  t o  t h e  i n d i c a t o r  s i t e  v i a  l a n d l i n e s .  
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To do t h i s  t h e  r a d a r  should be loca t ed  such t h a t  t h e  
maximum routed  czible l eng th  between r a d a r  and i n d i c a t o r  
s i t e s  i s  wi th in  t h e  maximum al lowable cab le  length  d i s -  
t ance  ind ica t ed  i n  t a b l e s  1-1 and 1-2, f o r  t h e  type  of  
ASR/beacon system being s i t e d .  

(2) Ai rpor t  p rope r ty  e l imina ted  by t h e  above c r i t e r i a  can be 
marked d i r e c t l y  on a  s c a l e d  copy of  t h e  a i r p o r t  master  p lan .  
In  s o  doing, proper ty  a v a i l a b l e  f o r  s i t e  l o c a t i o n s  can be 
r e a d i l y  i d e n t i f i e d .  Before cons ider ing  t h e s e  s i t e  l o c a t i o n s  
f u r t h e r ,  it i s  suggested t h a t  t h e  maximum pe rmis s ib l e  antenna 
he ight  a t  each of t h e s e  loca t ions  be  determined by r e f e r r i n g  
t o  FAR, p a r t  77--Objects Affec t ing  Navigable Airspace,  and 
where app l i cab le ,  by examining t h e  moca c h a r t s  f o r  t h e  a i r -  
p o r t  i n  ques t ion .  

Off-Airport  S i t e s .  

(1) An important concern i n  l o c a t i n g  p o t e n t i a l  o f f - a i r p o r t  s i t e s  
i s  t o  f i n d  p rope r ty  t h a t  is  a v a i l a b l e  through purchase o r  
long-term l e a s e .  This  proper ty  should be a t  an e l e v a t i o n  
t h a t  overlooks t h e  surrounding t e r r a i n  t o  t h e  e x t e n t  neces- 
s a r y  t o  provide  t h e  d e s i r e d  coverage and should be  more o r  
l e s s  i s o l a t e d  from above-ground obs t ruc t ions  t h a t  may i n t e r -  
f e r e  o r  cause r e f l e c t i o n s  i n  t h e  radar/beacon ope ra t ion .  

(2) S t a t e ,  county, municipal ,  and topographical  maps, t oge the r  
with a e r i a l  photographs where app ropr i a t e ,  should be used t o  
i d e n t i f y  and l o c a t e  t h e  s u i t a b l e  o f f - a i r p o r t  p rope r ty .  
Within t h e  l i m i t s  o f  t h e s e  maps and photographs, o f f - a i r p o r t  
p roper ty  s t u d i e s  should be  made t o  i d e n t i f y  and l o c a t e  prop- 
e r t y  t h a t  meet t h e  fol lowing c r i t e r i a :  

(a)  The proper ty  does not  overlook any s i z e a b l e  number of 
busy thoroughfares  (highways, expressways, ra i lways ,  
e t c . ) .  

(b) The proper ty  i s  not l oca t ed  i n  an a r e a  zoned f o r  com- 
merc ia l  bu i ld ings  o r  h i g h - r i s e  apartments .  

(c )  The proper ty  i s  not l oca t ed  c l o s e r  than 2 ,500 f e e t  from 
any l o c a l  broadcast  s t a t i o n s ,  o r  any i n d u s t r i a l  f a c i l i t y .  

(3) In gene ra l ,  o f f - a i r p o r t  s i t e s  should be considered only a s  a  
l a s t  r e s o r t .  Of f - a i rpo r t  f a c i l i t i e s  a r e  more s u b j e c t  t o  tan-  
g e n t i a l  course problems on runway approaches and t o  10s run- 
way approach coverage problems; they o f t e n  r e q u i r e  more 
c o s t l y  RML remoting; and t h e  FAA has l e s s  con t ro l  over  land 
usage i n  t h e  v i c i n i t y  of  t h e  s i t e .  
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40. PRELIMINARY SITE INSPECTION. Having e s t a b l i s h e d  t h e  necessary  l e g a l  
permission,  v i s i t s  t o  each of t h e  candida te  s i t e  l o c a t i o n s  should be 
made and d i scuss ions  wi th  l o c a l  government o r  bus ines s  o f f i c i a l s  a s  
necessary  should be he ld  t o  o b t a i n  t h e  fol lowing informat ion:  

a .  Screening C h a r a c t e r i s t i c s .  Visual  i n spec t ion  o f  t h e  environment 
and t e r r a i n  surrounding t h e  p rope r ty  us ing  a hand l e v e l  and mag- 
n e t i c  compass, should be made t o  a s c e r t a i n  t h e  q u a l i t y  and ex ten t  
of t h e  screening  t h a t  e x i s t s .  Both c lose - in  and d i s t a n t  sc reening  
o b j e c t s  ( i . e . ,  h i l l s ,  bu i ld ings ,  t r e e  growth, horizon,  e t c . )  
should be  i d e n t i f i e d  over  t h e  e n t i r e  3600 azimuth s e c t o r .  E s t i -  
mates of t h e  range and he igh t s  of t h e  screen  o b j e c t s  r e l a t i v e  t o  
t h e  proper ty  e l e v a t i o n  should a l s o  be made. Snapshot photographs 
may s e r v e  a s  a he lp fu l  a i d  i n  recording/documenting many of t h e s e  
f e a t u r e s  f o r  f u t u r e  re ference .  

b .  False-Target  Sources.  P o t e n t i a l  sources  of  beacon r e f l e c t i o n s  
such a s  fences ,  metal s t r u c t u r e s ,  hangars ,  towers ,  e t c . ,  wi th in  
1 nmi from t h e  proper ty  should be i d e n t i f i e d .  The s i z e  and/or 
ex t en t  of  t h e s e  r e f l e c t i n g  s u r f a c e s  should  be obta ined  a long  with 
an e s t ima te  of t h e i r  range from t h e  s i t e .  

c .  Te r r a in  and Environmental Fea tures .  The environment and t e r r a i n  
c h a r a c t e r i s t i c s  should be  documented by no t ing  s o i l  t ype ,  s u r f a c e  
roughness,  h i 1  l y  a r e a s ,  bodies  of  water ,  swamps, farmland, f o r -  
e s t s ,  urban a reas ,  mountains, e t c . ,  on o r  n e a r  t h e  p rope r ty  under 
cons ide ra t ion .  On t h e  b a s i s  o f  t h i s  d a t a ,  a q u a l i t a t i v e  e s t ima te  
of t h e  e x t e n t  and/or s e v e r i t y  of  t h e  r a d a r  c l u t t e r  t o  be expected 
should be at tempted along with t h e  i d e n t i f i c a t i o n  o f  l and  s e c t o r s  
which may support  lobing.  

d .  A c c e s s i b i l i t y .  The ex i s t ence  of  o r  need f o r  roads t o  ga in  access  
t o  t h e  proper ty  should be determined. Where road cons t ruc t ion  o r  
improvement i s  necessary ,  e s t ima te s  d e l i n e a t i n g  t h e  e x t e n t  and 
type  o f  cons t ruc t ion  o r  improvement s h a l l  be made. 

e .  RML/Landline Requirements. The r equ i r ed  cabl ing  d i s t a n c e  f o r  con- 
nec t ion  of t h e  r a d a r  and i n d i c a t o r  s i t e s  should be determined. 
Where t h i s  i s  incompatible  with t h e  maximum ASR and ATCBI cab le  
l eng ths ,  an RML i n s t a l l a t i o n  i s  i n d i c a t e d .  In  t h i s  ca se  d e t e r -  
mine t h e  10s d i s t a n c e  between t h e  r a d a r  and i n d i c a t o r  s i t e s .  

f .  E l e c t r i c a l  Power. Nearby access  t o  t h r e e  phase e l e c t r i c a l  power 
should be e s t a b l i s h e d .  Est imate t h e  na tu re  and ex ten t  of  t h e  
cons t ruc t ion  o r  i n s t a l l a t i o n s  necessary t o  provide power-at  t h e  
s i t e .  

g .  Nearby Processing/Mining I n d u s t r i e s .  Chemical, sewage t rea tment ,  
mining, o r  quar ry  ope ra t ions  loca t ed  near  o r  w i th in  t h e  v i c i n i t y  
of  t h e  candida te  s i t e  should be i d e n t i f i e d .  I n v e s t i g a t i o n s  should 
then  be c a r r i e d  out t o  determine i f  any co r ros ive  d i scha rges ,  d u s t ,  
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chemical p o l l u t a n t s ,  shock, o r  v i b r a t i o n s  produced by t h e s e  i n d i -  
v idua l  ope ra t ions  a r e  s e r i o u s  enough t o  cause mechanical o r  e l e c -  
t r i c a l  f a i l u r e s  i n  an ASR/ATCBT system. 

h. Su r face  T r a f f i c .  Est imates  o f  t h e  length and d i r e c t i o n  of high-  -- 
ways, expressways, ra i lways ,  o r  roads t h a t  a r e  v i s i b l e  from t h e  
p rope r ty  should be noted .  

i .  'Drainage.  The s o i l  cond i t i ons ,  r e l i e f ,  and grading o f  t h e  proper ty  
t e r r a i n  should be assessed  from a  dra inage  s t andpo in t .  Spec ia l  
n o t e  should be made of  any l e v e l i n g  o r  grading necessary  t o  i m -  
prove dra inage  o f  t h e  p rope r ty .  

j .  S a n i t a t i o n .  The requirements  f o r  sewer and water connect ions t o  
t h e  candida te  s i t e  should be determined. For convenience, a  
s imple form such a s  shown i n  f i g u r e  3-6, may be used a s  a  combi- 
n a t i o n  c h e c k l i s t / d a t a  shee t  i n  t h e  conduct of t h e  pre l iminary  s i t e  
i n spec t ions .  

41 .  PRELIMINARY SITE ANALYSIS. The purpose of t h i s  a n a l y s i s  i s  t o  d e t e r -  
mine t h e  (two t o  t h r e e )  most promising candida te  s i t e  l o c a t i o n s  f o r  
in-depth survey and i n v e s t i g a t i o n .  The a n a l y s i s  t h a t  w i l l  be c a r r i e d  
out  t o  sxpport t h e s e  dec i s ions  inc ludes  but  i s  not  n e c e s s a r i l y  l imi t ed  
t o :  ( a )  determining t h e  approximate ex t en t  t o  which t h e  given cover- 
age requirements can be met a t  each of t h e  candida te  s i t e  l o c a t i o n s ,  
(b) e s t ima t ion  of ex t r ao rd ina ry  i n s t a l l a t i o n ,  o p e r a t i o n a l ,  and/or 
maintenance c o s t s  t h a t  a r e  r equ i r ed  a t  each l o c a t i o n ,  (c )  i d e n t i f i -  
c a t i o n  o f  t a n g e n t i a l  course s i t u a t i o n s  from each of t h e  s i t e  l o c a t i o n s ,  
and ( d )  s e l e c t i o n  of  s i t e  l oca t ions  f o r  in-depth survey and a n a l y s i s .  
Since t h e  d a t a  t o  be used i n  t h e  ana lyses  i s  only  semi-quant i ta t ive  
a t  b e s t ,  it should be recognized t h a t  abso lu t e  o r  p r e c i s e  r e s u l t s  
cannot be obta ined  a t  t h i s  pre l iminary  s t a g e .  Hence, i n  t h e  suggested 
approach t h a t  fo l lows ,  t h e  l e v e l  of  e f f o r t  extended should r e f l e c t  t h e  
need f o r  r e l a t i v e  comparison r a t h e r  than  an exac t ing  and/or  labor ious  
assessment of  candida te  s i t e  l o c a t i o n s .  

a .  Antenna Height f o r  LOS V i s i b i l i t y .  The purpose of t h i s  a n a l y s i s  
i s  t o  e s t ima te  t h e  antenna h e i g h t s  necessary  f o r  10s v i s i b i l i t y  
t o  each of  t h e  nav iga t iona l  f i x e s  from t h e  s i t e  under cons ider -  
a t i o n .  The p r i n c i p a l  f a c t o r s  t o  be considered i n  t h i s  a n a l y s i s  
a r e  t h e  screening  o b j e c t s  ( c lo se - in  and d i s t a n t )  surrounding t h e  
candida te  s i t e .  Using topographica l  maps toge the r  wi th  t h e  
screening  d a t a  recorded during pre l iminary  i n s p e c t i o n s ,  t h e  an- 
tenna he igh t s  necessary  t o  o b t a i n  10s v i s i b i l i t y  t o  each f i x  o r  
s e c t o r  of f i x e s  should be determined and recorded s e p a r a t e l y .  
The h ighes t  antenna he ight  requi red  f o r  10s v i s i b i l i t y  i s  t h e  one 
of i n t e r e s t .  P l o t s  such a s  10s boundary diagrams o r  v e r t i c a l  
coverage c h a r t s  may be used where necessary  t o  exped i t e  t h e s e  
an,i l!,ses. 

b .  Cost Es t imates .  I n  add i t i on  t o  t h e  cos t  o f  acqu i r ing  t h e  p rope r ty ,  
cos t  es:;nates r e l a t i n g  t o  ex t r ao rd ina ry  s i t e  improvements, system 
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FIGURE 3-6 
PRELIMINARY SlTE INSPECTION CHECKLIST 

SITE INSPECTED : PAGE I OF 2 

DATE : PERSONNEL : 

SITE ACCESSIBILITY : (no te  roads or improvemenls req'd , with est. of  cost 

RML /LANDLINE REQUIREMENTS : (note LOS or cable dirt. t o  IFR room, as applicable) 

ELECTRICAL POWER PROVISIONS: ( a v a i l .  o f  c o m m l .  pwr. and  loc.of nearest acc-ems pt.) 

SANITATION : ( note any sewer, water connections req d.;  est. cost ) 

I TERRAIN TYPE: ( note gen. char. o f  terrain near si te ) 

ENVIRONMENT : (note nearby natural  or other sources o f  harmful radiation, shock , 
vibration , corrosive atmospheres 1 

b 
F A A  Form 6 3 1 0  - 6  (12  -73) 
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FIGURE 3-6. (Continued) 

SCREENING CHARACTERISTICS ; ( e s t  range, h t .  o f  close - i n  and d i s tan t  screening 

SITE INSPECTED : 

objects for a l l  o t imuths 1 

PAGE 2 OF 2 

CLUTTER / LOBlNG ASSESSMENT : ( e s t .  severi ty of clutter in unscreened areas , no te  
regions o f  poss. lobing 1 

SURFACE TRAFFIC : ( est.  length,  d i r . ,  dist.  o f  visible roadways 8 R.R. l ines ) 

tors 1 REFLECTORS : ( note s i z e ,  r ange  o f  po ten t i a l l y  h a r m f u  I r e f l e c  

F A A  Form 6 3 1 0 - 6  ( 1 2 - 7 3 )  
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ope ra t ions ,  and maintenance requirements should be  made and tabu-  
l a t e d  f o r  each p o t e n t i a l  s i t e .  Among t h e  i tems f o r  s p e c i a l  con- 
s i d e r a t i o n  would be:  

(1) Extensive and/or unusual road cons t ruc t ion  o r  improvements. 

(2)  Spec ia l  i n s t a l l a t i o n s  t o  provide  s a n i t a r y ,  water ,  and/or  
e l e c t r i c a l  power. 

(3) Requirements f o r  RML/cable d a t a  l i n k s .  

(4) Grading, landscaping, o r  o t h e r  p rope r ty  improvements. 

(5) Tree removal o r  maintenance. 

c .  Tangent ial  Course Analysis .  The l o c a t i o n  and number o f  t a n g e n t i a l  
course  problems from each of  t h e  candida te  s i t e  l o c a t i o n s  should 
be determined. This  can be done by marking a l l  primary and sec-  
ondary f l i g h t  pa ths  i n  and out  of  t h e  t e rmina l  a i r s p a c e  on a  
s c a l e d  map, on t h e  10s c h a r t  o r  equ iva l en t ,  and i d e n t i f y i n g  those  
f l i g h t  pa ths  which a r e  tangent  o r  nea r ly  tangent  t o  c i r c l e s  drawn 
from t h e  s i t e  i n  ques t ion .  

42. SELECTION OF SITES FOR SURVEY. The s e t  o f  s i t e s  s e l e c t e d  f o r  in-depth 
survey should r ep re sen t  t h e  most promising among those  candida te  s i t e s  
i n v e s t i g a t e d .  TO provide some a s s i s t a n c e - i n  making t h e s e  choices ,  t h e  
fo l lowing  gu ide l ines  a r e  submit ted t o  f a c i l i t a t e  t r a d e - o f f s ,  compari- 
son, and compromise among t h e  var ious  f a c t o r s  t o  be  cons idered .  

a .  Maximum preference  i s  given t o  those  s i t e s  having t h e  b e s t  poten- 
t i a l  f o r  meeting t h e  given coverage requirements .  This  p o t e n t i a l  
shquld be eva lua ted  by comparing o r  a s se s s ing  t h e  fol lowing f ac -  
t o r s  f o r  each candida te  s i t e  with r e spec t  t o  coverage requirements .  

(1) The range coverage c a p a b i l i t y  of  t h e  ASR f o r  t h e  sma l l e s t  
a i r c r a f t  of i n t e r e s t .  Spec i fy /descr ibe  t h e  e x t e n t  t o  which 
it i s  not  expected t o  achieve t h e s e  range coverage 
requirements .  

( 2 )  The ASR/ATCBI 10s v i s i b i l i t y  t o  t h e  nav iga t iona l  f i x e s  of 
i n t e r e s t .  Spec i fy  t h e  number o f  f i x e s  t h a t  a r e  not  v i s i b l e  
because of sc reening  obs t ruc t ions .  

( 3 )  The number of p o t e n t i a l  f a l s e  t a r g e t  r e f l e c t i n g  su r f aces  su r -  
rounding t h e  s i t e .  The loca t ion  and e x t e n t  of  p o s s i b l e  bea- 
con f a l s e  t a r g e t  r e p l i e s  should be es t imated .  

(4) The azimuth s e c t o r  i n  whith ASR/ATCBI lobing may occur  
Relate  t h i s  t o  p o s s i b l e  coverage problems. 

(5) The expected runway and f i n a l  approach/departure coverage. 
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(6) The ex ten t  of and s e c t o r s  i n  which c l u t t e r  can be expected. 
Est imate t h e  poss ib l e  l o s ses  i n  coverage. 

( 7 )  The ex t en t  of s u r f a c e  t r a f f i c  v i s i b l e  t o  t h e  ASR/ATCBI s i t e  
l oca t ion .  

(8) The number of f i x e s  and/or airways contained i n  o r  pass ing  
thrcugh t h e  ASR/ATCBI "cone-of -s i lence t t  . 

(9 )  The number and loca t ion  of a i l  t a n g e n t i a l  course problems. 

b .  Ai rpor t  s i t e s  a r e  p r e f e r r e d  over  o f f - a i r p o r t  s i t e s  because of t h e  
usua l ly  b e t t e r  con t ro l  of nearby cons t ruc t ion ,  i n s t a l l a t i o n ,  and/ 
o r  o t h e r  development t h a t  could i n t e r f e r e  with ASR/ATCBI ope ra t ion .  

c .  S i t e s  r e q u i r i n g  cab le  d a t a  l i n k s  l e s s  than  10,000 f e e t  a r e  pre-  
f e r r e d  over  those  r equ i r ing  RML equipment because of c o s t .  

d .  S i t e s  should not be loca t ed  near  i n d u s t r i a l  opera t ions  whereby 
t h e  ASR/ATCBI system may be exposed t o  co r ros ive  d ischarges ,  
e l e c t r i c a l  i n t e r f e r e n c e s ,  shock, and/or  excess ive  v i b r a t i o n s .  

e .  S i t e s  surrounded by undeveloped and/or n a t u r a l  a r e a s  a r e  p r e f e r -  
r ed  over  t hose  i n  heav i ly  congested urban a r e a s ,  bus ines s  d i s -  
t r i c t s ,  e t c .  This  p re fe rence ,  however, i s  p red ica ted  on t h e  
knowledge t h a t  no known p lans  f o r  f u t u r e  development e x i s t s  i n  
t h e s e  undeveloped a r e a s .  

f .  S i t e  l o c a t i o n s  t h a t  provide a good dea l  of low-angle, c l o s e - i n ,  
n a t u r a l  sc reening  aga ins t  c l u t t e r ,  lob ing ,  and f a l s e  t a r g e t  
sources  a r e  h ighly  d e s i r a b l e .  

g.  Excessive s i t e  improvements f o r  t h e  purpose of sc reening ,  u t i l i t y  
i n s t a l l a t i o n ,  providing road access ,  d ra inage ,  weather p r o t e c t i o n ,  
t r e e  removal, e t c . ,  a r e  c o s t l y  and should be avoided i f  a t  a l l  
p o s s i b l e .  

h.  S i t e s  r equ i r ing  containued annual maintenance such a s  trimming o f  
t r e e s ,  grading,  dra inage ,  road r e p a i r ,  e t c . ,  should be avoided. 

SECTION 4 .  SITE SURVEY 

INTRODUCTION. 

a.  -- The d a t a  and information t o  be obta ined  during t h e  in-depth  surl:ey 
of each s i t e  may be separa ted  i n t o  two p r i n c i p a l  c a t e g o r i e s ,  
(1) communicat ions-electronics ,  and ( 2 )  engineering and construc-  
t i o n .  The communications-electronics d a t a  r e l a t e s ,  f i r s t  o f  a l l ,  
t o  t h e  loca t ion  of t h e  ASR/ATCBI antenna and t o  t h e  environmental 
f a c t o r s  t h a t  a f f e c t  t h e  ope ra t iona l  performance of t h e  r ada r /  
beacon system. These inc lude  t h e  (1) e f f e c t i v e  he ight  of t h e  
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antennas ,  ( 2 )  sc reening  angles  about t h e  s i t e ,  (3 )  e a r t h  s u r f a c e  
c h a r a c t e r i s t i c s  r e l a t e d  t o  r ada r  propagat ion ,  and (4)  manmade r e -  
f l e c t i o n  o b j e c t s  o r  su r f aces  surrounding t h e  s i t e .  

Communications-electronics d a t a  a l s o  r e l a t e s  t o  t h e  l o c a t i o n ,  
o r i e n t a t i o n ,  and space requirements f o r  RML antenna towers o r  
cab le  l i n e s  a s  r equ i r ed  f o r  communications between t h e  ASR/ATCBI 
s i t e  and t h e  TRACON i n d i c a t o r  s i t e .  

Engineering and cons t ruc t ion  d a t a  t h a t  w i l l  be obta ined  r e l a t e  t o  
making t h e  s i t e  o p e r a t i o n a l .  This  w i l l  inc lude  surveys and inves-  
t i g a t i o n s  t o  determine t h e  requirements f o r  (1) water ,  e l e c t r i c a l  
power, and s a n i t a t i o n ,  ( 2 )  road acces s ,  (3 )  grading ,  landscaping,  
and/or  dra inage ,  and (4)  s p e c i a l  cons t ruc t ion  o r  i n s t a l l a t i o n s .  

Although t h e s e  f a c t o r s  have been considered i n  pre l iminary  inves-  
t i g a t i o n s ,  many of  t h e  r e s u l t s  ob ta ined  were p r imar i ly  der ived  
from q u a l i t a t i v e  and semi -quan t i t a t i ve  d a t a .  Because t h i s  d a t a  
may be  incomplete,  o r  i n  some cases  erroneous,  i t  i s  necessary  t o  
v e r i f y  t h e i r  accuracy.  This  i s  indeed t h e  primary purpose o f  t h e  
in-depth s i t e  survey. The fol lowing paragraphs d e s c r i b e  t h e  t a s k s  
and procedures recommended f o r  ca r ry ing  out  t h i s  in -depth  survey.  

44 .  PRE-SURVEY COORDINATION. Af t e r  t h e  s i t e s  t o  be  surveyed have been 
s e l e c t e d ,  a  f i e l d  s i t i n g  team c o n s i s t i n g  of a t  l e a s t  one r ada r / e l ec -  ., 
t r i c a l  engineer ,  a  c i v i l  engineer ,  and &e technic ian  should bk des ig-  
na ted  t o  coord ina te  and c a r r y  out  t h e  survey e f f o r t .  One of t h e  f i r s t  
r e s p o n s i b i l i t i e s  of t h e  engineers  w i l l  be  t o  con tac t  and/or  convene 
t h e  necessary  conferences and meetings with cognizant i nd iv idua l s /  
representatives/agencies t o  expedi te  t h e  fol lowing:  

Review pre l iminary  i n v e s t i g a t i o n s  and confirm r e s u l t s  ob ta ined  f o r  
each o f  t h e  s i t e s  s e l e c t e d  f o r  in-depth survey.  

S e l e c t  he igh t s  above ground l e v e l  ( ag l )  a t  which t h e  d e t a i l e d  
survey s h a l l  be made f o r  each s i t e .  

E s t a b l i s h  t h e  o rde r  i n  which t h e  s i t e s  w i l l  be  surveyed. 

S e t  a  d a t e  and t e n t a t i v e  t ime schedule f o r  conducting t h e  survey 
a t  each s i t e .  

Obtain t h e  necessary  l e g a l  approvals  t o  conduct t h e  survey a t  
each s i t e .  

Review, a s s ign ,  and schedule a l l  t a s k s  t o  be performed a t  each s i t e .  

Schedule and make arrangements f o r  t h e  t r a n s p o r t a t i o n  of  personnel  
and equipment t o  t h e  va r ious  s i t e  l oca t ions .  
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45. EQUIPMENT NEEDS. The fo l lowing  i tems r ep resen t  t y p i c a l  t echn ica l  
equipments which a r e  recommended t o  accomplish t h e  s i t e  survey:  

Adjustable  s ca f fo ld ing  t o  provide a  surveying p l a t fo rm a t  t h e  
he ight  l e v e l s  (spaced 10 f e e t  a p a r t )  o f  i n t e r e s t  a t  each o f  t h e  
s i t e s .  

Scrveyor ' s  t r a n s i t  capable  of  1 minute r e s o l u t i o n  o r  b e t t e r .  

S t a d i a  rods,  l e v e l ,  and surveyor ' s  t ape .  

35 mm r e f l e x  camera wi th  a  l e n s  having a  minimum f o c a l  l eng th  o f  
85 t o  90 mm. An assembly should a l s o  be provided f o r  mounting 
and alinement o f  t h e  camera wi th  t h e  t r a n s i t  v e r t i c a l  and h o r i -  
zonta l  r e f e rence  p lanes .  In  a d d i t i o n ,  a l ens  r e c t i c l e  c a l i b r a t e d  
t o  produce azimuth and e l e v a t i o n  degree marks d i r e c t l y  on each 
photo i s  advised.  

Photographic f i lm,  exposure meter,  c a b l e  r e l e a s e ,  and l e n s  f i l t e r s .  

6x t o  8x b inocu la r s  w i th  a  35 rmn t o  56 mm o b j e c t i v e  l e n s .  

Op t i ca l  rangef inder  with range c a p a b i l i t y  o f  approximately 50 t o  
3,000 f e e t .  

Abney hand l e v e l .  

Pocket t r a n s i t .  

Tapes, 50 f e e t  and 100 f e e t .  

Draf t ing  equi,pment. 

10-inch p r o t r a c t o r .  

T r i ang le s .  

24-inch s t r a i g h t  edge. 

Data s h e e t s ,  worksheets,  logbooks, e t c .  

46. SCAFFOLD ASSEMBLY. 

a .  I t  w i l l  be  necessary t o  e r e c t  a s c a f f o l d  assembly a t  each of  t h e  
s i t e s  under i n v e s t i g a t i o n  t o  provide a  surveying p la t form a t  t h e  
antenna he ight  of i n t e r e s t .  S ince  t h e  antenna he ight  s e l e c t e d  i n  
previous s t u d i e s  i s  based on pre l iminary  s t u d i e s  on ly ,  it i s  ad- 
v i sed ,  a l though not always necessary ,  t h a t  t h e  survey be  made a t  
t h r e e  l e v e l s ,  corresponding t o  (1) t h e  nominal he ight  s e l e c t e d ,  
and (2) + l o  f e e t  above and below t h i s  he igh t .  This  w i l l  r e q u i r e  
t h a t  t h e  s c a f f o l d i n g  be a d j u s t a b l e .  In  e r e c t i n g  t h i s  s ca f fo ld ing ,  
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s p e c i a l  p recau t ions  should be taken  t o  a s su re  adequate f o o t i n g  
and guy wire  suppor ts  f o r  s t a b i l i t y  and personnel  s a f e t y .  The 
s c a f f o l d i n g  tower should be  guyed a t  a l l  corners  every 30 f e e t  o r  
l e s s .  I t  is  important t h a t  t h e  p la t form deck be f i rm  and r i g i d  
t o  e l i m i n a t e  unwanted instrument  movement. 

b .  An a l t e r n a t i v e  t o  t h e  use  o f  s c a f f o l d i n g  i s  t h e  crane-mounted 
bucket o r  "Cherry Picker".  When t h i s  i s  a  f e a s i b l e  a l t e r n a t i v e ,  
it is g e n e r a l l y  l e s s  expensive and t ime consuming than  t h e  use  of  
scaf fo ld ing .  Guy wires  a r e  s t i l l  r equ i r ed  f o r  s t a b i l i t y .  

47. SCREENING PROFILE MEASUREMENTS. 

a .  The purpose o f  t h e  sc reen ing  p r o f i l e  measurement i s  t o  c o l l e c t  
p r e c i s e  screen  ang le  d a t a  from which 10s v i s i b i l i t y  contour  d i a -  
grams can be cons t ruc t ed .  Data contained i n  t h e  10s diagram is  
used t o  determine t h e  10s coverage c a p a b i l i t y  t h a t  can be expected 
f o r  t h e  ASR/beacon system a t  t h e  antenna he igh t  and s i t e  l o c a t i o n  
under cons ide ra t ion .  

b .  The screening  angles  a r e  measured us ing  a su rveyor ' s  t r a n s i t  
instrument  t o  determine t h e  e l e v a t i o n  ang le  of  a l l  s c r een ing  ob- 
j e c t s  through 3600 i n  azimuth a s  viewed from each of  t h e  prospec- 
t i v e  antenna h e i g h t s .  These antenna h e i g h t s  correspond t o  t h e  
h e i g h t ( s )  s e l e c t e d  on t h e  b a s i s  o f  pre l iminary  i n v e s t i g a t i o n s .  

c .  The screening  p r o f i l e  of  concern, f o r  t h e  most p a r t ,  w i l l  be  t h e  
s k y l i n e  p r o f i l e  about t h e  s i t e  l o c a t i o n .  However, where an a p p l i -  
cab le  amount of  navigable  a i r s p a c e  e x i s t s  beneath t h i s  s k y l i n e  10s 
i n  t h e  reg ion  between t h e  s i t e  l o c a t i o n  and s k y l i n e  o b j e c t ,  it i s  
r equ i r ed  t h a t  t h i s  a i r s p a c e  be  accounted f o r  by making t h e  appro- 
p r i a t e  survey. This  condi t ion ,  which i s  p r i n c i p a l l y  found i n  
mountainous reg ions ,  i s  i l l u s t r a t e d  i n  t h e  examples shown i n  f i g -  
u r e s  3-7 and 3-8. Figure 3-7 i l l u s t r a t e s  a  s i t u a t i o n  where a  
cons iderable  s e c t o r  of navigable  a i r s p a c e  e x i s t s  between t h e  two 
l i nes -o f - s igh t  e s t a b l i s h e d  by t h e  c lose - in  h i l l  and d i s t a n t  moun- 
t a i n  s k y l i n e .  The s i z e  of t h i s  s e c t o r  i s  dependent on t h e  d i s -  
t ance  between t h e  mountain and s i t e  l o c a t i o n  and t h e  s i z e  o f  t h e  
10s angle  d i f f e r e n c e ,  (8  - 8 ) shown i n  t h e  f i g u r e .  

d  c  

d .  To determine t h e  c lose - in  screen  p r o f i l e  about t h e  s i t e  l o c a t i o n ,  
it should be  recognized i n  f i g u r e  3-7, t h a t  t h e  c l o s e - i n  10s 
passes  over t h e  in te rvening  h i l l s ,  bu i ld ings ,  o r  o t h e r  o b j e c t s .  
between t h e  c lose - in  screening  o b j e c t s  and t h e  d i s t a n t  mountain. 

e .  Figure 3-8 i l l u s t r a t e s  a  case  where t h e  low-angle s c reen ing  pro- 
f i l e  may be somewhat more d i f f i c u l t  t o  e s t a b l i s h  when surveying.  
Here no d i s t a n c t  and/or  contiguous screening  o b j e c t s  e x i s t  between 
t h e  s i t e  l oca t ion  and t h e  base o r  f o o t h i l l s  of t h e  mountain. 
Under t h e s e  circumstances,  a  v i r t u a l  sc reening  p r o f i l e  a long t h e  
base of t h e  mountain should be e s t a b l i s h e d  by lowering t h e  surveying 
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FIGURE 3-7. ILLUSTRATION QF CLOSE-IN AND DISTANT QR 
SKYLINE SCREEN PROFILES 

Visib le  Airspace 
Between Two 
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FIGURE 3-8. ILLUSTRATION OF DIFFERENCE BETWEEN LOW-ANGLE AND 
DISTANT OR SKYLINE SCREEN PROFILES 

Visible Airspace 
Between Two 
Screen Angles Distant  Or Skyline / Screen Object 



instrument  u n t i l  v i s u a l l y  encounter ing any o b j e c t  between t h e  s i t e  
and mountain s lope .  The recorded low-angle 10s should pass  over  
a l l  i n t e rven ing  t e r r a i n ,  bu i ld ings ,  o b j e c t s ,  e t c .  

f .  A s  many observa t ions  of  t h e  v e r t i c a l  angles  t o  t h e  success ive  
screening  o b j e c t s  a r e  taken a s  i s  necessary t o  d e f i n e  t h e  360° 
p r o f i l e .  Where t h e  p r o f i l e  i s  h ighly  i r r e g u l a r  such a s  i n  moun- 
t a i n  reg ions ,  readings of t h e  v e r t i c a l  angle  should be made t o  
s i g n i f i c a n t  p o i n t s  on t h e  sky l ine  o r  c lo se - in  p r o f i l e ;  t h a t  i s ,  
t o  t h e  success ive  peaks and v a l l e y s  t h a t  desc r ibe  t h e  p r o f i l e .  
Azimuth i n t e r v a l s  w i l l ,  t h e r e f o r e ,  very but  should not  be made 
sma l l e r  than lo except f o r  cases  of  unusual o r  r a r e  p r o f i l e  i r r e g -  
u l a r i t i e s .  Ve r t i ca l  angles  above and below t h e  l o c a l  ho r i zon ta l  
should be read t o  t h e  n e a r e s t  (1 .0 ' )  minute. 

48. TRANSIT SURVEY PROCEDURES. 

S e t  up and l e v e l  t h e  t r a n s i t  a t  t h e  l oca t ion  and he ight  s e l e c t e d  
f o r  t h e  antenna. Make t h e  necessary calibrations/adjustments t o  
o r i e n t  t h e  t r a n s i t  with r e spec t  t o  magnetic n o r t h  and c o r r e c t  f o r  
compass reading  d i s t o r t i o n s  caused by s t e e l  s ca f fo ld ing .  S e l e c t  
a  t r u e  no r th  r e f e rence  and record f o r  f u t u r e  r e f e rence  and d a t a  
conversion.  A s t a k e  o r  s u i t a b l e  d i s t a n t  o b j e c t  w i l l  s e rve  equal ly  
we l l .  Se t  a  marker a t  t h e  c e n t e r  of t h e  tower f o r  f u t u r e  r e f e r -  
ence. Number and mark each t r i p o d  l e g  ex tens ion  a s  wel l  a s  each 
t r i p o d  l eg  and plumb bob po in t  on t h e  deck. This  w i l l  permit  r e -  
s e t t i n g  t h e  t r a n s i t  a t  t h e  same loca t ion  and e l eva t ion  with su f -  
f i c i e n t  accuracy t o  cont inue t h e  horizon p r o f i l e  work, should an 
i n t e r r u p t i o n  occur .  

Enter  p e r t i n e n t  d a t a  i d e n t i f y i n g  t h e  s i t e  by name, number o r  o t h e r  
des igna t ion ,  and desc r ib ing  t h e  s i t e  l o c a t i o n ,  ground e l eva t ion  
(msl ) ,  survey he ight  ( a g l ) ,  e t c . ,  on t h e  Screen Angle Survey Data 
Sheet ( f i g u r e  3-9).  Care should be taken t o  inc lude  t h e  he ight  of 
t h e  t r a n s i t  t r i p o d  a s  wel l  a s  t h a t  of t h e  s c a f f o l d  p la t form i n  
determinat ion of survey he igh t .  Specify whether t h e  d a t a  i s  f o r  
t h e  c lo se - in  o r  sky l ine  p r o f i l e  and proceed as  i n  s t e p s  c  through 
g .  

S igh t  t h e  instrument on t h e  screening o b j e c t ,  using t h e  v e r t i c a l  
c i r c l e  tangent screw f o r  alinement of t h e  i n t e r s e c t i o n  of t h e  
v e r t i c a l  and middle ho r i zon ta l  c r o s s h a i r s  with t h e  p r o f i l e  of  t he  
screening  obj e c t  . 

Enter  t h e  azimuth angle  ( t o  t h e  nea re s t  minute) of t h e  screen  ob- 
j e c t  i n  the  azimuth column marked TO and i n  t h e  column marked 
FROM on the  next l i n e .  

Enter  t h e  v e r t i c a l  angle  ( t o  t h e  n e a r e s t  minute) i n  t h e  second 
major column. Care should be taken i n  reading t h e  v e r n i e r  cor -  
r e c t l y  f o r  p lus  and minus angles .  
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FAA Form 6 3 1 0 - 5  (12  -73) 

FIGURE 3-9 

SCREEN ANGLE SURVEY DATA SHEET 
S i t e  Identification Close - In / Low Angle Screen 

Site Location tude  { 
Skyline / Distant Screen 

L a t i t u d e  

Survey Elevat ion ( A G L )  Recorder 
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f .  Enter  t h e  est imated o r  measured d i s t a n c e  t o  t h e  screening  ob jec t  
and i d e n t i f y  t h e  screen  ob jec t  a s  " d i s t a n t  horizon,"  "bui ld ings ,"  
"nearby t r e e s , "  e t c .  i n  t h e  l a s t  columns. Distance e s t ima te s  can 
be made by r e fe rence  t o  known landmarks o r  by s tudy of  accu ra t e  
s i t e  v i c i n i t y  topographical  maps. 

g. Repeat s t e p s  c ,  d ,  e ,  and f u n t i l  a l l  d a t a  a r e  obta ined  through 
3600 i n  azimuth. Frequent checks should be made t o  s e e  t h a t  t h e  
instrument  remains l e v e l  a s  sc reening  measurements p rog res s .  Par- 
t i c u l a r  a t t e n t i o n  should be given t o  t h e  bubble whose a x i s  i s  
p a r a l l e l  t o  t h e  a x i s  of t h e  t e l e scope ,  and any necessary r e a d j u s t -  
ments of  t h e  l eve l ing  screws should be made. 

49. PANORAMIC PHOTOGRAPHS. 

a .  The panoramic photograph i s  intended t o  provide a p i c t o r i a l  repre-  
s e n t a t i o n  of  t h e  v i s i b l e  s k y l i n e  a s  viewed from t h e  r a d a r  s i t e  
and, a l s o ,  t o  show t h e  c h a r a c t e r  o f  t h e  surrounding t e r r a i n ,  
bu i ld ings ,  fences ,  e t c . ,  comprising t h e  r e f l e c t i o n  s u r f a c e s  f o r  
t h e  ASR/ATCBI. I t  a l s o  servks  t o  supplement t h e  measured screen  
angle  d a t a  by emphasizing s igni f ican; -poin ts  of  mer i t  when a s ses -  
i ng  and comparing t h e  var ious  s i t e  l o c a t i o n s .  

b .  The process  of ob ta in ing  a panoramic view of t h e  s i t e  surroundings 
c o n s i s t s  of  success ive  t akes  of a s  many sepa ra t e  exposures a s  a r e  
r equ i r ed  t o  photograph t h e  360° azimuth about t h e  s i t e .  I t  i s  . 

recommended t h a t  each photograph extend over a maximum of 20° i n  
azimuth, r equ i r ing  a t o t a l  of a t  l e a s t  18 t o  19 photographs t o  
o b t a i n  t h e  f u l l  360° panoramic. Panoramics should be taken a t  
each of t h e  antenna he igh t s  from which t h e  screen  ang le  measure- 
ments were taken.  

c .  The fol lowing procedures  may be used a s  a guide i n  t ak ing  t h e  
panoramic photographs: 

(1) Load t h e  camera. Daylight black-and-white o r  c o l o r  f i l m  of 
f i n e - g r a i n ,  moderate speed (ASA 125 f o r  black-and-white,  ASA 
64 f o r  co lo r )  i s  recommended. 

(2) Mount t h e  camera on t h e  t r i p o d  a t  t h e  antenna he igh t  used i n  
making t h e  screen  angle  measurements. 

(3)  Bring t h e  camera t o  a f i n e  focus on t h e  horizon us ing  t h e  
focus a d j u s t .  Scan t h e  camera 3600 i n  azimuth t o  a s s u r e  t h a t  
t h e  d i s t a n t  sc reening  p r o f i l e  f a l l s  wi th in  t h e  f i e l d  of  view. 

( 4 j  S e l e c t  an appropr i a t e  f i l t e r  t o  compensate f o r  any haze,  
g l a r e ,  shadow, o r  overcas t  condi t ions  t h a t  may p r e v a i l .  

(a)  For black-and-white panchromatic f i lm ,  yellow (K2, No. 
81, deep yellow ( G ,  No. IS) ,  and red  f i l t e r s  (A, No. 25) 
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g ive  p rog res s ive ly  g r e a t e r  haze p e n e t r a t i o n  i n  t h a t  
o rde r .  In  a d d i t i o n ,  t h e s e  f i l t e r s  provide p rog res s ive ly  
sharper  c o n t r a s t  between clouds and t h e  sky, bu i ld ings  
and t h e  f o l i a g e ,  e t c .  

Po la r i z ing  f i l t e r s  a r e  extremely use fu l  i n  e i t h e r  black-  
and-white o r  co lo r  photography. They do not  a l t e r  any 
of  t h e  c o l o r s  i n  t h e  scene,  bu t  i n t e n s i f y  them by r e -  
moving g l a r e  from t i n y  r e f l e c t i o n s  t h a t  a r e  l a r g e l y  i n -  
v i s i b l e  t o  t h e  naked eye. They a r e  a l s o  u s e f u l  i n  con- 
t r o l l i n g  r e f l e c t i o n s  from non-meta l l ic  s u r f a c e s  such a s  
g l a s s ,  p l a s t i c ,  s tone ,  pa in t ed  s t r u c t u r e s ,  e t c .  Polar -  
i z i n g  f i l t e r s  a l s o  darken b lue  sky and gene ra l ly  i n t en -  
s i f y  sharp d e t a i l .  

In  c o l o r  photography, t h e  e f f e c t  o f  atmospheric haze i s  
t o  r e f l e c t  i n v i s i b l e  u l t r a v i o l e t  r a d i a t i o n  which i n  
t u r n  causes an excess ive  b lu i shness .  These e f f e c t s  can 
be cu t  down o r  e l imina ted  by us ing  a  s k y l i t e  (1A) o r  
u l t r a v i o l e t  (W) f i l t e r .  

Or ien t  t h e  camera with r e spec t  t o  t r u e  no r th  o r  wi th  r e spec t  
t o  some known re fe rence  p o i n t  i n  azimuth. Record t h e  azimuth 
r e fe rence  p o i n t .  

From t h e  l i gh t -me te r  reading ,  s e l e c t  t h e  va lues  f o r  s h u t t e r  
speed and a p e r t u r e  ( f - s t o p ) .  S e l e c t  t h e  h ighes t  a p e r t u r e  
( l a r g e r  than  f /8 )  p o s s i b l e  f o r  a  1/125 second o r  f a s t e r  shut -  
t e r  speed. The h ighe r  t h e  f-number, t h e  g r e a t e r  t h e  depth of 
f i e l d  obta ined .  A new speed and a p e r t u r e  s e t t i n g  is  usua l ly  
r equ i r ed  about f o u r  t imes i n  360° un le s s  t h e  sun i s  d i r e c t l y  
overhead and t h e r e  a r e  no clouds.  I f  a  f i l t e r  i s  used f o r  
b e t t e r  d e f i n i t i o n ,  c o n t r a s t ,  e t c . ,  t h e  f-number o r  s h u t t e r  
speed should be co r r ec t ed  i n  accordance wi th  t h e  f i l t e r  manu- 
f a c t u r e r ' s  i n s t r u c t i o n s .  

Make a s  many exposures a s  may be requi red  t o  ob ta in  t h e  com- 
p l e t e  panoramic. Each frame should inc lude  about a  degree 
of  overlap between success ive  frames t o  minimize end d i s -  
t o r t i o n  and al low f o r  waste i n  t h e  p r i n t i n g  process  and l a t e r  
assembly of t h e  complete panoramic. S ince  each frame w i l l  
cover approximately 20° i n  azimuth, approximately 19 expo- 
s u r e s  w i l l  b e  needed t o  photograph t h e  f u l l  3600 azimuth. 

Make such no te s  a s  may be r equ i r ed  t o  i d e n t i f y  t h e  s e p a r a t e  
t a k e s .  Azimuth r e fe rences  t o  prominent sky l ine  f e a t u r e s  a r e  
e s p e c i a l l y  worthwhile. A simple r eco rd  of each photo taken 
w i l l  e l imina te  t ak ing  two s h o t s  of  one azimuth o r  double 
exposure. I t  i s  recommended t h a t  t h e  f i l m  f o r  any one l e v e l  
be processed and inspec ted  p r i o r  t o  removing o r  lowering t h e  
s c a f f o l d  tower.  

Chap 3 
Par  49 Page 2 1 1  



50. ADDITIONAL DATA. I n  a d d i t i o n  t o  photographs and screen  ang le  measure- 
ments, observa t ions  made a t  t h e  t ime o f  pre l iminary  s i t e  i n spec t ion ,  
and recorded on t h e  S i t e  Inspec t ion  Worksheet ( f i g u r e  3-6),  should be  
v e r i f i e d  and r e f i n e d  where necessary  dur ing  t h e  s i t e  survey.  In  par-  
t i c u l a r ,  c a r e f u l  examination of  t h e  surroundings f o r  sources o f  c l u t -  
t e r ,  v e r t i c a l  lobing,  and r e f l e c t i n g  s u r f a c e s  should be made f o r  each 
s i t e  surveyed. Data recorded should inc lude :  

C l u t t e r  Est imates:  

( 1  General t e r r a i n  t y p e ( s ) .  

(2) Range and azimuth dimensions of  a r e a s  where severe  c l u t t e r  
i s  expected. 

(3 )  Range and azimuth of p o t e n t i a l l y  l a r g e  permanent echoes. 

b.  V e r t i c a l  Lobine Est imates:  

(1) Location of  r e l a t i v e l y  smooth, h o r i z o n t a l  s u r f a c e s  wi th in  
t h e  r a d a r  f i e l d  o f  view. 

( 2 )  Maximum height  of  s u r f a c e  i r r e g u l a r i t i e s  i n  each a r e a .  

(3) Range and azimuth dimensions of each a r e a .  

c. Re f l ec to r  Est imates:  

(1) Location, o r i e n t a t i o n  of moderate t o  l a r g e  r e f l e c t i n g  su r f aces  
wi th in  2,500 f e e t  of s i t e .  

( 2 )  Location, o r i e n t a t i o n  of  l a r g e  r e f l e c t o r s  w i th in  5,000 f e e t  
of s i t e .  

(3) Estimated l eng ths ,  d i r e c t i o n ,  l o c a t i o n  of  v i s i b l e  roadways, 
r a i l r o a d  l i n e s ,  and runways. 

d .  Cost Data: A l l  d a t a  covering s o i l  cond i t i on ,  dra inage ,  s i t e  
p repa ra t ion ,  road acces s ,  e l e c t r i c a l  power, cab le  length  and 
rou t ing ,  duct l i n e s ,  handholes,  e t c . ,  necessary t o  e s t ima te  t o t a l  
cos t  of e s t a b l i s h i n g  ASR/ATCBI s i t e  a t  t h e  surveyed l o c a t i o n .  

SECTION 5 .  SITE ANALYSIS 

51. INTRODUCTION. In t h i s  s e c t i o n ,  methods and procedures f o r  process ing  
and analyzing information gathered from the  pre l iminary  s t u d i e s  and 
s i t e  survey a r e  presented .  The a n a l y s i s  procedures descr ibed  should 
be app l i ed  t o  each s i t e  a c t u a l l y  surveyed. This will provide  a  sys-  
temat ic  compilat ion of r ada r  and beacon performance informat ion ,  such 
t h a t  a  meaningful s i t e  recommendation can be formulated.  The r equ i r ed  
ana lyses  (descr ibed  i n  t he  fol lowing paragraphs) cover  t h e  fol lowing:  
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a. S i t e  panoramic photograph. 

b .  Screening a n a l y s i s .  

c .  LOS a l t i t u d e  coverage a n a l y s i s .  

d. ASR coverage a n a l y s i s .  

e .  Beacon coverage a n a l y s i s .  

f .  Beacon v e r t i c a l  lobing a n a l y s i s .  

g. ASR v e r t i c a l  lob ing  a n a l y s i s .  

h .  Beacon f a l s e - t a r g e t  a n a l y s i s .  

i .  C l u t t e r  a n a l y s i s .  

j .  Tangent ia l  course a n a l y s i s .  

k .  Second-time-around a n a l y s i s .  

1. Cost e s t ima te .  

m. Environmental impact a n a l y s i s .  

52. SITE PANORAMIC PHOTOGRAPH. The panoramic photographs obta ined  during 
t h e  s i t e  survey r ep resen t  an important p a r t  o f  t h e  d a t a  c o l l e c t e d .  
The major va lue  of t h e s e  photographs i s  a s  a  convenient r e f e rence  i n  
support  o f  cu r r en t  o r  f u t u r e  s i t e  i n v e s t i g a t i o n s  and a n a l y s i s .  Some 
a n t i c i p a t e d  a p p l i c a t i o n s  o f  t h e  photographs inc lude :  (a)  a  p i c t o r i a l  
d i s p l a y  o f  t h e  t e r r a i n  f e a t u r e s  about t h e  s i t e ,  (b) a  r e f e rence  a i d  
i n  i d e n t i f y i n g / l o c a t i n g  prominent o r  troublesome r e f l e c t i n g  o b j e c t s  
(bu i ld ings ,  hangars ,  fences ,  highway t r a f f i c ,  e t c . )  about t h e  s i t e ,  
(c)  a  check and c ros s - r e fe rence  f o r  sc reen  angle  t r a n s i t  d a t a ,  and 
(d) a  convenient r e f e rence  base f o r  t roubleshoot ing  of  f u t u r e  ASR/ 
ATCBI problems caused by modi f ica t ion  of  t h e  s i t e  v i c i n i t y  through 
cons t ruc t ion  ( e . g . ,  bu i ld ings ,  roads ,  grading)  and/or n a t u r a l  changes 
( e .g . ,  vege ta t ion  growth).  The panoramic photograph i s  prepared from 
t h e  ind iv idua l  overlapping exposures taken a t  t h e  antenna s i t e .  They 
should be  formed i n t o  a  s i n g l e  s t r i p  by matching, c u t t i n g ,  and jo in ing  
t h e  ind iv idua l  p r i n t s .  The assembled panoramic i s  then  marked t o  
i n d i c a t e  t h e  ca rd ina l  d i r e c t i o n s  i n  azimuth, l o c a l  h o r i z o n t a l ,  degrees 
azimuth and e l e v a t i o n ,  and s a l i e n t  p o i n t s  o r  o b j e c t s  appearing i n  t h e  
panoramic. 

53. SCREENING ANALYSIS. The purpose of t h i s  a n a l y s i s  i s  t o  determine t h e  
r ada r  antenna he ight  necessary t o  achieve 10s v i s i b i l i t y  t o  t h e  r e -  
qu i red  nav iga t iona l  f i x e s  from each of t h e  s i t e  l o c a t i o n s  considered.  
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This a n a l y s i s  i s  preceded by t h e  p repa ra t ion  of  a  sc reen  angle  graph. 
The screen  angle  graph i s  a  p l o t  of t h e  angular  e l eva t ion  of both t h e  
c l o s e - i n  and d i s t a n t  (o r  sky l ine )  10s p r o f i l e  a s  viewed 3600 i n  azimuth 
from each s i t e  l oca t ion  surveyed. The graph should be p l o t t e d  i n  t h e  
r e c t i l i n e a r  form shown i n  f i g u r e  3-10. 

a .  Prepara t ion  of Screen Angle Graph. 

(1) The r ada r  screen angle  graph i s  der ived  from o p t i c a l  sc reen  
angle da t a  taken during t h e  s i t e  survey and en te red  i n  t h e  
Screen Angle Survey Data Sheet  ( f i g u r e  3-9) .  Op t i ca l  sc reen  
angles  a r e  converted t o  r ada r  sc reen  angles  with t h e  a i d  of  
equat ion 2 - 1 2  (p. 85).  (The equat ion accounts f o r  "normal" 
r e f r a c t i o n  of r ada r  s i g n a l s  based on t h e  4/3 e a r t h  r ad ius  
model. A d e r i v a t i o n  i s  given i n  appendix 3 . )  This  equat ion 
i s  r e w r i t t e n  below t o  al low d i r e c t  computation of  angles  i n  
minutes.  

- - 3ds 
'rs eos  + 56 

where 

'rs = r a d a r  sc reening  angle  i n  minutes 

'0s = o p t i c a l  sc reening  angle i n  minutes 

dS = d i s t a n c e  t o  screen  o b j e c t  i n  n a u t i c a l  miles  

( 2 )  A f t e r  completing t h e  screening  p r o f i l e  p l o t s ,  t h e  azimuth 
and e l eva t ion  ang le  o f  each nav iga t iona l  f i x  should be  i d e n t i -  
f i e d  and marked d i r e c t l y  on the  screen  angle  graph. The 
azimuth and e l e v a t i o n  angles  o f  runway f i x e s  should a l s o  be 
p l o t t e d  on t h e  screen  angle graph. These a r e  l oca t ed  a t  
300 f e e t  a g l ,  and a t  a po in t  1 nmi from t h e  ends of each 
runway. 

(3)  Determination and p l o t t i n g  o f  a l l  f i x  l oca t ions  can be  f a c i l -  
i t a t e d  through d a t a  e n t r y  i n  columns C through H of t h e  10s 
coverage worksheet, FAA Form 6310-1 (11-73), shown i n  f i g u r e  
3-11. The f i x  azimuth and range da t a  of columns C and D a r e  
determined from map s t u d i e s ,  whereas f i x  he ight  i n  column E 
i s  ob ta ined  d i r e c t l y  from t h e  ATD coverage requirements .  Fix 
he ight  above t h e  survey he ight  (column F)  i s  determined by 
s u b t r a c t i n g  t h e  msl survey he igh t  from each of t h e  va lues  i n  
column E .  The e l eva t ion  angle of each f i x  (column G)  can 
then  be determined from equat ion 3-9 o f  appendix 3,  o r  from 
t h e  accompanying r ada r  coverage c h a r t s .  A s  an a d d i t i o n a l  
s t e p  it i s  advised t h a t  t h e  e l e v a t i o n  angle  of each f i x  be 
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reduced by a  s a f e t y  f a c t o r  of 5  minutes t o  account f o r  uncer- 
t a i n t i e s  due t o  t r a n s i t  measurements, p l o t t i n g ,  range e s t i -  
mation e r r o r s ,  e t c .  This  corresponds t o  a  lowering of  t h e  
m s l  a I t i t u d e  o f  a  f i x  l oca t ed  a t  60 nmi by approximately 500 
f e e t .  A s  range t o  t h e  f i x  decreases ,  t h i s  a l t i t u d e  s a f e t y  
f a c t o r  w i l l  become correspondingly sma l l e r .  The ad jus t ed  
e l e v a t i o n  angles  a r e  recorded i n  column H of  t h e  worksheet,  
and t h e  l o c a t i o n  o f  t h e  ad jus t ed  f i x e s  p l o t t e d  on t h e  screen  
ang le  graph. 

(4) Radar screen  angles  at t h e  azimuth of each f i x  can be de t e r -  
mined d i r e c t l y  from t h e  sc reen  angle  graph and recorded i n  
column I o f  t h e  worksheet. F i n a l l y ,  column J o f  t h e  work- 
shee t  i s  completed as fo l lows .  I f  t h e  ad jus t ed  f i x  e l e v a t i o n  
angle  (column H) i s  g r e a t e r  t han  t h e  measured r a d a r  sc reening  
angle  (column I ) ,  f u l l  10s coverage i s  provided.  On t h e  
o t h e r  hand, i f  t h e  screening  angle  i s  g r e a t e r  than  t h e  meas- 
ured  f i x  e l e v a t i o n  ang le  (column G), no 10s coverage i s  
p o s s i b l e .  For t h e  in t e rmed ia t e  cond i t i on ,  where t h e  r a d a r  
sc reen  angle  i s  between t h e  columns G and H ,  coverage i s  con- 
s i d e r e d  marginal because o f  t h e  u n c e r t a i n t y  in t roduced  by t h e  
5-minute s a f e t y  f a c t o r .  Worksheet column K e n t r i e s  a r e  d i s -  
cussed i n  paragraph 55 below. 

b .  Analysis .  

(1) An a n a l y s i s  o f  t h e  screen  angle  graph should be made t o  
answer t h e  fol lowing:  

(a)  Are a l l  nav iga t iona l  f i x e s  v i s i b l e  from t h e  s i t e  a t  t h e  
antenna he igh t  s e l ec t ed?  

(b) I f  a l l  f i x e s  a r e  v i s i b l e ,  t o  what minimum h e i g h t  can t h e  
antenna be lowered and s t i l l  provide  10s v i s i b i l i t y ?  

(c)  I f  some f i x e s  a r e  screened from 10s v i s i b i l i t y ,  t o  what 
he ight  must t h e  antenna be  r a i s e d  i n  o rde r  t o  provide 
10s v i s i b i l i t y ?  

The answer t o  t h e  f i r s t  ques t ion  can be found by in spec t ion  
of t h e  screen  angle  graph. Navigat ional  f i x e s  above t h e  
screen  ang le  p r o f i l e  a r e  v i s i b l e ;  t hose  below a r e  n o t .  One 
s p e c i a l  case ,  however, may develop where t h e  answer i s  not  so  
obvious. This  occurs  when t h e  nav iga t iona l  f i x  l i e s  somewhere 
between t h e  c l o s e - i n  and d i s t a n t  sc reening  p r o f i l e s  a s  i l l u s -  
t r a t e d  by f i x  6 i n  f i g u r e  3-10. In such i n s t a n c e s ,  it w i l l  
be necessary  t o  determine i f  t h e  range t o  t h e  f i x  f a l l s  wi th in  
t h e  range between t h e  c lose - in  and d i s t a n t  sc reen  o b j e c t s .  
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(3) For t h e  case  when a l l  nav iga t iona l  f i x e s  a r e  l oca t ed  above t h e  
sc reen  p r o f i l e ,  i t  is  appropr i a t e  t o  cons ide r  how much t h e  
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antenna can be lowered and s t i l l  provide  10s v i s i b i l i t y  t o  
a l l  f i x e s .  This  w i l l  be d i c t a t e d  by t h a t  nav iga t iona l  f i x  
whose e l e v a t i o n  ang le  i s  c l o s e s t  t o  t h e  screen  e l e v a t i o n  pro-  
f i l e  i n  t h e  screen  angle  graph. For example, l e t  t h e  f i x  
des ignz ted  10 i n  f i g u r e  3-10 r ep resen t  t h e  c l o s e s t  f i x  t o  t h e  
screening  p r o f i l e  ( f o r  purposes of t h i s  d i scuss ion ,  we have 
assumed t h a t  f i x e s  3 and 6 a r e  not  p r e s e n t ) .  The angular  
displacement between t h e  f i x  and t h e  screen  p r o f i l e  i s  shown 
a s  A 1 .  I f  t h e  f i x  is loca t ed  a t  a  d i s t a n c e  g r e a t e r  than t h a t  
of t h e  screening  o b j e c t ,  lowering t h e  antenna he igh t  r e s u l t s  
i n  a  r educ t ion  of A 1 .  (For f i x e s  whose d i s t ances  a r e  l e s s  
than  t h a t  o f  t h e  screening  o b j e c t ,  lowering of  t h e  antenna 
he ight  INCREASES A 1 .  Hence, i n  t h i s  i n v e s t i g a t i o n  we a r e  
concerned only wi th  t h e  f i x  having t h e  l e a s t  s e p a r a t i o n  a t  a  
d i s t a n c e  g r e a t e r  than  t h e  screening  o b j e c t . )  Assuming t h i s  
i s  t o  be t h e  case ,  t h e  va lue  of  A 1  determines t h e  ex t en t  t o  
which t h e  antenna can be lowered. This  is given by t h e  f o l -  
lowing equat ion (which i s  der ived  i n  appendix 3 ) :  

where : 

h2 
= lowered antenna he igh t  i n  f e e t  

h l  
= antenna he igh t  i n  f e e t  a t  which survey da t a  was 

taken 

df 
= d i s t a n c e  t o  nav iga t iona l  f i x  i n  n a u t i c a l  miles  

ds 
= d i s t a n c e  t o  screening  o b j e c t  i n  n a u t i c a l  miles  

1 A ~ I =  magnitude of  angular  s epa ra t ion  between f i x  and 
screening  o b j e c t  measured from t h e  graph i n  
minutes . 

( 4 )  For t h e  case  where a  nav iga t iona l  f i x  i s  screened o r  l i e s  
below t h e  sc reen  angle p r o f i l e  a  s i m i l a r  a n a l y s i s  i s  made t o  
determine t h e  he ight  t o  which t h e  antenna must be r a i s e d  t o  
provide  t h e  des i r ed  10s v i s i b i l i t y .  Here, however, t h e  
angular  s epa ra t ion ,  A2, of  concern, i s  t h a t  def ined  by t h e  
f i x  having t h e  l a r g e s t  angular  displacement below t h e  screen  
p ro f i l e .  I n  f i gu re  3-10, f i x  3 is shown a s  being the  one 
f u r t h e s t  below t h e  screen  p r o f i l e  and thus  becomes t h e  de- 
f i n i n g  A 2  f o r  r a i s i n g  t h e  antenna h e i g h t .  The va lue  t o  which 
t h e  antenna should be  r a i s e d  i s  given by t h e  fol lowing 
equat ion : 
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where h l ,  d f ,  and ds a r e  t h e  same a s  i n  t h e  previous  equat ion,  
and : 

h2 
= r a i s e d  antenna he ight  i n  f e e t  

A 2  
= magnitude of angular  s epa ra t ion  i n  minutes when 

t h e  f i x  l i e s  below t h e  screen  p r o f i l e  

(5) I t  should be noted t h a t  t h e  accuracy t o  which t h e  antenna 
he igh t s  can be determined from t h e  above two equat ions  de- 
pends s i g n i f i c a n t l y  on t h e  fol lowing two f a c t o r s .  (Uncer- 
t a i n t i e s  i n  A have been accounted f o r  p rev ious ly  i n  terms 
o f  t h e  5-minute s a f e t y  f a c t o r  used . )  

(a )  The r a t i o  df/ds o f  t h e  f i x  d i s t a n c e  t o  t h e  screening  
obj  e c t  d i s t a n c e ,  and 

(b) The accuracy i n  measuring t h e  two d i s t ances  df and ds 
( e i t h e r  from map s t u d i e s  o r  t h e  r ange f inde r ) .  

(6) Mathematically,  i f  t h e  accuracy i n  determining t h e  d i s t ances ,  
df and d,, i s  x%, then  t h e  worst p o s s i b l e  percentage  e r r o r  
i n  t h e  antenna he igh t  i s  given by t h e  equat ion:  

( 7 )  To a s s i s t  i n  determining t h e  percentage  e r r o r  i n  t h e  antenna 
he igh t s  ob ta ined  us ing  t h e  above techniques ,  a  p l o t  o f  t h e  
above equat ion f o r  var ious  combinations of x  and df/ds i s  
shown i n  f i g u r e  3-12. A review of  t h e s e  p l o t s  r e v e a l s  a 
s i g n i f i c a n t  l o s s  i n  accuracy as t h e  d i s t a n c e  between t h e  f i x  
and screen  ob jec t  decreases .  The screening  a n a l y s i s  pro- 
cedure i s  i l l u s t r a t e d  i n  appendix 6. 

(8) The s i g n i f i c a n t  r e s u l t  ob ta ined  i n  t h e  above a n a l y s i s  i s  t h e  
minimum antenna he ight  necessary  t o  provide  10s v i s i b i l i t y  
t o  a l l  f i x e s  from a given s i t e  l oca t ion .  I n  most ca ses ,  how- 
ever ,  t h i s  minimum height  w i l l  no t  be p h y s i c a l l y  r e a l i z a b l e  
beczuse ASR/ATCRBS tower he igh t s  can only be  v a r i e d  i n  10- 
f o o t  increments.  Hence, t h e  a c t u a l  minimum antenna he igh t  
t o  be  s p e c i f i e d  w i l l  correspond t o  t h e  n e a r e s t  ach ievable  
he ight  above t h e  minimum value  determined from t h e  screening  
a n a l y s i s .  
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FIGURE 3-12. PERCENT ERROR IN ANTENNA HEIGHT AS A FUNCTION 
OF SCREEN OBJECT AND FIX DISTANCE 
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54. LOS ALTITUDE COVERAGE ANALYSIS. Radar 10s coverage of  t h e  c o n t r o l l e d  
a i r s p a c e  can be  r e a d i l y  determined wi th  t h e  a i d  of  a 10s boundary d i a -  
gram. The diagram is  a p lan  view of  t h e  r ada r  range v i s i b i l i t y  limits 
about t h e  antenna s i t e  a t  s p e c i f i c  a l t i t u d e  l e v e l s .  I t  i s  prepared 
us ing  t h e  r a d a r  sc reening  angle  d a t a  i n d i c a t e d  i n  f i g u r e  3-9 and 
o f f e r s  a d i f f e r e n t  pe r spec t ive  f o r  a s se s s ing  r a d a r  v i s i b i l i t y  than  
t h a t  o f  t h e  screen-angle graph. I t s  major use  i s  i n  a s s e s s i n g  10s 
v i s i b i l i t y  of  a i r  rou te s  between t h e  nav iga t iona l  f i x e s  i n  t h e  te rmina l  
a r ea .  Also, s i n c e  t h e  diagram i s  p l o t t e d  on p o l a r  coord ina te  paper  
and shows a l l  a i r - r o u t e s  i n  t h e  te rmina l  a r e a s ,  it i s  convenient t o  
use  i n  i d e n t i f y i n g  and l o c a t i n g  t a n g e n t i a l  course problems f o r  subse- 
quent  s t u d i e s .  

a .  P repa ra t ion  of LOS Boundary Diagrams. The r a d a r  10s boundary d i a -  
gram should be  prepared on FAA Drawing D-50979-1 ( f i g u r e  3-13) o r  
i t s  equiva len t .  Because o f  t h e  numerous a l t i t u d e  l e v e l s  a t  which 
a i r c r a f t  can ope ra t e  i n  t h e  te rmina l  a r e a ,  it is adv i sab le  t o  
cons ider  p l o t t i n g  s e v e r a l  boundary diagrams us ing  d i f f e r e n t  range/ 
a l t i t u d e  s c a l i n g  i n  o rde r  t o  avoid confusion.  The choice  of  a l t i -  
t ude  l e v e l s  of  i n t e r e s t  w i l l  depend upon t h e  a l t i t u d e  l e v e l s  t h e  
a i r c r a f t  w i l l  f l y  i n  t h e  te rmina l  a i r space .  Best r e s u l t s  a r e  ob- 
t a i n e d  i f  a l t i t u d e s  o f  about 300 f e e t ,  600 f e e t ,  and 1,000 f e e t  
above t h e  r a d a r  antenna a r e  considered on one diagram and a sec-  
ond diagram prepared f o r  1,000, 2,000, 3,000, 4,000, and 5,000 
f e e t  l e v e l s .  Boundary diagrams f o r  o t h e r  a l t i t u d e  l e v e l s ,  e i t h e r  
above o r  below t h e  r ada r  antenna, may a l s o  be  prepared  as neces- 
s a r y  t o  determine t h e  minimum v i s i b l e  a l t i t u d e s  a t  t h e  maximum 
range ( ~ 6 0  nmi) f o r  t h e  ASR. The appropr i a t e  m s l  a l t i t u d e  should 
be marked on each p l o t t e d  10s contour .  

b.  Procedures.  

The necessary  information t o  cons t ruc t  t h e  10s boundary d i a -  
gram i s  obta ined  from t h e  t r a n s i t  d a t a  taken i n  t h e  f i e l d .  
The 10s a l t i t u d e / r a n g e  c u t o f f  worksheet ( f i g u r e  3-14), FAA 
Form 6310-2 (11-73), i s  a convenient means o f  t a b u l a t i n g  t h e  
information concerning screen  angles ,  azimuth s e c t o r s ,  and 
t h e  r e s u l t a n t  10s c u t o f f  range t o  t h e  va r ious  a l t i t u d e  l e v e l s  
o f  i n t e r e s t .  I n  t r a n s f e r r i n g  d a t a  from t h e  sc reen  ang le  sur -  
vey d a t a  s h e e t  ( f i g u r e  3-9) t o  t h e  10s a l t i t u d e / r a n g e  c u t o f f  
worksheet, it i s  recommended t h a t ,  t o  avoid meanin i less  d e t a i l  
i n  t h e  p l o t ,  s u i t a b l e  averaging o r  quant iz ing  techniques be 
made t o  en l a rge  t h e  azimuth s e c t o r s  t o  be  p l o t t e d .  One such 
approach i s  t o  de f ine  azimuth s e c t o r s  on t h e  b a s i s  t h a t  t h e  
screening  ang le  p r o f i l e  w i th in  t h e  s e c t o r  does n o t  vary  by 
more than  10 minutes .  The screening  angle  over t h i s  azimuth 
s e c t o r  i s  then  t e s t e d  a s  being cons tan t .  To e l i m i n a t e  any 
e r r o r s  i n  subsequent a n a l y s i s  of t h e  10s boundary diagram, 
t h e  maximum screen ang le  over  t h i s  azimuth s e c t o r  should be  
used f o r  determining t h e  corresponding range c u t o f f  d i s t ances  
a s  a func t ion  of a l t i t u d e .  
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FIGURE 3-13. POLAR COVERAGE CHART 
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(2) For each azimuth s e c t o r  quant ized,  t h e  azimuth angles  bounding 
those  s e c t o r s  should b e  en tered  i n  column 1 of t h e  worksheet 
and t h e  corresponding r a d a r  sc reen  ang le  en tered  i n  c o l m  2.  
The screen  d i s t a n c e  e n t r i e s  (column 3) should correspond t o  
t h e  range t o  t h e  sc reen  o b j e c t  wi th  t h e  l a r g e s t  p o s i t i v e  screen  
ang le  o r  l a r g e s t  ang le  i n  a  p o s i t i v e  d i r e c t i o n  i f  t h e r e  a r e  
o b j e c t s  wi th  a  nega t ive  screen  angle.  The o b j e c t  de f in ing  
t h i s  angle  should then  be i d e n t i f i e d  by name i n  column 4. A l l  
o t h e r  o b j e c t s  w i th in  t h i s  same azimuth s e c t o r  a r e  d is regarded .  

(3) Knowing t h e  a l t i t u d e  ( r e l a t i v e  t o  t h e  m s l  e l e v a t i o n  o f  t h e  
antenna) and t h e  screen  angle ,  t h e  cu t -o f f  ranges f o r  t h e  
va r ious  a l t i t u d e  l e v e l s  of  i n t e r e s t  a r e  determined from a  4 /3  
ea r th - r ad ius  screen  angle  c h a r t  given i n  appendix 3. Af te r  
a l l  e n t r i e s  a r e  complete, t h e  r ada r  10s coverage aiagram 
( i l l u s t r a t e d  i n  f i g u r e  3-15) is  p l o t t e d  a s  fo l lows:  

(a)  With t h e  proposed s i t e  l oca t ed  a t  t h e  c e n t e r ,  mark o f f  
t h e  azimuth s e c t o r s  def ined  f o r  t h e  screen  angles  i n  t h e  
worksheet. 

(b) Using t h e  cu t -of f  range f o r  t h e  a l t i t u d e  of i n t e r e s t ,  a s  
t h e  r a d i i ,  draw an a r c  enc los ing  t h e  azimuth s e c t o r .  

(c)  Repeat s t e p  (b) f o r  each azimuth s e c t o r  l i s t e d  on t h e  
worksheet. 

(d) Connect t h e  a r c  lengths  by t h e  r a d i a l  l i n e  segments be- 
tween success ive  azimuth s e c t o r s .  

(e )  Repeat s t e p s  (b) through (d) f o r  each a l t i t u d e  o f  i n t e r -  
e s t .  To f a c i l i t a t e  ea se  i n  subsequent s t u d i e s ,  d i f f e r e n t  
range s c a l e s  may be requi red  f o r  p l o t t i n g  t h e  va r ious  
a l t i t u d e  contours .  In  such cases ,  it i s  recommended t h a t  
more than one diagram be  prepared.  

( f )  Complete t h e  drawings by l abe l ing  t o  show a l t i t u d e s ,  t r u e  
no r th ,  map s c a l e ,  s i t e  i d e n t i f i c a t i o n ,  e t c .  

(4)  A f t e r  cons t ruc t ing  t h e  r a d a r  10s coverage diagram(s) ,  t h e  
nav iga t iona l  f i x e s  about t 5 e  te rmina l  a i r s p a c e  should be lo-  
ca t ed  and marked d i r e c t l y  on t h e  diagram. The azimuth and 
d i s t a n c e  o f  each f i x  r e l a t i v e  t o  t h e  s i t e  l o c a t i o n  can be ob- 
t a i n e d  d i r e c t l y  from t h e  screen-angle graph and map study 
computations prepared e a r l i e r .  A l l  in te rconnect ing  a i r  r o u t e s  
a r e  then drawn i n  s t r a i g h t  l i n e s  between t h e  va r ious  f i x e s  and 
l abe l ed .  The minimum msl a l t i t u d e  a t  which a i r c r a f t  can oper- 
a t e  ( s p e c i f i e d  by ATD, f l i g h t  s a f e t y ,  and moca c h a r t s )  over  
t h e  a i r  rou te s  shown, should be marked d i r e c t l y  on t h e  d i a -  
gram a longs ide  each a i r  r o u t e  l i n e  segment. 
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FIGURE 3-15. RADAR LOS BOUNDARY DIAGRAM 
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c .  Analysis .  

(1) Two genera l  r e s u l t s  can be obta ined  from an a n a l y s i s  of  t h e  
combined r ada r  10s coverage and a i r  rou te  diagram. One i s  t c  
e s t a b l i s h  t h e  10s v i s i b i l i t y ,  o r  lack  t h e r e o f ,  o f  a i r c r a f t  
ope ra t ing  a t  t h e i r  r e s p e c t i v e  minimum a l t i t u d e s  over  each a i r  
r o u t e  i n  t h e  te rmina l  a r ea .  The second i s  t o  i d e n t i f y  and 
l o c a t e  a l l  p o t e n t i a l  t a n g e n t i a l  course problems t h a t  can de- 
velop a s  a i r c r a f t  t r a v e l  over t h e s e  a i r  rou te s .  

(2) To e s t a b l i s h  v i s i b i l i t y  o f  t h e  a i r  r o u t e s ,  t h e  minimum oper- 
a t i n g  a l t i t u d e  of each a i r  r o u t e  segment i s  examined r e l a t i v e  
t o  t h e  r a n g e / a l t i t u d e  contour  p l o t s .  The r u l e  f o r  e s t a b l i s h -  
ing  v i s i b i l i t y  o f  any p o i n t  a long t h e  a i r  r o u t e  i s  a s  fo l lows:  

The range and azimuth of  t h e  p o i n t  along t h e  a i r  
r o u t e  must f a l l  w i th in  a reg ion  bounded by a  contour  
whose a l t i t u d e  i s  lower than  t h a t  s p e c i f i e d  f o r  t h e  
a i r  r o u t e .  

(3) Clear ly ,  when a l l  p o i n t s  a long an a i r  rou te  segment meet t h i s  
c r i t e r i a  t h e  e n t i r e  segment w i l l  b e  v i s i b l e .  Any sequence of  
p o i n t s  no t  meeting t h i s  c r i t e r i a  should be  marked and bounded 
by a  cross-hatched r e c t a n g l e  t o  i n d i c a t e  t h e  lack  o f  10s 
v i s i b i l i t y .  

(4) Tangent ial  course condi t ions  where t h e  m t i  c a p a b i l i t y  of  t h e  
ASR may be  s e r i o u s l y  impaired can be i d e n t i f i e d  by not ing  on 
t h e  combined a l t i t u d e  con tou r / a i r  r o u t e  diagram where, i f  any 
a i r  rou te s  a r e  tangent  o r  n e a r l y  tangent  t o  any diameter  c i r -  
c l e  about t h e  s i t e  l oca t ion .  These p o t e n t i a l  problem zones 
should be marked and/or t a b u l a t e d  f o r  f u r t h e r  i n v e s t i g a t i o n s  
a s  d iscussed  i n  paragraph 60. 

(5) I f  it should be d e s i r e d  t o  extend t h e  coverage a n a l y s i s  t o  
inc lude  a  runway approach coverage a n a l y s i s  ( i . e . ,  coverage 
t o  touchdown) a . c h a r t  such a s  t h e  one i l l u s t r a t e d  i n  f i g u r e  
8 of appendix 3 may be u s e f u l  f o r  p re sen t ing  g l i d e  s l o p e  
coverage. An i l l u s t r a t i v e  example of t h e  a p p l i c a t i o n  of  10s 
a n a l y s i s  procedures  i s  given i n  appendix 6 .  

55. ASR COVERAGE ANALYSIS. 

a .  In t roduct ion .  For an ASR s i t e  t o  provide adequate s u r v e i l l a n c e  of 
t h e  c o n t r o l l e d  a i r s p a c e ,  two condi t ions  must be  met, namely, (1) a l l  
r equ i r ed  nav iga t iona l  f i x e s  must b e  v i s i b l e  on a  d i r e c t  10s from t h e  
r a d a r  and (2)  given 10s v i s i b i l i t y ,  t h e  r a d a r  must be  capable of 
d e t e c t i n g  a l l  a i r c r a f t  o f  i n t e r e s t  a t  t h e  range and a l t i t u d e  o f  each 
f i x .  LOS v i s i b i l i t y  of  each f i x  ( o r  i t s  absence) has  been determined 
through t h e  previous  a n a l y s i s .  I n  t h e  procedure o u t l i n e d  he re ,  
p l o t s  of ASR v e r t i c a l  d e t e c t i o n  c a p a b i l i t y  a r e  used t o  determine 
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t h e  adeqilacy of FREE-SPACE r a d a r  coverage f o r  t h e  a n t e n n a  h e i g h t  
s e l e c t e d  and a  nominal an tenna  t i l t .  I n  a d d i t i o n ,  t h e  a n a l y s i s  pro- 
v i d e s  i n f o r m a t i o n  or! t h e  maximum p e r m i s s i b l e  t i l t  a n g l e  w i t h o u t  l o s s  
of r a d a r  coverage.  Th is  r e p r e s e n t s  re f inement  o f  a  s i m i l a r  a n a l y s i s  
( s e e  pa ragraph  38b(2)) c a r r i e d  o u t  d u r i n g  p r e l i m i n a r y  work. 

5 .  Radar Coverage I n d i c a t o r  Char t .  The p rocedures  g iven  h e r e  make u s e  
of t h e  r a d a r  coverage  i n d i c a t o r  ( r c i )  c h a r t  of f i g u r e  3-16, t o g e t h e r  
w i t h  an a p p r o p r i a t e  r c i  o v e r l a y  c h a r t  ( f i g u r e s  3-17 th rough  3-21). 
(The drawings  f o l l o w i n g  i n  t h e  body of t h e  t e x t ,  f i g u r e s  3 -16 through  
3-21, a r e  samples .  The a c t u a l  o v e r l a y  c h a r t s  a r e  c o n t a i n e d  i n  t h e  
supp lementa l  drawing f o l d e r  bound a t  t h e  end of t h i s  volume.) The 
l a t t e r  g i v e  f r e e - s p a c e  ASR coverage  of a  T-33 a i r c r a f t  under  s e v e r a l  
po l a r i z a t  i o n l c l i m a t o l o g i c a l  c o n d i t i o n s .  

c .  Overlay Char t  S e l e c t i o n .  S i n g l e  o v e r l a y  c h a r t s  c o n t a i n i n g  coverage  
c o n t o u r s  r e p r e s e n t i n g  t h r e e  c o n d i t i o n s  ( i . e . ,  l p - - f a i r  w e a t h e r ,  cp-- 
f a i r  w e a t h e r ,  cp--heavy r a i n )  a r e  g iven  f o r  t h e  ASR-GB, 5, and 6 ,and 
f o r  t h e  ASR-7, r e s p e c t i v e l y .  Three c h a r t s  a r e  g i v e n ,  r e s p e c t i v e l y ,  
f o r  t h e  ASR-5E, 6E, 7E and ASR-8, each cover ing  one of t h e  propaga- 
t i o n  c o n d i t i o n s .  Gn t h e s e  c h a r t s  two coverage c o n t o u r s  a r e  shown, 
one f o r  ASR-5E, 6E, 7E o r  ASR-8 o p e r a t i o n  w i t h  t h e  main an tenna  only,  
and one f o r  ASR-SE, 6E. 7E o r  ASR-h o p e r a t i o n  i n  t h e  d u a l  beam mode. * 
The s i t i n g  e n g i n e e r  shou ld  s e l e c t  f o r  u s e  t h a t  r c i  o v e r l a y  c o n t o u r  
which cor responds  t o  t h e  r a d a r  b e i n g  s i t e d  and t h e  wors t -case  cl ima- 
t o l o g i c a l  c o n d i t i o n s  expec ted  a t  t h e  s i t e  l o c a l e .  

* d .  P rocedure .  Two s l i g h t l y  d i f f e r e n t  a n a l y s i s  p rocedures  a r e  d e s c r i b e d  
below, one a p p l i c a b l e  t o  ASR-4B, 5 ,  6 ,  and 7 r a d a r s ,  and t h e  o t h e r  
f o r  ASR-5E, 6E, 7E and 8 r a d a r s .  f 

(1 )  Procedure  f o r  ASR-4B, 5 ,  6 ,  and  7.  Using t h e  coverage r e q u i r e -  
ments e n t e r e d  i n  t h e  10s coverage  worksheet  ( f i g u r e  3-11), lo -  
c a t e  t h e  range and a d j u s t e d  e l e v a t i o n  a n g l e  of each  f i x  on t h e  
r c i  c h a r t  of f i g u r e  3-16. Also on t h i s  c h a r t ,  mark t h e  loca-  
t i o n s  of such  o t h e r  c r i t i c a l  coverage p o i n t s  a s  may b e  judged 
i m p o r t a n t .  When t h i s  i s  completed,  a p p l y  t h e  a p p r o p r i a t e  r c i  
o v e r l a y  c o n t o u r  (from f i g u r e  3-17 o r  3-18). The o v e r l a y  s h o u l d  
b e  i n i t i a l l y  a d j u s t e d  f o r  p r o p e r  a l ignment  and a  nominal  t i l t  
a n g l e  of 2.5O (nose  o f  beam). Using t h e  s e l e c t e d  c o n t o u r ,  * 
de te rmine  i f  coverage  of t h e  r e q u i r e d  f i x e s  can b e  a c h i e v e d .  
I f  t h e  f i x  l o c a t i o n  i s  w i t h i n  t h e  boundary of t h e  c o n t o u r ,  f r e e -  
s p a c e  r a d a r  coverage i s  p o s s i b l e ;  o t h e r w i s e ,  coverage i s  n o t  
a c h i e v e d .  Th is  i n f o r m a t i o n  i s  r e c o r d e d  i n  column K of t h e  10s 
coverage worksheet  ( f i g u r e  3-11). F u r t h e r ,  by r o t a t i n g  t h e  
o v e r l a y ,  de te rmine  and r e c o r d  t h e  maximum t i l t  a n g l e  which w i l l  
a l l o w  coverage o f  a l l  f i x e s .  The minimum a c c e p t a b l e  t i l t  a n g l e  
i s  de te rmined  p r i m a r i l y  from c l u t t e r  c o n s i d e r a t i o n s ,  as d i s -  
cussed  i n  pa ragraph  56. 
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SAMPLE 
A c t l ~ a l  ove r l ay  c h a r t s  a r e  
conta ined  i n  a supplement. 
a r y  drawing f o l d e r  a t  the  
end o f  t h i s  volume. 
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SAMPLE 

Actual overlay charts are contain- 
ed in a supplementary drawing 
folder at the end of this volume. 
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* FIGURE 3-18C. RCI  OVERLAY CHART, ASR-5E  AND 6E.  CP-HEAVY RAIN * 
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Actual overlay charts are contain- 
ed in a supplementary'drawing 
folder at the end of this volume. 
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Actual overlay charts are contain- 
ed i n  a supplementary drawing 
fo lder  a t  the end of t h i s  volume, 
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SAMPLE 

Actual overlay charts are contain- 
ed in a supplementary drawing 
folder at the end of this volume. 
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SAMPLE 

Actual overlay charts are contain- 
ed in a supplementary drawing 
folder at the end of this volume. 
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SAMPLE 

Actual overlay charts  are  contain- 
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C folder a t  the end of  t h i s  v o l m e .  
0, 
(C 

0, 

c a 
0 .- 
C a 
3 
Q, 
K 

- * 

Page 233 



* (2) Procedure f o r  ASR-5E, 6E, 7E and ASR-8. 

( a )  Using t h e  coverage requirements  e n t e r e d  i n  t he  10s cover- 
age worksheet  ( f i g u r e  3-11), l o c a t e d  t h e  range and a d j u s t e d  
e l e v a t i o n  ang le  of each  f i x  on the  r c i  . char t  of f i g u r e  3-16. 
Also on t h i s  c h a r t ,  mark t h e  l o c a t i o n s  of such o t h e r  c r i t i -  
c a l  coverage p o i n t s  as may be  'judged impor tan t .  When t h i s  
is completed, apply t h e  a p p r o p r i a t e  r c i  over lay  contour  
(from f i g u r e s  3-18A, 18B, 18C, 18D, 18E, 18F, 19, 20, o r  21) .  
The ove r l ay  should  be  i n i t i a l l y  a d j u s t e d  f o r  p roper  a l i g n -  
ment and a  nominal t i l t  ang le  of O.SO f o r  t h e  lower 3  dB 
p o i n t  of t h e  main beam ( t h e  corresponding tilt angle  f o r  t h e  
nose of t h e  beam is 2. So). Using t h e  main beam only con- 
t o u r  from t h e  s e l e c t e d  c h a r t ,  determine i f  coverage of t h e  
r equ i r ed  f i x e s  can be  achieved.  I f  t he  f i x  l o c a t i o n  is 
w i t h i n  t he  boundary of t he  contour ,  coverage is  p o s s i b l e  ; 
o t h e w i s e ,  coverage is n o t  achieved.  This  in format ion  is  
recorded i n  column K of  t h e  10s coverage worksheet ( f i g u r e  
3-11). F u r t h e r ,  by r o t a t i n g  t h e  ove r l ay ,  determine and 
record  t h e  maximum t i l t  angle  t h a t  w i l l  a l low coverage of 
a l l  f i x e s .  

(b)  Other impor tan t  ASR-5E, 6 E ,  7E and 8  s i t i n g  cons ide ra t i ons  
d e a l  w i t h  the  minimum accep tab l e  t i l t  angle  f o r  r a d a r  cov- 
e r age ,  and de te rmina t ion  of t h e  app rop r i a t e  range f o r  
swi t ch ing  from dual-beam t o  main-beam-only ope ra t i on .  These 
f a c t o r s  a r e  determined p r i m a r i l y  from c l u t t e r  considera-  
t i o n s ,  a s  d i scussed  i n  paragraph 59. 

( 3 )  I n t e r p r e t a t i o n  of Resu l t s .  The above procedure should a l low 
de te rmina t ion  of whether  o r  n o t  accep tab l e  r a d a r  coverage of 
t he  r equ i r ed  f i x e s  i s  p o s s i b l e  from the  s e l e c t e d  s i t e  l o c a t i o n  
and antenna h e i g h t .  I f  adequate  coverage i s  p o s s i b l e ,  t h e  
der ived da ta  a l s o  i n d i c a t e s  t h e  maximum pe rmis s ib l e  t i l t  angle  
f o r  coverage of a l l  f i x e s  and c r i t i c a l  p o i n t s .  I t  should be  
remembered a t  t h i s  p o i n t  t h a t  r a d a r  coverage c a p a b i l i t y  con- 
s i  dered here  assumes FREE-SPACE cond i t i ons  and, t he re f  o r e ,  does 
n o t  i nc lude  the  degrading e f f e c t s  of v e r t i c a l  l ob ing ,  c l u t t e r ,  
e t c .  These e f f e c t s  must be  cons idered  be fo re  f i n a l  coverage 
assessments  and t i l t  angle  s e l e c t i o n s  a r e  made. An i l l u s t r a t i v e  
example of the  a p p l i c a t i o n  of ASR coverage a n a l y s i s  procedures  
is  given i n  appendix 6 .  

56. BEACON COVERAGE ANALYSIS. Achievement of adequate f ree-space beacon 
coverage normally p r e s e n t s  no problem i n  s i t u a t i o n s  where 10s v i s i b i l i t y  
t o  a l l  d e s i r e d  f i x e s  e x i s t s .  This  good coverage is  p o s s i b l e  because of 
t he  very  h igh  power c a p a b i l i t y  of ATCBI equipment, and because only a 
one-way p a t h  i s  involved  on i n t e r r o g a t i o n  and r e p l y .  I n t e r f e r e n c e  con- 
s i d e r a t i o n s  d i c t a t e ,  however, t h a t  beacon i n t e r r o g a t o r s  be  ope ra t ed  a t  
t he  lowest  p o s s i b l e  ou tput  power capable  of p rov id ing  the r equ i r ed  spa- 
t i a l  coverage. This  power l e v e l  i s  e s t ima ted  us ing  the  fo l lowing  
procedure.  
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a .  Procedure.  Using t h e  ATD coverage requirements ,  which have a l r e a d y  
been loca t ed  on t h e  r c i  c h a r t  ( f i g u r e  3-16), apply t h e  a p p r o p r i a t e  
beacon ove r l ay  c h a r t  ( f i g u r e  3-22 f o r  t h e  ATCBI-3 w i t h  antenna FA- 
7202, f i g u r e  3-23 f o r  t h e  ATCBI 4  o r  5 w i t h  antenna FA-8043, o r  
f i g u r e  3-23A f o r  any of t h e  ATCBI's w i t h  antenna FA-9764) and a d j u s t  . . 
f o r  a  nominal t i l t  ang le  of 2.50. From t h e  c h a r t  parameters  n o t e  
t h e  s m a l l e s t  beacon power r equ i r ed  f o r  coverage of a l l  f i x e s ,  and 
t h e  maximum requ i r ed  range. Note t h a t  t h e  drawings shown i n  t h e  
handbook t e x t  ( f igures .3-22 ,  3-23 and 3-23A) a r e  samples: t h e  a c t u a l  
over lay  c h a r t s  a r e  contained i n  t h e  supplemental drawing f o l d e r  bound 
a t  t h e  end of t h i s  volume. * 

b.  Analys i s .  The beacon power determined by t h e  above procedure is  t h e  
lowest  which w i l l  provide t h e  r e q u i s i t e  coverage. Th i s  proper  l e v e l  
i s  used i n  c a l c u l a t i n g  t h e  e f f e c t s  of beacon lob ing  from equa t ions  
presen ted  i n  chap te r  2. To account f o r  substandard propaga t ion  an 
o p e r a t i o n a l  t r a n s m i t t e r  ou tput  3  d B  above t h i s  l e v e l  should be  spec i -  
f i e d .  I t  should a l s o  be noted h e r e  t h a t  t h e  Pd va lues  p l o t t e d  i n  
f i g u r e s  3-22, 3-23, and 3-23A r e p r e s e n t  i n t e r r o g a t o r  ou tput  measured 
a t  t he  antenna.  To ach ieve  t h i s  cond i t i on  t h e  t r a n s m i t t e r  ou tput  
must be increased  by an a d d i t i o n a l  amount equa l  t o  t h e  one-way t r ans -  
mission l i n e  and plumbing l o s s e s  f o r  t h e  p a r t i c u l a r  i n s t a l l a t i o n .  * 
The beacon coverage a n a l y s i s  procedure i s  a l s o  i l l u s t r a t e d i n  appendix 6. 

57. VERTICAL LOBING ANALYSIS. Prev ious  coverage ana lyses  were based on f r ee -  - 
space  antenna p a t t e r n s ;  they a r e  c o r r e c t  only f o r  s i t u a t i o n s  where t h e  
l o c a l  t e r r a i n  i s  rough and does no t  produce v e r t i c a l  l ob ing .  The objec- 
t i v e s  of a  v e r t i c a l  l ob ing  a n a l y s i s  a r e  t o  i d e n t i f y  t h e  azimuth s e c t o r s  
about a  s i t e  i n  which lob ing  can be expected t o  occu r ,  and t o  analyze t h e  
e f f e c t  of such lob ing  upon t h e  a b i l i t y  of ASR/ATCBI equipment t o  meet t h e  
e s t a b l i s h e d  coverage requirements .  The accuracy of t h i s  a n a l y s i s  w i l l  
depend upon t h e  q u a l i t y  of s i t e  survey d a t a  cover ing  s u r f a c e  roughness,  
s u r f a c e  r e f l e c t i v i t y ,  and the  s i z e  and l o c a t i o n  of l and  a r e a s  over  which 
t h e s e  cond i t i ons  p r e v a i l .  

a .  Exis tence  of Lobing. 

(1) The suggested procedure f o r  determining i f  i t  i s  reasonable  t o  
expect  t h e  occur rence  of v e r t i c a l  lob ing  a t  a  given s i t e  i s  out- 
l i n e d  below. The procedure is a p p l i c a b l e  t o  bo th  r a d a r  and 
beacon lob ing  a n a l y s i s .  

( a )  From s i t e  survey obse rva t ions  and panoramic photographs,  
i d e n t i f y  t h e  azimuth s e c t o r s  con ta in ing  r e l a t i v e l y  f l a t  
t e r r a i n .  Determine the  m s l  e l e v a t i o n  of each " f l a t "  r eg ion  
and t h e  range t o  i t s  near- and f a r -po in t s .  The l a t t e r ,  of 
course ,  w i l l  not extend beyond t h e  hor izon .  

(b)  Determine t h e  e f f e c t i v e  he igh t  of t h e  r a d a r  antenna above 
each f l a t  t e r r a i n  r eg ion  by s u b t r a c t i n g  t h e  t e r r a i n  m s l  
e l e v a t i o n  from t h a t  of t h e  antenna.  Use t h i s  e f f e c t i v e  

Chap 3  
Par  56 Page 235 



7/20/76 

FIGURE 3-22, RCI OVERLAY CHART - ATCBI - 3  

0 e 
t I  

0 
n 

SAMPLE 

Page 236 
Chap 3 
Par 56 
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height to compute the location of the first Fresnel tone in 
each area for various null orders. range tothenear-point, 
reflection-point,and far-point of theFresnelzones are given 
by equations 2-33 and 2-34 (p. 119). These may be simpli- 
fied as follows to yield distances in nautical miles: 

- k h2f 
n a (near point) (3-5) 

1 = k h2f 
r a  (reflection point) (3-6) 

2 
dlf = kfhaf (far point) (3-7) 

where : 

ha = effective antenna height, in feet 

f = operating frequency, in HHz. 

The values of the constants in these expressions are given 
in table 3-1 for various nulls, and the distances are plot- 
ted in figures 2-39 through 2-44 for lower order nulls. 

(c) Determine the grazing angle, $J~, to eac.h null reflection 
point from the expression 

h -1 2 
'n - Tan 

1 

Since $, is also equal to the null angle, emin, it can also 
be determined from figures 2-19 and 2-20, for lover order 
nulls. 

(d) Using the values of JIn calculated above, determine the 
critical height of surface irregularity, Ahc, from fig- 
ure 2-38, or equation 2-32 (p. 106). Record and.compare 
these values with the average measured or estimated sur- 
face irregularity for the corresponding terrain regions 
under study. The latter data may be taken during rite 
survey operations, or derived from topographical maps. 

(2) Conduct the above radar lobing determination for each "flat" 
region and repeat for beacon lobing, using appropriate antenna 
height and frequency in step b. For co-sited installations,the 
ATCBI antenna is 5 feet above the ASR feedhorn for beacon 
antennas FA-7202 and FA-8043, it is 6.8 feet above the ASR feed- 
horn for beacon antenna FA-9764. 
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b. I n t e r p r e t a t i o n  o f  Resul t s .  

(1) Compare t h e  p o s i t i o n  and e x t e n t  of t h e  land a r e a s  determined 
i n  s t e p s  a and b .  

(a )  I f  none of t h e  f l a t  surveyed a r e a  l i e s  w i th in  t h e  f i r s t  
Fresne l  zone, no lob ing  should be expected a s  long a s  
t h e  he igh t s  o f  t h e  ASR and ATCBI antennas do n o t  exceed 
t h e  va lues  used i n  computations.  

(b) I f  t h e  " f l a t "  a r ea  i d e n t i f i e d  covers  t h e  f i r s t  Fresne l  
zone completely,  lob ing  can be expected t o  occur  
PROVIDED t h e  average i r r e g u l a r i t y  of  t h e  s u r f a c e  does 
no t  exceed Ahc. I f  t h e  i r r e g u l a r i t y  i s  g r e a t e r  than  Ahc, 
t h e  s u r f a c e  i s  too  rough t o  support  lobing r e f l e c t i o n s .  

(c)  I f  t h e  surveyed a r e a  extends only p a r t i a l l y  over  t h e  
f i r s t  Fresne l  zone, t h e  occurrence o f  lob ing  i s  unce r t a in .  
This  unce r t a in ty  can be  r e so lved  somewhat by cons ider ing  
s u r f a c e  smoothness and by comparing t h e  p o s i t i o n  of t h e  
surveyed a r e a  r e l a t i v e  t o  t h e  p o s i t i o n  of t h e  " r e f l e c -  
t i o n  poin t"  w i th in  t h e  f i r s t  Fresne l  zone. No lobing  
w i l l  be  produced by a s u r f a c e  whose average i r r e g u l a r i t y  
i s  g r e a t e r  than  Ahc. For smooth s u r f a c e s ,  a r e a s  n e a r e s t  
t h e  r e f l e c t i o n  p o i n t  c o n t r i b u t e  most heav i ly  t o  t h e  t o t a l  
r e f l e c t i o n ,  t h e  c o n t r i b u t i o n  decreas ing  i n  importance 
t h e  f u r t h e r  t h e  a r e a  i s  from t h i s  p o i n t .  

( 2 )  I t  should be noted, when conducting t h i s  a n a l y s i s ,  t h a t  t h e  
presence  o f  v e r t i c a l  r e f l e c t i n g  s u r f a c e s  ( e . g . ,  bu i ld ings  o r  
fences)  nea r  t h e  Fresne l  zone may screen  o r  break up a lobing 
p a t t e r n  which may otherwise occur .  This  f a c t  may be  used t o  
avoid lobing e f f e c t s  through c a r e f u l  s e l e c t i o n  of  s i t e  loca-  
t i o n ,  o r  through i n s t a l l a t i o n  o f  fences  t o  e l i m i n a t e  lob ing  
(see  r e f e rence  8 ) .  

c .  E f f e c t s  of  Lobing on Coverage. 

(1) I f  v e r t i c a l  lobing i s  expected and cannot be  prevented by 
screening  o r  adjustment o f  antenna h e i g h t ,  an a n a l y s i s  should 
be made t o  determine t h e  impact such lob ing  w i l l  have on t h e  
coverage c a p a b i l i t i e s  of t h e  ASR and beacon. This  assessment 
may be made a s  fo l lows:  

Page 240 

(a)  Locate and i d e n t i f y  those  nav iga t iona l  f i x e s  t h a t  l i e  i n  
t h e  azimuth s e c t o r ( s )  where v e r t i c a l  lobing i s  expected 
t o  occur .  
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(b)  Using t h e  antenna  height^' s p e c i f i e d  by screening consid- 
e r a t i o n s  (paragraph 531, determine t h a t  e l eva t ion  angle  of 
each of t h e  nav iga t iona l  f i x e s  r e l a t i v e  t o  t h e  s i t e  
l oca t ion .  I f  t h e  e l e v a t i o n  angle  t o  a f i x  exceeds t h e  
c r i t i c a l  g raz ing  angle  ( spec i f i ed  above f o r  t h e  given t e r -  
r a i n  roughness) by rnore"than one q u a r t e r  t h e  angle  of t h e  
f i r s t  n u l l ,  i t  can be  ignored i n s o f a r  a s  lob ing  e f f e c t s  
a r e  concerned, 

( c )  For those  i d e n t i f i e d  naviga t iona l  f i x e s  whose e l eva t ion  
angles  a r e  l e s s  than t h e  c r i t i c a l  g raz ing  angle,  compute 
t h e  e a r t h  ga in  f a c t o r  r~ a t  t h i s  e l eva t ion  angle  by l e t t i n g  
8 i n  equat ion  2-22 (p. 94) equal  t he  e l e v a t i o n  angle t o  
t he  fix ( i n  r a d i a n s ) .  

. ( d )  Determine i f  coverage i s  obtained a t  each f i x  using t h e  
r e l a t i o n s h i p s  der ived  i n  paragraph 22b of chapter  2  (see 
equat ion 2-29 (p. 95) and 2-30 and 2-31 (p. 102)) .  

( f o r  ATCBI @ 1030 MHz) 
( f o r  ASR-4B, 5, 6  and 7 @ 

R =Tmf r 2700-2900 MHz) 
( f o r  ASR-SE, 6E, 7E, and 8 (3-9) 

main antenna only @ 
2700-2900 MHz) 

R = Rf ( f o r  ASR-5E, 6E, 7E, and 8 * 
r 

dual  beam antenna @ (3-10) 
2700-2900 MHz) 

I f  t h e  a c t u a l  range R t o  a  f i x  i s  l e s s  than t h e  va lue  R , 
then  coverage i s  obta ined .  I f  n o t ,  no coverage is  obtafned. 

( e )  S imi la r  cons ide ra t ion  may be given t o  lob ing  e f f e c t s  on 
coverage of t r a f f i c  o r  o the r  p o i n t s  i n  t h e  a i r  r o u t e  s t r u c -  
t u r e .  

( 2 )  When seve re  lob ing  e f f e c t s  a r e  p red ic t ed ,  a t tempts  should be 
made t o  s p e c i f y  a  new t i l t  ang le  which w i l l  enable  s a t i s f a c -  
t o r y  coverage t o  be achieved.  Changing the  antenna t i l t  w i l l  
change t h e  antenna ga in  f a c t o r  i n  t h e  d i r e c t i o n  of t he  t a r g e t  
and r e f l e c t i o n  p o i n t .  T i l t  w i l l  no t  a f f e c t  t h e  r e f l e c t i o n  
po in t  o r  n u l l  a n g l e  and w i l l  no t  change t h e  b a s i c  lob ing  pat- 
t e r n .  I f  no accep tab le  t i l t  angle  w i l l  remove t h e  coverage 

* i' i n  t h e s e  com u t a t i o n s  it should be remembered t h a t  f o r  co-s i ted  i n s t a l l a t i o n s  
t h e  ATCBI antenna i s  h igher  than  t h e  ASR plane  c e n t e r  by 5 f e e t  when antennas 
FA702 o r  FA-8043 a r e  used and by 6.8 f e e t  when antenna FA-9764 is used. * 
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def ic iency,  a  new antenna height  may be  s e l e c t e d  and t h e  
ana lys i s  repeated.  Screening considerat ions should not  b e  
ignored i n  s e l e c t i n g  new antenna heights .  

(3) I f  se r ious  lobing d i f f i c u l t i e s  a r e  present  f o r  a l l  u sab le  
h e i g h t / t i l t  angle combinations, considerat ion must then be 
given t o  (a)  a l t e r n a t e  s i t e  loca t ions ,  (b) mi t iga t ion  of t h e  
e f f e c t  by i n s t a l l a t i o n  of fences,  eoc.,  ( reference 8, o r  3) 
a l t e r i n g  a i r  rou te  s t r u c t u r e  o r  cont ro l  procedures t o  mini- 
mize opera t ional  problems caused by lobing. The l a t t e r  
a c t i o n  would requ i re  consul ta t ion  and concurrence by ATD 
personnel.  

(4) An i l l u s t r a t i o n  of t h e  app l i ca t ion  o f  v e r t i c a l  lobing analy- 
sis procedures i s  given i n  appendix 6 .  

58. FALSE-TARGET ANALYSIS. Evaluation o f  p o t e n t i a l  ATCBI s i t e s  should in-  
clude an ana lys i s  of t h e  expected s e v e r i t y  of  beacon f a l s e - t a r g e t  
e f f e c t s  associa ted  with each p a r t i c u l a r  s i t e  locat ion .  This  a n a l y s i s  
i s  l a rge ly  graphical  and follows techniques described i n  paragraph 226 
of chapter  2 .  

a .  Procedure. On a hor izonta l  coverage char t  QFM Drawing B-50979-1) 
centered about t h e  r a d a r  s i t e ,  l oca te  a l l  s i g n i f i c a n t  a i r  rou tes  
and p l o t  t h e  loca t ion  of a l l  p o t e n t i a l l y  harmful r e f  l e c t o r s  f den- 
t i f i e d  a t  t h e  s i t e  survey. For each r e f l e c t o r :  

(11 P lo t  azimuth r a d i a l s  10 beyond t h e  ext remit ies  o f  t h e  t e f l e c -  
t i n g  surface .  This def ines  t h e  angular  region where beacon 
f a l s e  t a r g e t s  may appear because o f  t h i s  r e f l e c t o r .  

(2) Plo t  the  path of s i g n a l s  r e f l e c t e d  from t h e  extended r e f l e c -  
t o r  su r face  due t o  t h e  above r a d i a l s .  Reflector  o r i e n t a t i o n ,  
required f o r  these  p l o t s ,  can be determined from maps, t h e  
a i r p o r t  master p lan ,  o r  s i t e  survey data .  

(3) Using t h e  r e f l e c t o r  dimensions and ATCBI power determined 
above, compute minimum range, R1, between t a r g e t  and r e f l e c -  
t o r  f o r  f a l s e  t a r g e t s .  This i s  done with t h e  nomographs of  
f i g u r e s  2-48a and b.  Note t h i s  range on t h e  diagram. 

(4)  Note airways cross ing t h e  r e f l e c t e d  s igna l  s e c t o r  a t  ranges 
l e s s  than R 1  from t h e  surface .  Trans la te  t h e  a f f e c t e d  range 
segment t o  t h e  f a l s e  t a r g e t  r a d i a l  s e c t o r ,  tak ing i n t o  ac- 
count t h e  r ada r  t o  r e f l e c t o r  range,  R2. 

b. Analysis.  Once t h e  regions o f  appearance and of o r i g i n  of  f a l s e  
t a r g e t s  a r e  i d e n t i f i e d ,  t h e  s e v e r i t y  of t h e  problem i s  r e a d i l y  
determined. S i t u a t i o n s  where t r a f f i c  i n  one a c t i v e  a i r l a n e  can 
c r e a t e  f a l s e  t a r g e t s  i n  another  a i r l a n e  a r e  c l e a r l y  unacceptable. 
An example case i s  presented i n  f i g u r e  3-24. In t h e  example, s 
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FIGURE 3-24. EXAMPLE OF FALSE TARGET ANALYSIS 
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hazardous condi t ion  could develop when r e g u l a r  commercial t r a f f i c  on 
a i r l i n e  @ is f a l s e l y  by a r e f l e c t e d  pa th ,  producing 
apparent  t a r g e t s  i n  the  which, i t s e l f ,  conta ins  r e g u l a r  
commercial t r a f f i c .  I n  cons ide ra t ion  should b e  
given t o  (1)  removal o r  masking of  t h e  r e f l e c t i n g  s t r u c t u r e  ( s ee  
r e f e rence  9 f o r  masking d e t a i l s ) ,  (2)  s e l e c t i o n  of a d i f f e r e n t  
ASRIATCBI s i t e ,  o r  (3)  r e v i s i o n  of t h e  a i r  rou te .  The l a t t e r  possi-  
b i l i t y  should only be  considered a s  a last r e s o r t  and would, of 
course,  r e q u i r e  coord ina t ion  and approval  from Air  T r a f f i c  and 
F l i g h t  Standards Div is ions .  

59. CLUTTER ANALYSIS. ASR coverage of t a r g e t s  can b e  s e r i o u s l y  degraded by 
the  e f f e c t s  of c l u t t e r .  I t  is t h e r e f o r e  recommended t h a t  a worst-case 
c l u t t e r  a n a l y s i s ,  u s ing  the  p r i n c i p l e s  o u t l i n e d  i n  paragraph 23c(3) of 
chap te r  2 ,  be c a r r i e d  out t o  provide e s t ima te s  of :  ( a )  range/azimuth 
parameters  f o r  m t i  and antenna beam swi tch ing  of t he  ASR-8 radar ,  (b)  * range parameters  f o r  m t i  and antenna beam switching of ASR-5E, 6E, and 7E * 
( c )  m t i  swi tch ing  range f o r  ASR-4B, 5 ,  6 ,  and 7, and (d) system c l u t t e r  
coverage c a p a b i l i t y  and t i l t  angle  dependence. 

a .  C l u t t e r  Boundaries.  From map s t u d i e s  and s i t e  sunrey opera t ions ,  
determine the  boundaries  of t he  reg ion  of c l u t t e r  v i s i b i l i t y ,  from - 
t h e  r a d a r  s i t e .  The maximum range of t h e  c l u t t e r  zone along a  given 
azimuth r a d i a l  is simply the  range t o  t he  r a d a r  horizon,  o r  t o  a 
sc reen ing  o b j e c t ,  whichever i s  sma l l e r .  I n  rugged t e r r a i n  the  c lu t -  
t e  r v i s i b i l i t y  reg ion  may be  discont inuous because of t h e  presence 
of m u l t i p l e  s c reen ing  o b j e c t s .  I n  genera l ,  the  maximum range of 
c l u t t e r  w i l l  vary f o r  d i f f e r e n t  azimuth angles  i n  accordance w i t h  
the  t e r r a i n  and sc reen ing  f e a t u r e s .  The o v e r a l l  c l u t t e r  v i s i b i l i t y  
boundary may be p l o t t e d  on a  p o l a r  diagram s i m i l a r  t o  those a l r eady  
drawn f o r  10s v i s i b i l i t y .  

* b. Antenna Switching Range (ASR-5E, 6E, 7E, 8) .  

(1) As mentioned i n  chap te r  1, t h e  s e l e c t i o n  of a  s i n g l e  o r  dual  
beam antenna conf igu ra t ion  f o r  t h e  ASR-SE, 6E, 7E and 8 r ada r s  
is l a r g e l y  d i c t a t e d  by c l u t t e r  cons ide ra t ions .  The high beam * 
antenna i s  used i n  the  c l u t t e r  region t o  t he  e x t e n t  of i ts  cov- 
e r age  c a p a b i l i t y .  For t a r g e t  ranges beyond t h e  coverage capa- 
b i l i t y  of t h e  r a d a r  i n  i t s  dual  beam mode, however, t h e  s i n g l e  
(main) beam mode must be employed, even i f  c l u t t e r  is  p re sen t .  
The s i n g l e  beam mode i s  a l s o  used f o r  a l l  ranges where no c l u t -  
t e r  i s  v i s i b l e .  

(2 )  The maximum al lowable range f o r  swi tch ing  from dual  t o  s i n g l e  
beam ope ra t ion  depends on t h e  antenna t i l t  angle and t a r g e t /  
polarization/climatological condi t ions  a s  i n d i c a t e d  i n  t a b l e  
3-2 f o r  ASR-5E, 6E, 7E and 8. The range information i n  t h i s  
t a b l e  was der ived  by a p p l i c a t i o n  of the  ASR-SE, 6E, 7E and 8 
R C I  over lay  c h a r t s ,  r e spec t ive ly .  For va r ious  assumed t i l t  
ang le s ,  t h e  maximum swi tch ing  range i s  def ined  by the i n t e r -  
s e c t i o n  of the  coverage over lay  f o r  dual  beam opera t ion  w i t h  * 
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the earth's  surface .  For the ASR-SE, 6E, and 7E system the 
maximum allowable range f o r  switching from dual to  s i n g l e  beam 
operation remains constant i n  azimuth, while f o r  the ASR-8 i t  
can be s e t  a t  d i f f e r e n t  ranges i n  each of e i g h t  azimuth sectors .  * 
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t ( 3 )  For t he  maximum accep tab l e  t i l t  angle ,  a s  def ined i n  t he  pre- 
v ious  a n a l y s i s  (and i n d i c a t e d  on the  worksheet of f i g u r e  3-11), 
t h e  maximum ASR-5E, 6E, 7E and 8 antenna swi tch ing  ranges w i l l  
u sua l ly  be s e t  a s  i n d i c a t e d  i n  t a b l e  3-2 f o r  t h e  condi t ion  
be ing  examined. Except ions would occur  i n  those azimuth sec- 
t i o n s  where t h e  c l u t t e r  boundary diagram in 'dicated c l u t t e r  
v i s i b i l i t y  t o  be  l i m i t e d  t o  a  s h o r t e r  range. I n  such cases ,  
antenna beam swi tch ing  would be  ad jus t ed  f o r  t h e  s h o r t e r  ranges 
i n d i c a t e d  i n  the  diagram. 

MTI Switching.  

(1)  I n  most i n s t a n c e s  employment of t h e  r ada r  c a p a b i l i t y  w i l l  be 
r equ i r ed  f o r  d e t e c t i o n  of t a r g e t s  i n  c l u t t e r .  A p re l iminary  
e s t i m a t e  of t h e  range a t  which t h i s  m t i  opera t ion  can be  dis-  
cont inued can be 'found by cons ide ra t i on  of da t a  p l o t t e d  on the  
c l u t t e r  boundary diagram. 

* (2)  For ASR-4B, 5 ,  5E, 6 ,  6E, 7, and 7E systems the m t i  swi tch ing  
range would o r d i n a r i l y  correspond t o  t he  maximum range e x t e n t  
of a l l  c l u t t e r  a f f e c t i n g  a  s i g n i f i c a n t  p o r t i o n  of t h e  r a d a r ' s  
azimuth s can .  For t he  ASR-8 r ada r .  however, s e p a r a t e  m t i  
sw i t ch ing  ranges a r e  s e l e c t e d  f o r  each of 20 contiguous azimuth * s e c t o r s .  The maximum c l u t t e r  range i n  each of t he se  s e c t o r s  
should be s e l e c t e d  f o r  i n i t i a l  s e t t i n g  of t he  range azimuth 
g a t i n g  u n i t  which i s  p a r t  of t h e  ASR-8 u n i t  on ly .  

d. C l u t t e r  Coverage Ana lys i s .  

C l u t t e r  computations b a s i c a l l y  involve  de te rmina t ion  of the  
s i g n a l - t o - c l u t t e r  r a t i o  a t  va r ious  range p o i n t s  w i t h i n  t he  c l u t -  
t e r  zone, f o r  d i f f e r e n t  va lues  of antenna t i l t  angle .  T h i s  r a t i o  
can then be  used t o  determine i f  t a r g e t  d e t e c t i o n  i s  poss ib l e .  

I f  mobile r a d a r  equipment i s  a v a i l a b l e  f o r  c o l l e c t i o n  of c h t -  
t e r  d a t a ,  t h i s  should be used s i n c e  i t  w i l l  provide an accu ra t e  
measurement of the  p a r t i c u l a r  c l u t t e r  background a s s o c i a t e d  
w i t h  the  s i t e .  A s  an a l t e r n a t i v e ,  ASR equipment a l ready  in-  
s t a l l e d  i n  a  nearby l o c a t i o n  may be used t o  c o l l e c t  c l u t t e r  
d a t a .  Data ga thered  by t h i s  means, though n o t  a s  accu ra t e  a s  
mobile r ada r  d a t a ,  i s  probably p r e f e r a b l e  t o  pure ly  t h e o r e t i c a l  
c l u t t e r  p r e d i c t i o n s .  

From the  measured d a t a ,  s i t e  survey ope ra t i ons ,  o r  map s t u d i e s ,  
i d e n t i f y  the ground a r e a s  of maximum c l u t t e r  w i t h i n  view of t he  
r a d a r .  Cons idera t ion  should  be concent ra ted  on those a r e a s  
az imutha l ly  w i t h i n  1.5' of overhead a l w a y s  o r  f i x e s .  

When no measured da t a  i s  a v a i l a b l e ,  e s t i m a t e  c l u t t e r  e f f e c t s  
a s  fo l lows:  
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( a )  For  s e v e r a l  range p o i n t s  w i t h i n  the  c l u t t e r  zone, calcu- 
l a t e  t h e  c l u t t e r  graz ing  angle ,  +, from 

h = m s l  antenna h e i g h t  a t  s i t e ,  i n  f e e t  
a  

h  = rnsl e l e v a t i o n ,  i n  f e e t ,  of t e r r a i n  a t  range R r 
R = range t o  d e t e c t i o n  p o i n t ,  i n  n a u t i c a l  mi l e s  

(b) De tennine  c l u t t e r  a r e a  Ac from equat ion  2-39 (p. 132) .  
This reduces t o  t h e  form 

1. For ASR-4B, 5, 6,  and 7 - 
A = 6060.4 R Sec $ 

C 

2. For ASR-5E, 6E, and 7E - 
A = 5858.4 R Sec $J 

C 

3. For ASR-8 - 

Ac 
= 4218.2 R Sec I) 

( c )  Determine normalized c l u t t e r  c ros s  s e c t i o n  0, from t a b l e  
2-3 o r  2-4, and compute the  a c t u a l  c l u t t e r  c ros s  s e c t i o n  
U c  from equat ion  2-40 (p .  132) .  

(d)  ~ e t e r m i n e  t h e  t r ansmi t  and rece ive  antenna gain G t  and Gr 
i n  the d i r e c t i o n  of a  t a r g e t  a t  t h i s  range and a t  t he  maxi- 
mum e l e v a t i o n  of concern. Also determine the  correspond- 
i n g  gain Gt ,  and G r c  i n  the d i r e c t i o n  of the  c l u t t e r  pa tch .  
Antenna t i l t  angle ,  a ,  must be accounted f o r  i n  these  gain 
de te rmina t ions .  I n i t i a l  c a l c u l a t i o n s  should use the maxi- 
mum value  of a a s  determined from f i g u r e  3-11. 

( e l  Compute s / c  from equa t ion  2-38 (p. 132) ,  

us ing  the  s m a l l e s t  va lue  of o t  expected.  For a  T-33 a i r -  
c r a f t ,  u t  = 2.2 square  meters  ( l p ) ,  a t  = 0.7 square  meters  
( c p ) .  I t  should be remembered he re  t h a t  f o r  ASR-4B, 5 ,  6,  
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and 7 ,  and f o r  ASR-SE, 6E, 7E and 8 i n  t h e i r  s i n g l e  (main) * 
beam modes, G t * G r  and G G .  The e q u a l i t i e s  do n o t  
ho ld ,  however, f o r  t he  A & - 5 ~ ,  6E, 7E and 8 i n  the  d u a l  
beam mode. 

( f )  I n  a r e a s  conta in ing  d i s c r e t e  c l u t t e r  sdurces,  ( b u i l d i n g s ,  
wa te r  towers,  mountains, e t c . ) '  es t imate  the  c l u t t e r  c r o s s  
s e c t i o n ,  oc ,  i n  much the  same manner as  f o r  a  t a r g e t  of s i p  
i l a r  dimensions. Use t h i s  value t o  determine s / c  a s  above. 

(5)  When a c t u a l  c l u t t e r  power da t a  i s  a v a i l a b l e  from f i e l d  measure- 
ment i t  should be used d i r e c t l y  i n  c l u t t e r  ana lys is .  To be 
u s e f u l ,  c l u t t e r  power measurements must be made using the  same 
frequency, pu l se  width,  p o l a r i z a t i o n ,  antenna beanwidth, and 
he igh t  a s  the ASR. I n  t h i s  case : 

(a )  For each range p o i n t  considered w i t h i n  the  c l u t t e r  zone, 
compute received s i g n a l  power, S,  from equat ion 2-44 
( p .  137) 

2  
P G G o t  

S = t t r  

( 4 ~ ) )  R4 

us ing  t h e  sma l l e s t  ot expected. I f  lobing is  expected 
above t h e  c l u t t e r  a r e a ,  the appropr ia te  expression f o r  
s i g n a l  power, S,  becomes 

(b)  Compare the  computed va lue  with measured (and converted)  
c l u t t e r  power a t  the  same range t o  determine s / c .  

e .  I n t e r p r e t a t i o n  of Resu l t s .  

(1)  C l u t t e r  boundaries ,  antenna swi tch ing  range, and m t i  swi tch ing  
range ( s )  a r e  determined d i r e c t l y  i n  the  respec t ive  ana lyses  
above. C l u t t e r  coverage may be determined from the  computed 
va lues  of S IC .  I t  can be assumed t h a t  t a r g e t  de t ec t ion  a t  the  
range being examined w i l l  occur  s a t i s f a c t o r i l y  i n  the n t i  mode 
i f :  

-14.3 dB (ASR-4B, 5 ,  5E, 6 ,  6E, 7, and 7E) 

-17.3 dB (ASR-8) 

i f  t h j s  condi t ion  i s  n o t  met, assume no de t ec t ion  occurs .  
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(2) C l u t t e r  a n a l y s i s  i s  repea ted  f o r  a l l  c l u t t e r  a r eas  considered 
p o t e n t i a l l y  troublesome and a  general  judgment formed a s  t o  
t h e  s e v e r i t y  o f  t h e  o v e r a l l  c l u t t e r  problem. I f  c l u t t e r  
obcures a  s i g n i f i c a n t  po r t ion  of  t h e  c o n t r o l l e d  a i r s p a c e ,  
cons ide rz t ion  should be given t o  ( a )  a l t e r i n g  antenna he ight  
t o  reduce t h e  v i s i b l e  c l u t t e r  a r e a ,  (b) modifying t h e  r e t u r n  
from l a r g e  s c a t t e r e r s  by removal o r  masking, (c )  s e l e c t i o n  of  
another  r ada r  s i t e  a f fo rd ing  b e t t e r  n a t u r a l  sc reening ,  o r  
(d) modi f ica t ion  of  t h e  coverage requirements ( r e q u i r e s  co- 
o rd ina t ion  with A T D ) .  I f  c l u t t e r  i s  no t  seen t o  p re sen t  a  
s e r i o u s  ope ra t iona l  problem, cons ide ra t ion  may a l s o  be given 
t o  lowering t h e  antenna t i l t  angle  below i t s  maximum va lue ,  
thereby  achieving b e t t e r  long range coverage of low a l t i t u d e  
t a r g e t s .  This a c t i o n ,  w i l l ,  o f  course ,  i nc rease  ground i l l u -  
mination and worsen any e x i s t i n g  c l u t t e r  problems. 

( 3 )  An i l l u s t r a t i o n  of t h e  a p p l i c a t i o n  of c l u t t e r  a n a l y s i s  pro-  
cedures is  given i n  appendix 6 .  

60. TANGENTIAL COURSE ANALYSIS. Each r a d a r  s i t i n g  a n a l y s i s  should inc lude  
examination of  p o t e n t i a l  t a n g e n t i a l  course problems which may be asso-  
c i a t e d  with t h e - p a r t i c u l a r  s i t e .  Such an a n a l y s i s  w i l l  i n d i c a t e  t h e  
presence o r  absence of t a n g e n t i a l  courses  which f o r  t h e  r a d a r ' s  m t i  
r e c e i v e r ,  can cause l o s s  of  t a r g e t s  i n  t h e  c o n t r o l l e d  a i r s p a c e .  Tech- 
n iques  t o  be  followed a r e  descr ibed  i n  d e t a i l  i n  paragraph 22e of  
chapter  2 .  Basic procedures  a r e  o u t l i n e d  below. 

a .  Procedure. On a coverage c h a r t  (FAA Drawing D-50979-1) centered 
about t h e  r ada r  s i t e ,  l o c a t e  a l l  s i g n i f i c a n t  a i r  r o u t e s  and n o t e  
t a r g e t  ground speeds f o r  each a s  determined during pre l iminary  
s i t i n g  d a t a  a c q u i s i t i o n .  The l o s  boundary diagram a l r e a d y  con- 
t a i n s  t h i s  d a t a  and may be  used f o r  t a n g e n t i a l  course a n a l y s i s .  
For each t a r g e t  path wi th in  t h e  boundaries  of  m t i  usage which 
approaches tangency with a c i r c l e  about t h e  r ada r :  

Construct  a  perpendicular  from t h e  r a d a r  s i t e  t o  t h e  exten-  
s i o n  of  t h e  airway pa th .  

Determine t h e  maximum dropout reg ion  l eng th ,  Ldm, from f i g -  
u r e  2-51, us ing  t h e  previous ly  determined t a r g e t  ground speed 
f o r  t h e  airway i n  ques t ion ,  and assuming t h e  minimum d e t e c t -  
a b l e  r a d i a l  v e l o c i t y ,  v,, i s  20 k t .  

Determine t h e  a c t u a l  dropout d i s t ance ,  Ld, by no t ing  t h e  
length  of  over lap  ( i f  any) of  t h e  airway with t h e  reg ion  
Ldm. This  i s  i l l u s t r a t e d  i n  f i g u r e  3-25. 

.t 

For any Ld so  determined, eva lua t e  t h e  du ra t ion ,  Td, of cov- 
e rage  l o s s  from f i g u r e  2-53. Compare t h i s  with t h e  maximum 
t o l e r a b l e  dropout t ime,  TD, a s  determined from equat ion  2-52 
!P . 149).  
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FIGURE 3-25. ILLUSTRATION OF TANGENTIAL COURSE 
ANALYSIS 

Airway Route - Dropout Region 
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The t a n g e n t i a l  course a n a l y s i s  procedures  a r e  i l l u s t r a t e d  i n  
appendix 6 .  

b .  Analysis .  In  cases  where f o r  each t a n g e n t i a l  course  Td < TD, t h e r e  
a r e  no i n t o l e r a b l e  s i g n a l  l o s s e s  and t h e  s i t e  can be  considered 
f r e e  o f  s i g n i f i c a n t  t a n g e n t i a l  course problems. Where one o r  more 
courses  e x i s t  i n  which Td > TD, however, coverage l o s s e s  w i l l  
occur .  These problems should be resolved,  by e i t h e r  (1) s e l e c t i n g  
another  s i t e ,  (2) modi f ica t ion  of a i r  r o u t e  p a t t e r n s ,  o r  (3) ac- 
ceptance of  t h e  s i t u a t i o n .  The l a t t e r  approach w i l l  r e q u i r e  co- 
o r d i n a t i o n  and agreement by both A i r  T r a f f i c  and F l i g h t  Standards 
Divis ion r e p r e s e n t a t i v e s .  

61. SECOND-TIME-AROUND (STA) ANALYSIS. STA echoes a r e  produced by t a r g e t s  
o r  c l u t t e r  a t  d i s t ances  g r e a t e r  than  t h e  first range ambiguity.  I f  o f  
s u f f i c i e n t  amplitude, taEget  r e t u r n s  from t h e  s t a  Fegion a r e  de t ec t ed  
and d isp layed  a t  an apparent  range equal  t o  t h e i r  d i s t a n c e  beyond t h e  
p o i n t  o f  ambiguity.  S u f f i c i e n t l y  s t r o n g  c l u t t e r  from t h i s  reg ion  w i l l  
a l s o  be d isp layed;  it i s  not  canceled i n  t h e  m t i  r e c e i v e r  when t h e  
r a d a r  p r f  is j i t t e r e d .  A b r i e f  i n v e s t i g a t i o n  o f  p o t e n t i a l  s ta  prob- 
lems should b e  c a r r i e d  out  a s  p a r t  o f  r a d a r  s i t e  s e l e c t i o n .  This  may 
be done a s  i nd ica t ed  below. 3 

a .  Procedure. 

(1) From maps and a e r o n a u t i c a l  c h a r t s ,  l o c a t e  a i r  r o u t e s  and 
l a r g e  c l u t t e r  sources  (p r imar i ly  mountains) a t  ranges  from 
60 t o  200 nmi. Determine t h e i r  he igh t  and t h e i r  10s v i s i -  
b i l i t y  from t h e  r a d a r  s i t e .  

(2) This  may be done wi th  t h e  a i d  o f  long-range r ada r  coverage 
p r o f i l e  paper  ( e . g . ,  FAA Drawing D-31500) and t h e  sc reen  
angle  d a t a  developed i n  prev ious  ana lyses .  For each v i s i b l e  
airway o r  c l u t t e r  echo source :  

(a)  Est imate r a d a r  c r o s s  s e c t i o n  and determine d e t e ? t a b i l i t y .  
This  may be done with t h e  a i d  o f  r a d a r  coverage diagrams 
p l o t t e d  i n  f i g u r e s  2-1 through 2-6. Where necessary  
t h e s e  curves may be  ex t r apo la t ed  f o r  l a r g e r  t a r g e t s  by 
no t ing  t h a t  range coverage i n c r e a s e s  a s  u 4 ,  o t h e r  param- 
e t e r s  remaining f i x e d .  

(b) I f  t h e  est imated t a r g e t / c l u t t e r  i s  d e t e c t a b l e  a t  t h e  
t r u e  range,  an s t a  echo can be expected. In  such a 
case ,  determine t h e  apparent  echo range, R a y  and azimuth 
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where : 

R = t r u e  range of echo source 

R = n e a r e s t  ambiguous range l e s s  than R .  
A 

RA can be found from f i g u r e  1-9. The apparent  azimuth 
corresponds t o  t h e  t r u e  azimuth of t h e  echo source .  

b .  Analysis .  Once a l l  s t a  echoes a r e  determined, t h e i r  apparent  p p i  
p o s i t i o n  should be compared with t h e  loca t ion  of  normal r e t u r n s  
from t r a f f i c  i n  t h e  c o n t r o l l e d  a i r space .  I f  ,confusion of  echoes 
*represents  a  t h r e a t  t o  s a f e  ope ra t ions ,  cons ide ra t ion  should be 
given t o  (1) a l t e r i n g  t h e  r a d a r  p r f  t o  a  va lue  which p l aces  s t a  
echoes a t  l e s s  troublesome pp i  p o s i t i o n s  (such changes would 
r e q u i r e  coord ina t ion  wi th  Frequency Management personnel ) ,  
(2) changing antenna h . e i g h t / t i l t  t o  reduce s t a  source v i s i b i l i t y  
o r  d e t e c t a b i l i t y ,  o r  (3)  s e l e c t i n g  an a l t e r n a t e  r a d a r  s i t e .  

62. COST ESTIMATE. A complete cos t  e s t ima te  f o r  each surveyed s i t e  s h a l l  
be prepared.  This  w i l l  inc lude  a l l  p e r t i n e n t  cos t  f a c t o r s  necessary  
t o  i n s h e  t h a t  t h e  completed s i t e ,  b k  l d i n g s ,  a s soc i a t ed  s t r u c t u r e s ;  
and s i t e  access  w i l l  be  adequate f o r  t h e  purpose intended.  Unusual 
c o s t  f a c t o r s  a t t r i b u t a b l e  t o  unique l o c a l  condi t ions  should be accur-  
a t e l y  def ined  and j u s t i f i e d .  The s tandard  c o s t  i tems t o  be included 
are :  bu i ld ing  and tower foundat ions,  tower e r ec t ion ,  t/r bu i ld ing ,  
fencing,  o t h e r  bu i ld ings ,  o t h e r  towers (RML, e t c . ) ,  s i t e  grading,  
access  road cons t ruc t ion ,  e l e c t r i c a l  i n s t a l l a t i o n ,  power te rmina t ion ,  
engine gene ra to r  i n s t a l l a t i o n ,  a i r  condi t ion ing  i n s t a l l a t i o n ,  subs ta -  
t i o n  i n s t a l l a t i o n ,  dyct  l i n e  and handholes, cab le  p u l l i n g ,  engineer-  
ing ,  and cons t ruc t ion  superv is ion .  In  ca ses  where s i t e s  a r e  n o t  com- 
pa rab le  on a l l  Government-furnished i tems,  (e.g., GFM engine gene ra to r  
r equ i r ed  a t  one l o c a t i o n  but  n o t  a t  o the r s )  t h e  e s t ima te s  should 
r e f l e c t  t r u e  comparable c o s t s  of  each loca t ion .  A c o s t  e s t ima t ion  
worksheet, FAA Form 6310-4 (11-73), i s  shown i n  f i g u r e  3-26. 

ENVIRONMENTAL IMPACT ANALYSIS. Data s h a l l  be gathered f o r  t h e  prepa- 
r a t i o n  of e i t h e r  a  d r a f t  environmental impact s ta tement  o r  a  nega t ive  
d e c l a r a t i o n  p e r t i n e n t  t o  t h e  s i t i n g  ope ra t ion .  Guidance i n  performing 
an environmental impact a n a l y s i s  can be obta ined  from FAA Order 1050.1A 
e n t i t l e d  "Procedures For Considering Environmental Impacts of  Proposed 
FAA Actions," and by contac t ing  FAA r eg iona l  personnel .  

OTHER ANALYSES. In  a d d i t i o n  t o  conducting s i t i n g  ana lyses  descr ibed  
above, t h e  engineer  should undertake such o the r  s t u d i e s  a s  a r e  r e -  
qu i r ed  f o r  t h e  r e s o l u t i o n  of s p e c i f i c  problems r e l a t e d  t o  t h e  p a r t i c -  
u l a r  s i t i n g  opera t ion  i n  ques t ion .  He should a l s o  l o c a t e  any r equ i r ed  
RML equipment and form a p r e l i m i ~ a r y  d e t e r n i n a t i o n  of  t he  probable 
l oca t ions  of m t i  r e f l e c t o r s ,  a s soc i a t ed  wi th  t h e  p a r t i c u l a r  s i t e .  RML 
s i t i n g  information i s  necessary f o r  accu ra t e  e s t ima t ion  o f  t h e  c o s t  of 
e s t a b l i s h i n g  an ASR/ATCBI s i t e  a t  t h e  loca t ion .  
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F I G U I U  3-26 (coNT~NUED) 

=a 
P, 

COST EST IMATE 
04 
(D PROJECT AND LOCATION SHEET 2 OF 2 

ESTIMATED BY REVIEWED DATE OF ESTIMATE 

ITEM DESCRIPTION 

- 

14.T/R B l d g  8 Tower  

Elact r ico l  

15. Substat ion , Termina l  

Pole 8 Power Entr. To B ldg .  

16. Power L i n e  

17. Engine Generator I ns t .  

18. A i r  Condi t ion ing 

19. Engineering 

Per  D iem 

T rave l  

Loca l  T ransp  

onstruction Superv. 

F A A  Form 6310-4 (11 - 7 3  

UNlT 

- 
COMPUTATIONS AND MATERIAL LISTS 

UNlT 
COST 

-- 

TOTAL 
COST 
ITEM 

;OURCE OF COST DATA 



SECTION 6. SITING REPORT - 

65. DISCUSSION. 
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The purpose of t h e  s i t i n g  r e p o r t  i s  t o  desc r ibe  and summarize t h e  
r e s u l t s  of t h e  i n v e s t i g a t i o n s ,  surveys,  and a n a l y s i s  a s soc i a t ed  
w i t h  t h e  s i t i n g  e f f o r t .  I t  i s  intended t o  provide  a  record  o f ,  
as wel l  a s  an  engineering d a t a  source  f o r  t h e  s i t e ,  and may be r e -  
garded a s  t h e  source  f i l e  f o r ,  information r e l a t i v e  t o  t h e  con- 
s t r u c t i o n ,  i n s t a l l a t i o n ,  f l i g h t  check, and commissioning of  t h e  
s i t e .  

The s i t i n g  r e p o r t  should p re sen t  t h e  necessary  information i n  a  
l o g i c a l  form r e a d i l y  understandable by t h e  u s e r ,  and a l l  p e r t i n -  
e n t  d a t a  which has a  bear ing  on t h e  recommendations a s  t o  s i t e  
s u i t a b i l i t y  o r  p re fe rence  s h a l l  be included.  

A sample o u t l i n e  o f  t h e  content  and o rgan iza t ion  of  t h e  s i t i n g  
r e p o r t  i s  given i n  appendix 4. The s p e c i f i c  conten t  i s  f l e x i b l e  
and should be  adapted a s  app l i cab le  t o  t h e  p a r t i c u l a r  s i t i n g  
a c t i v i t i e s  and f ind ings .  The b a s i c  o rgan iza t ion  format,  where a  
s t a tmen t  o f  t h e  problem and a  summary o f  r e s u l t s  and con- 
c l u s i o n s  precede t h e  d e t a i l e d  accounts ,  a n a l y s i s ,  i nves t iga -  
t i o n s ,  e t c . ,  should be adhered t o  i n  o r d e r  t o  provide f o r  a  quick 
and comprehensive review of  t h e  s i t i n g  e f f o r t  without r e s o r t i n g  
t o  d e t a i l s .  

A minimum of n ine  copies  of  t h e  r e p o r t  should be prepared and t h e  
d i s t r i b u t i o n  of  t h e  r e p o r t  should inc lude  t h e  fol lowing:  

Of f i ce  No. of Copies 

FAA Regional Off ices  

1. A i r  T r a f f i c  Divis ion 

2 .  Airway F a c i l i t i e s  Divis ion 

3.  F l i g h t  Standards Divis ion 

FAA Local S i t e  Of f i ce s  

1. Airway F a c i l i t i e s  Sec to r  Chief 

2 .  A i r  T r a f f i c  F a c i l i t y  Chief 

FAA Washington Of f i ce s  

1. A i r  T r a f f i c  Serv ice  

2 .  Airway F a c i l i t i e s  Serv ice  

3 .  F l i g h t  Standards Se rv i ces  

4. Systems Research & Development Se rv i ce  

TOTAL 
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SECTION 7. FINAL SITE SELECTION 

66. DISCUSSION. 

a .  I n  t h e  event  t h a t  f i n a l  s i t e  s e l e c t i o n  i s  s t i l l  i n  doubt,  use  o f  a  
mobile s i t i n g  van should be considered a s  a  means o f  a l l e v i a t i n g  
any f i n a l  unce r t a in ty .  The f i n a l  s e l e c t i o n  o f  t h e  ASR/ATCRBS s i t e  
w i l l  r e q u i r e  t h e  concurrence and approval of a  number of  r e g i o n a l  
and l o c a l  FAA o f f i c e s .  These o f f i c e s ,  i d e n t i f i e d  by t h e  d i s t r i -  
bu t ion  l i s t  given i n  t h e  previous  s e c t i o n ,  w i l l  be c a l l e d  upon t o  
review t h e  s i t i n g  r epor t  and p re sen t  t h e i r  o b j e c t i o n s ,  sugges t ions  
and/or  approval  of  t h e  f ind ings  and recommendations descr ibed  i n  
t h e  s i t i n g  r e p o r t .  Conferences and meetings between r ep resen ta -  
t i v e s  of  t h e s e  o f f i c e s  and members of t h e  s i t i n g  team should be 
h e l d  a s  necessary  t o  p re sen t  and d i scuss  t h e s e  views. 

b .  Once agreement between a l l  cognizant  o f f i c e s  has  been reached 
regard ing  t h e  l o c a t i o n  and requirements of t h e  ASR/ATCRBS s i t e ,  
an appropr i a t e  approval /  concurrence memorandum should b e  s igned  
by a r e p r e s e n t a t i v e  of each cognizant  o f f i c e .  This  memorandum 
should i d e n t i f y  t h e  s i t e  s e l e c t e d  wi th  r e f e rence  t o  t h e  s i t i n g  
r e p o r t ,  no t ing  a l l  except ions  o r  changes made wi th  r e s p e c t  t o  t h e  
f ind ings  and recommendations made i n  t h e  r e p o r t .  I t  should  then  
be i n s e r t e d  as a  permanent addendum t o  t h e  s i t i n g  r e p o r t .  
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INTERROGATION VERSUS REPLY LINK I N  LIMITING ATCBI PERFORMANCE 

1. Radar equations governing beacon system performance may be wr i t t en  a s  
follows: 

P G G h L  
2 o i i t i  R; = 3 

P G G h L  
o t t i r  

9 

( in te r roga t ion  l ink)  

( reply  l ink)  

where : 

Ri = i n t e r roga t ion  range 

Rr = r ep ly  range 

P = i n t e r r o g a t o r  t r a n s m i t t e r  output 
o i 

Pot  = transponder t r a n s m i t t e r  output  

Gi 
= i n t e r r o g a t o r  antenna gain  

Gt = transponder antenna gain 

i = i n t e r roga t ion  wavelength 

hr = r ep ly  wavelength 

'rt = received power a t  transponder 

P = received power a t  in t e r roga to r  
ri 

L = system losses  
S 

2. Maximum range occurs, f o r  e i t h e r  s i t u a t i o n ,  when t h e  rece ived power is 
equal t o  t h e  minimum de tec tab le  s i g n a l .  Cal l ing  these  parameters 
S m i n , t  and S m i n , i  f o r  transponder and in te r roga to r ,  r e spec t ive ly ,  t h e  
maxlmum range re la t ionsh ips  a r e  given by: 

- 
P G G h L  

R~ - o i i t i  
max, i 2 ( in te r roga t ion  l ink)  (2-3) 

(4n) LsSmin, t 
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P G G X L  
Ft2 - - o t t i r  - 

( r ep ly  l i n k )  
- - 
max, r 2 

( 4 ~ )  LsSminyi 

3.  Comparing t h e  two express ions  it may be noted t h a t  

o r  t h a t  

R ' 
max, i 

A' 
PoiSmin,i  i 

4.  Now t h e  parameters  of common beacon systems ( t a b l e  1-2) a r e  such t h a t  
i n  most cases  RmaxYr ' Rmax, i . A s  an example, t a k e  

'ot 
= +51 dBm 

S = -74 dBm 
min , t 

'oi 
= +60 dBm 

S = -87 dBm min , i 
2 

( A p )  = +.s dB 

R 
max,r 

20 log = +51 -74 -60 +87 +0.5 = 4.5 dB 
max, i 

R = 1.68 R 
max,r max, i 

5. E f f e c t i v e  beacon system ope ra t ion ,  e s p e c i a l l y  i n  terminal  i n s t a l l a -  
t i o n s  where Poi i s  reduced, i s  normally l i m i t e d  by t h e  performance of  
t h e  i n t e r r o g a t i o n  l i n k .  
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SCREENING RELATIONSHIPS 

1. DERIVATION OF SCREEN ANGLE RELATIONSHIPS. 

a .  The geometric r e l a t i o n s h i p  between t h e  screen  angle  (Bs), range (d ) ,  
antenna he ight  (h,), and a l t i t u d e  (h ) ,  f o r  a curved e a r t h  i s  shown i n  
f i g u r e  B - l .  To de r ive  t h e  mathematical expression r e l a t i n g  t h e  
screen  angle t o  t h e s e  parameters,  we s e e  from t h e  f i g u r e  t h a t  

- 
DC = R cos 8, = (h + ka) s i n  B (3- 1) 

and from t h e  r e l a t i o n  
- - - 
DE = R s i n  Bs = OD - OA - h 

a 

we have 

- 
DE = R s i n  8 = (ka + h)cosB - (ka + ha) 

S (3-3) 

where t h e  r ad ius  o f  t h e  equiva len t  e a r t h  i s  given a s  ka wi th  

a = a c t u a l  Ea r th ' s  r ad ius  

k = equiva len t  e a r t h  r a d i u s  f a c t o r  

and t h e  angle  B i s  defined by t h e  a r c  length  d between t h e  antenna 
and t h e  a l t i t u d e  po in t  B .  

b. Dividing above equat ions  by 3-3 by 3-1, y i e l d s ,  

(h + ka)cosB - (h + ka) 
t a n  8 = a 

s (h + ka) s i n e  

c .  From geometr ical  cons ide ra t ions ,  t h e  angle  B i s  given by 

and a s  long a s  d << ka, o r  B - < l o0 ,  t h e  approximations 

s i n  B - B 

2 
cos B - 1 - B / 2  

a r e  v a l i d  f o r  a l l  p r a c t i c a l  purposes.  S u b s t i t u t i n g  equat ions  3-5, 
3-6, and 3-7 i n t o  equat ion 3-4 g ives  t h e  d e s i r e d  r e l a t i o n s h i p  
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FIGURE 1. SCREENING GEOMETRY FOR A CURVED EARTH 

Curve Of Constant Altitude 
1 
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t a n  es = h - h a  d - -  
d 2ka 

Appendix 3 

(3-8) 

d. In  t h e  development of t h i s  equat ion,  t h e  u n i t s  f o r  h l ,  ha, d  and a  
were a l l  assumed t o  be t h e  same. I f  h  and ha a r e  given i n  f e e t  and 
d and a  i n  n a u t i c a l  mi les ,  equat ion 3-8 is  w r i t t e n  as 

t a n  8 = 
h - h a  - -  d 

s 6080 d 211a 

2. SCREEN ANGLE AND COVERAGE CHARTS. Radar v e r t i c a l  coverage c h a r t s  which 
provide  a  graphica l  s o l u t i o n  t o  equat ion 3-9 f o r  var ious  va lues  of  t h e  
equiva len t  e a r t h  r a d i u s  parameter,  k, a r e  p l o t t e d  i n  f i g u r e s  3-2 through 

- --- - 
3-8. Four c h a r t s  (FAA Drawings D-50979-2, 3, 4, 8) a r e  given f o r  
k  = 4/3. S ing le  c h a r t s  a r e  provided f o r  k  = 1 (FAA Drawing D-50979-5), 
k  = 2/3 (FAA Drawing D-50979-6), and k = 1/2 (FAA Drawing D-50979-7) . 
These c h a r t s  can be used f o r  l oca t ion  o f  nav iga t iona l  f i x e s  and a s ses s -  
ment o f  coverage f o r  k-values corresponding t o  a  v a r i e t y  o f  p o s s i b l e  
atmospheric condi t ions .  

3 .  RADAR VS OPTICAL ALTITUDE.COVERAGE. 

a .  Although both r ada r  and o p t i c a l  energy undergo atmospheric r e f r a c -  
t i o n ,  r ada r  r e f r a c t i o n  i s  usua l ly  more severe .  This  e f f e c t  makes 
it reasonable t o  expect t h a t  r a d a r  w i l l  provide b e t t e r  low a l t i -  
t ude  coverage a t  a  given range than  w i l l  b e  observed o p t i c a l l y .  
To demonstrate t h a t  t h i s  i s  i n  f a c t  t r u e ,  cons ider  t h e  case  where 
t h e  angles  OOs and Brs  r ep re sen t  t h e  o p t i c a l  and r a d a r  sc reening  
angles  f o r  a  given sc reen  ob jec t  d i s t ance ,  ds, and he ight ,  hs. Using 
equat ion 3-9 t h e  a l t i t u d e  t h a t  can be seen o p t i c a l l y  a t  t h e  range 
d (d > ds) i s  expressed a s :  - 

h = 6080 d t a n  8 + 3(6080) d2 : k = 7/6 
o 0s 7a 

where k = 7/6 i s  t h e  s tandard  e a r t h ' s  r a d i u s  m u l t i p l i e r  f o r  o p t i c a l  
r e f r a c t i o n .  The a l t i t u d e ,  hr ,  t h a t  i s  wi th in  t h e  r a d a r  10s i s  
given by ( f o r  a r b i t r a r y  k) 

h  = 6080 d t a n  BrS + 
6080 dL 

r 2ka 

b.  Taking t h e  d i f f e r e n c e  between h and h we o b t a i n :  o r 
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FIGURF: 2. 4/3 EXEI"I' RADIUS LOW-ALTITUDE COVERAGE CHART 

P a g e  4 P a r  2 



ELE'JATION OF TARGET RELATIVE TO RADAR ANTENNA IN FT x 10s 
0 



FIGURE 4. 4/3 EARTH RADIUS HIGH-ALTITUDE COVERAGE CHAil'I' 
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FIGURE 5. 1.0 EARTH RADIUS COVERAGE CHART 
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FIGURE 7. 1 /2 W T H  RADIUS COVERAGE CHART 
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FIGURE 8. RUNWAY APPROACH COVEFLAGE CHAEiT 
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c. The d i f fe rence  between the  o p t i c a l  and rada r  screening angles go, 
and esr, respect ive ly ,  can be derived by considering each i n  terms 
of equation 3-9. For the  o p t i c a l  case where k = 7/6, t h e  screen 
angle is: 

h - h  3d 
t an  eos - s a s - -  

- 6080 d 7a 
S 

and t h e  radar  screen angle f o r  a r b i t r a r y  k i s  

d. Taking t h e  d i f ference  between equations 3-13 and 3-14 y ie lds :  

I 
3 - ) dS 

t a n  eOs - t an  ers = 7ka 

e .  Subs t i tu t ing  t h i s  r e l a t ionsh ip  i n  equation 3-12 gives 

which f o r  a = 3,437 nau t i ca l  miles i s  

7 
f .  Hence, f o r  k > F, equation 3-17 shows t h a t  ho > hr. This s t a t e s  

t h a t  t h e  radar  can "see" t o  a lower a l t i t u d e  than is v i s i b l e  o p t i -  
c a l l y  beyond a f ixed screening ob jec t .  

g. For t h e  conventional radar  case where k = 4/3, equation 3-15 
reduces t o  

3 - - d  - 3 d  
t an  0 - t an  0 = 6 S =  

S 

0s rs 2 8 - 56a 
3 a 

where a = 3,437 nau t i ca l  miles.  
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h .  Now, f o r  small  angles  

TI t a n  8 = 8 ( i n  r ad i ans )  = 
(180) (60) 

x 8 ( i n  minutes) 

i. Equation 3-18 can t h e r e f o r e  be  w r i t t e n  a s  

where 

'rs = r a d a r  sc reening  angle i n  minutes 

OOS 
= o p t i c a l  sc reening  angle  i n  minutes 

ds 
= d i s t a n c e  t o  s c reen  o b j e c t  i n  n a u t i c a l  mi l e s .  

j .  Also f o r  t h e  k = 4 / 3  case  with small  angles ,  equat ion 3-14 can be  
w r i t t e n  a s  

where 

h = he igh t  of  p o i n t ,  i n  f e e t  

h = he igh t  of  antenna,  i n  f e e t  
a 

d = screening  d i s t a n c e ,  i n  n a u t i c a l  mi les  
S 

a = e a r t h  r a d i u s ,  i n  n a u t i c a l  mi les  

8 = r a d a r  sc reening  angle ,  in '  rad ians  

k. Modifying equat ion 3-20 t o  allow angles  t o  be  measured i n  minutes,  
y i e l d s  
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1 .  The screen  angle  O s l  t o  an o b j e c t  a t  he igh t  hs,  measured from 
antenna he ight  h i  i s  then 

m. I f  a f i x  a t  d i s t a n c e  df and he ight  hf i s  measured from t h i s  po in t  
t o  be A 1  minutes above t h e  screening  p o i n t ,  then  

c. Should t h e  antenna he ight  now be ad jus t ed  t o  a new p o s i t i o n ,  h2, 
which w i l l  cause t h e  f i x  t o  be loca t ed  a t  t h e  screening  angle  Bs2 

o.  Sub t r ac t ing  equat ion 3-24 from 3-23 g ives  

which reduces t o  

p.  A new antenna h e i g h t ,  h2, w i l l  thus  cause t h e  f i x  t o  be seen a t  
t h e  s c reen  angle.  

q .  Likewise, i f  t h e  f i x  l i e s  below t h e  screening  p r o f i l e  by an angle  
o f  A2 minutes,  a new antenna he igh t ,  h2, w i l l  a l low t h e  f i x  t o  be  
seen  a t  t h e  screening  angle.  In  t h i s  case  
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OUTLINE OF SITING REPORT 

i Title Page 

ii Forward (describing authorization for siting, type equipment to be 
installed, principal airport served, period of study, and names/ 
titles of contributing personnel) 

iii Distribution Page 

iv Table of Contents 

v List of Illustrations 

TECHNICAL CONTENT OF REPORT 

SITING REQUIREMENTS 

A. ATC Requirements 

1. Primary Airport Served (high, low, intermediate activity) 

2. Coverage Requirements 

(a) Table of .Fixes 
(b) Principal/Worst Case Aircraft Type 

3. Special Constraints/Requirements 

(a) Runway Coverage 
(b) No Airport Property Available 
(c) Interface with Existing ATC Facilities 

B. Equipment/Operational Requirements (Frequency, PRF, etc.) 

SUMMARY REVIEW OF RESULTS/RECOMMENDATIONS 

A. Identification/Description of Sites Surveyed 

1. Identification 

(a) Name/Number 

(1) Percent of Fixes Covered 
(2) Identify Fixes not Covered 
(3) Reason (i.e., Screen, Lobing, Rangential Course, 

etc .) for no Coverage 

Page 1 



6310,6 

Appendix 4 

(b) Summary Comparison of Operational Performance 

False Targets (Beacon and ASR) 
Second-Time-Around 
Clutter 
Lobing 
Tangential Course Problems 
Shadowing/Shielding 
Interference 
Costs 

'2. Recommended Site 

(a) Recommended Installation/Operational Conditions (stc, 
tilt, antenna height, rag, beacon power, prf) 

(b) Coverage Deficiencies/Limitations 
(c) Flight-Check Recommendations 

111. SITING INVESTIGATIONS/ANALYSIS/DISCUSSION 

A. Preliminary Investigations 

1. Identification/Description of all Sites Investigated 

2. Environmental Impact Assessment 

3. Reasons for Rejecting Various Sites 

4.  Reasons for Selecting Sites for Detailed Survey 

5. Meteorological/Climatological Data 

B. Site #1 Analysis 

1. Site Description 

(a) Location (longitude/altitude) 
(b) MSL Elevation 
(c) Site Terrain/Geological Features (general description 

of site data to include soil conditions, slope gradi- 
ents, etc.) 

(d) Surrounding Terrain Features (mountain, coastal, etc.) 
(e) Complete FAA Form 402 
(f) Panoramic Photographs 

2. Coverage Analysis 

(a) Screening Profile Graph 

Page 2 



6310.6 

Appendix 4 

(1) LOS Coverage t o  Fixes 
(2) Recommended Antenna Height 

(b) LOS Boundary Diagram 

( 1) Air-Route Coverage 

(c)  Ver t i ca l  ASR Coverage 

(1) Range Coverage t o  Fixes 
(2) Recommended T i l t  Angle 

(d) Beacon Coverage 

(1) Recommended Power 

(e )  Runway Coverage ( i f  requi red)  

3 .  Lobing Analysis 

4. Beacon False Target  Analysis 

5. C l u t t e r  Analysis 

(a)  Radar In -C lu t t e r  Coverage 
(b) Permanent Echoes 
(c)  Surface T r a f f i c  

6. Tangent ial  Course Analysis 

7 .  Second-Time-Around 

8. Engineering and Construct ion Data 

(a )  Recommended Antenna Tower Height 
(b) Requirements f o r  Access Road 
(c) UTILITY Requirements 

(1) Commercial Power (show r o u t e  o f  power l i n e s )  
( 2 )  Telephone I n s t a l  l a t i o n  
(3)  Water/Sani tat ion 

(d) S i t e  Improvements 

(1) Grading 
(2)  Clear ing  
(3) Landscaping 
(4) S e c u r i t y  Fence 
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9. Real Estate Data 

(a) Acreage of Land Selected 
(b) Easements and/or Right of Way Requirements for Roads, 

Utilities, Prevention of Future Construction, etc. 
(c) Name of Owner or Agent 
(d) Is Property Occupied or In Use? 
(e) Can FAA Acquire Land 
(f) Purchase or Leasing Cost 

10. Cable Route Survey 

(a) Show Routing and Length of Cable 

11. RML Path Survey 

(a) Show RML Path(s) 
(b) Indicate Need for One Path or Multiple Path With 

Repeater 
(c) Estimated RML Tower Height/Antenna Location 
( d) Recommended Frequencies 

12. MTI Reflector Installation 

(a) Number and Location of MTI Reflectors 
(b) Exceptions Taken in Standard Number or Location Desired 

(i.e., use of permanent echo targets, off runway center- 
line location, etc.) 

13. Recommended Installation/Operation Parameters 

(a) Antenna Height 
(b) Antenna Tilt Angle 
(c) Expected CP and LP Usage 
(d) RAG Recomendat ions 
(e) STC Recommendations 
(f) Recommended Beacon Power 
(g) Recommended PRF 

14. Miscellaneous 

(a) Interference Problems 
(b) Corrosive Environments 

15. Cost Estimates 

C. Site #2 Analysis 

(repeat for each site surveyed) 

IV. CORRESPONDENCE/FINAL SITE APPROVAL 
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APPENDIX 5 

DESCRIPTION OF AVAILABLE COMPUTER PROGRAMS 
BENEFICIAL TO RADAR SITE SELECTION 

1. INTRODUCTION. 

a .  The s e l e c t i o n  of s i t e s  f o r  FAA termina l  r a d a r  and beacon con t ro l  
f a c i l i t i e s  can be thought o f  a s  a  twofold problem: The geograph- 
i c a l  l o c a t i o n  o f  t h e  s i t e  and t h e  performance c a p a b i l i t y  of t h e  
equipment a t  t h e  geographical  l oca t ion .  I n  e i t h e r  ca se ,  t h e  engi-  
nee r  i s  faced  wi th  a  number o f  parameters t o  be eva lua ted  i n  o rde r  
t o  a s s e s s  t h e  system performance o r  t o  choose a  p a r t i c u l a r  l oca t ion  
f o r  t h e  equipment. Some o f  t h e  major parameters  t h a t  an engineer  
would be concerned about a r e :  

Topographic environment - t h i s  would be  used t o  determine 
r a d a r  coverage wi th  r e spec t  t o  d e t e c t i o n  o f  incoming and de- 
p a r t i n g  t a r g e t s ;  t o  l o c a t e  equipments i n  a r e a s  where t h e r e  i s  
a  maximum amount o f  r f i  sh i e ld ing ,  t h e r e f o r e  minimizing i n t e r -  
fe rence  t o  and from o t h e r  equipments. 

Round r e l i a b i l i t y  - t h i s  i s  t h e  p r o b a b i l i t y  t h a t  a  given 
ATCRBS i n t e r r o g a t i o n  w i l l  e l i c i t  a  r e p l y  from a p a r t i c u l a r  
t ransponder .  Low-round r e l i a b i l i t y  r e s u l t s  i n  degradat ion o f  
azimuth accuracy. 

Re f l ec t ions  - r e f l e c t i o n s  from su r faces  such as bu i ld ings ,  
towers,  parked a i r c r a f t ,  e t c . ,  can cause f a l s e  r e p l i e s  which 
a r e  d isp layed  a t  t h e  azimuth o f  t h e  r e f l e c t i n g  s u r f a c e  r a t h e r  
than t h e  t r u e  azimuth o f  t h e  a i r c r a f t .  

F r u i t  - f r u i t  a r e  asynchronous beacon r e p l i e s  generated by 
a i r c r a f t  being i n t e r r o g a t e d  by s t a t i o n s  o t h e r  than  t h e  r e -  
ce iv ing  s t a t i o n .  F r u i t  causes f a l s e - t a r g e t  genera t ion  and 
v a l i d  r e p l y  ga rb l ing .  

Ver t i ca l  p a t t e r n  lobing - t h e  v e r t i c a l  r a d i a t i o n  p a t t e r n s  
d isp layed  peaks and n u l l s  caused by ground r e f l e c t i o n s .  The 
n u l l s  r e s u l t  i n  missed r e p o r t s ,  thereby c r e a t i n g  a  degradat ion 
i n  system e f f e c t i v e n e s s .  

b .  Recently a  survey was conducted t o  l o c a t e  and eva lua t e  computer 
programs which would provide engineers  with d a t a  regard ing  t h e s e  
and o t h e r  parameters  important t o  r ada r  s i t i n g  a n a l y s i s .  This  
r e p o r t  i s  a  r e s u l t  of t h a t  survey. The r e p o r t  conta ins  resumes of  
a l l  computer models deemed s i g n i f i c a n t  t o  r a d a r  s i t i n g .  A b r i e f  
s ta tement  of t h e  purpose, a p p l i c a t i o n ,  input  d a t a  requirements ,  
and output  d a t a  content  i s  presented  f o r  each model. Also provided 
is  a  b r i e f  summary of t h e  app l i cab le  l i m i t a t i o n s  on t h e  use  of t h e  
model. 
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2 .  COMPUTER MODELS. 

a .  This sec t ion  contains descr ip t ions  of computer automated ana lys i s  
systems which a r e  appl icable  t o  r ada r  s i t i n g  problems. The com- 
puter  programs described here in  should provide t h e  engineer with 
a s s i s t a n c e  i n  the  following a reas :  

(1) Se lec t ing  locat ions  f o r  equipment. 

(2) Evaluating p o t e n t i a l  s i t e s  f o r  l ine-of-s ight  coverage. 

(3)  Evaluating p o t e n t i a l  s i t e s  f o r  compat ib i l i ty  with surrounding 
e l e c t r o n i c  and topographic environment. 

(4) Selec t ing  frequency. 

(5) Determining power d e n s i t i e s .  

( 6 )  Determining e f f e c t s  of p lac ing new systems i n t o  present  and 
f u t u r e  environments. 

b. In addi t ion  t o  a resume of technica l  information, t h e  agency o r  
organizat ion i n  possession of t h e  program i s  i d e n t i f i e d  f o r  each 
computer model summarized. Organizations named a re :  

(1) Electromagnetic Compatibility Analysis Center (ECAC). 

(2) Cornell Aeronautical Laboratories. 

(3) Transportat ion Systems Center. 

c .  User contact  with any of these  organizat ions should, o f  course, be 
arranged through the  appropr ia te  FAA channels. 

d. I t  should be noted t h a t  t h e  opera t ional  computer models e x i s t i n g  
a t  t h e  ECAC can be run with e i t h e r  an e x i s t i n g  data  base o r  with 
user  supplied input  da ta .  A descr ip t ion  of  t h e  ECAC d a t a  base can 
be found i n  paragraph 4 of t h i s  appendix. 

e .  S i t e  Analysis Model (SAM) 

(1) Purpose. The Sam i s  a computerized system which determines 
t h e  areas  about one o r  more s i t e s  i n  which a t a r g e t  can appear 
without being detected.  SAM has been designed t o  handle the  
problem of s i t e  s e l e c t i v i t y  and compat ib i l i ty  with surrounding 
t e r r a i n .  
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(2 )  Descr ip t ion .  

( a )  SAM i s  a  sequenced c o l l e c t i o n  of  computer programs which 
u t i l i z e  a  topographic da t a  base t o  determine a r e a s  of  
p r o t e c t i o n  a g a i n s t  d e t e c t i o n  f o r  s p e c i f i e d  f l i g h t  pa ths  
wi th in  a  given geographic problem a r e a .  SAM can be  con- 
s i d e r e d  t o  have t h r e e  major phases:  

1. P r o f i l i n g .  - 

2. Line-of-s ight  c a l c u l a t i o n s .  - 

3 .  Output formula t ion .  - 

(b) The problem a r e a  i s  considered t o  be covered by a  g r i d  
o f  v a r i a b l e  dimensions. Each i n t e r s e c t i o n  p o i n t  on t h i s  
g r i d  i s  considered a s  a  hypo the t i ca l  t a r g e t  l o c a t i o n  and 
i s  analyzed t o  determine i f  i t  i s  v i s i b l e  t o  t h e  inc re -  
ment along t h e  g r e a t  c i r c l e  pa th  between t h e  s i t e  and 
each endpoint .  Each p r o f i l e  i s  examined t o  determine 
l i n e - o f - s i g h t  and t h e  e l e v a t i o n  of  t h e  r a d a r  above s e a  
l e v e l  a t  t h e  g r i d p o i n t .  This  va lue  i s  maintained f o r  
each p r o f i l e  and forms t h e  b a s i s  f o r  t h e  genera t ion  of  
t h e  output  d i sp l ay .  This  program o f f e r s  t h e  use r  an 
opt ion  of forming a  s e r i e s  of over lays  r e f l e c t i n g  var ious  
combinations f o r  each s i t e  i n  t h e  group which a r e  s t o r e d  
and l a t e r  r e c a l l e d  and combined on t h e  b a s i s  o f  a  master  
combination l i s t  formed from inpu t  d a t a .  To gene ra t e  
t h e  output  ove r l ays ,  t h e  beam e l e v a t i o n s  a r e  r e t r i e v e d  
and compared i n  t u r n  t o  t h e  approach a l t i t u d e  o f  t h e  t a r -  
g e t  t o  determine i f  s h i e l d i n g  occurs  a t  t h a t  p o i n t .  The 
program i n d i c a t e s  t h e  s t a t u s  of  t h e  t a r g e t  a t  each p o i n t  
forming t h e  over lay .  A mask p l o t  may be produced i n d i -  
c a t i n g  s h i e l d e d  ve r sus  de t ec t ed  a r e a s ,  o r  t h e  degree of 
s h i e l d i n g  o r  v u l n e r a b i l i t y  a t  each po in t  may be  
represented .  

(3) Inputs .  

(a )  The inpu t  t o  t h i s  program c o n s i s t s  o f  d i g i t i z e d  topo- 
graphic  d a t a ,  s i t e  coord ina tes ,  t a r g e t  a l t i t u d e ,  and a  
s c a l e  f o r  t h e  main over lay .  For t h e  ove r l ay ,  t h e  f o l -  
lowing parameters  a r e  r equ i r ed :  

1. Center  l a t i t u d e  (degrees) .  - 

2 .  Center  longi tude  (degrees) .  - 

Pas 2 

3. Grid spac ing  f o r  over lay .  - 
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Number of  rows f o r  over lay  (maximum of 75) .  

Number of columns f o r  overlay (maximum o f  123). 

Number of s i t e s  t o  b e  processed (maximum of 50). 

Radius o f  a r e a  covered by overlay (mi les) .  

Spacing of  e l eva t ions  along p r o f i l e .  

Number of antenna heights .  

Number of  t a r g e t  a l t i t u d e s .  

Scale  f a c t o r  f o r  c a l c u l a t i n g  degree of  sh ie ld ing  o r  
degree of v u l n e r a b i l i t y .  

Combination option (1 = yes, 0  = no).  

Overlay option (0 = sh ie ld ing  only, 1 = v u l n e r a b i l i t y  
only, 2 = both) .  

(b) The following s i t i n g  parameters a r e  required f o r  each 
s i t e  t o  be processed: 

1. Lat i tude  (degrees) . - 
2 .  Longitude (degrees) .  - 

3. Range. - 
4. S i t e  e levat ion .  - 
5. Antenna height  ( f o r  each antenna with a  maximum of  - 

four)  . 
(4) Outputs. A map overlay showing t h e  degree of t e r r a i n  sh ie ld -  

ing  a t  radar  o r  communication s i t e s .  

(5) Applicat ions.  

(a) Used t o  obta in  overlays showing l ine -o f - s igh t  coverage 
f o r  radar  i n s t a l l a t i o n s .  

(b) Used t o  determine t a r g e t  pene t ra t ion  routes  which w i l l  
provide maximum shie ld ing f o r  a i r c r a f t .  

Page 4  

(c) Used t o  show shie ld ing aga ins t  r a d i a t i o n  from high- 
powered equipment. 
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(d) Used t o  loca te  equipment i n  areas  where t h e r e  i s  a maxi- 
mum amount of sh ie ld ing .  

(6) Limitat ions.  

(a) Masking caused by c l u t t e r  i s  no t  included. 

(b) Ver t i ca l  antenna p a t t e r n s  a r e  not  included. 

( 7 )  Agency. 

Electromagnetic Compatibility Analysis Center (ECAC) 
North Severn 
Annapolis, Maryland 21402 

f .  Target Acquisi t ion Model 

Purpose. To analyze t h e  e f f e c t  of  topography on t h e  t a r g e t  
acqu i s i t ion  c a p a b i l i t y  of an equipment. 

Description. The coordinates o f  t h e  s i t e  loca t ion ,  t h e  topo- 
graphic da ta  f o r  t h e  des i red  a r e a  around t h e  s i t e ,  and t h e  
t a r g e t  a l t i t u d e  a r e  used t o  generate topographic p r o f i l e s  
along r a d i a l s  extending outward from t h e  s i t e  and spaced a t  
equi-angular increments about t h e  s i t e .  The p r o f i l e s  have 
been normalized t o  an e a r t h ' s  radius  g r e a t e r  than t h e  t r u e  
e a r t h ' s  r ad ius  t o  account f o r  bending due t o  atmospheric re-  
f r a c t i v i t y .  . P o i n t s  along t h e  p r o f i l e s  may be p r in ted  o r  
p lo t t ed .  These p r o f i l e s  a r e  then used t o  determine the  d i s -  
tances a t  which t a r g e t s ,  approaching t h e  s i t e  a t  a given a l t i -  
tude,  w i l l  be de tec ted .  

(a) Digi t ized  topographic d a t a .  

(b) S i t e  coordinates.  

(c) Target a l t i t u d e .  

(d) Scale  f o r  map overlay.  

Outputs . 
(a) Map overlay showing l ine-of-s ight  contour and,contours 

showing acqu i s i t ion  d is tance  f o r  t a r g e t s  a t  s p e c i f i e d  
a l t i t u d e s .  

Par 2 

(b) The e levat ion  angle t o  t h e  radar  horizon is  provided f o r  
each azimuth spec i f i ed .  
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(5) Applicat ions.  

(a) Used t o  evaluate  radar  s i t e s .  

(b) Used t o  determine t h e  l ine-of-s ight  contour and t a r g e t  
acqu i s i t ion  contour f o r  various t a r g e t  a l t i t u d e s .  

(6) Limitat ions.  Only t h e  l imi t ing  l ine-of-s ight  along each 
r a d i a l  from a s i t e  is ava i l ab le .  Shie ld ing t h a t  may e x i s t  a t  
po in t s  wi th in  the  l ine-of-s ight  contour is  not  determined. 

( 7 )  Agency. 

Electromagnetic Compatibility Analysis Center (ECAC) 
North Severn 
Annapolis, Maryland 2 1402 

g. Smooth Curve Smooth Earth Propagation Model (SCSE) 

(1) Purpose. The scse  provides a c a p a b i l i t y  t o  compute propa- 
ga t ion  path  l o s s  f o r  smooth e a r t h  s i t u a t i o n s .  

(2) Description. 

(a) The model i s  based on s t a t e -o f - the -a r t  propagation 
theory.  Included a r e  t h e  following propagation modes: 

1. Ref lec t ion .  - 

2. Intermediate. - 
3. Diff rac t ion .  - 
4. Tropospheric s c a t t e r .  - 

(b) This model is  used t o  compute path loss  when t h e  f r e -  
quency is  above 1000 MHz. I t  may, with some r e s t r i c -  
t i o n s ,  a l s o  be used f o r  propagation frequencies down t o  
50 MHz. 

(3) Inputs .  

(a) Frequency . 
(b) Path d i s t ance .  

(c) Ef fec t ive  antenna heights .  

(d) Refract ion index. 
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( f )  Ground cons t an t s .  

(4 )  Outputs.  Transmission l o s s  i n  dB f o r  each path of  i n t e r e s t .  

(5) Appl ica t ions .  

(a)  Used a s  propagat ion model f o r  Ter ra in  In t eg ra t ed  I n t e r -  
f e r ence  P red ic t ion  Systems (TIIPS) model B and pu l se  
d e n s i t y  model. 

(b) Used t o  compute t ransmiss ion  l o s s .  

(c )  Used t o  perform parameter s e n s i t i v i t y  a n a l y s i s .  

(6) Limi ta t ions .  

(a )  Te r ra in  f e a t u r e s  not  inc luded .  

(b) Maximum antenna h e i g h t s  a r e  frequency dependent. 

(7) Agency. 

Electromagnet ic  Compatibi l i ty  Analysis  Center (ECAC) 
North Severn 
Annapolis,  Maryland 21402 

h. Pulse  Density Model 

(1) Purpose. To determine t h e  d i s t r i b u t i o n  of  i n t e r f e r i n g  pu l se s  
a t  t h e  inpu t  t o  a  r e c e i v e r .  

Descr ip t ion .  The t r a n s m i t t e r  input  t o  t h e  pu l se  dens i ty  
model can be  generated from t h e  E - f i l e  o r  t h e  engineer  may 
gene ra t e  h i s  own t echn ica l  c h a r a c t e r i s t i c s .  In  e i t h e r  case, a  
f i l e  o f  equipment records  i s  c rea t ed .  Once t h e  l o c a t i o n s  o f  
t h e  equipment w i th in  t h e  problem a r e a  a r e  known t h e r e  a r e  two 
v a r i a b l e s  t h a t  may a f f e c t  t h e  p u l s e  count a t  a  given  receive^; 
t h e  i n t e r f e r i n g  t r a n s m i t t e r  f requencies  and t h e  antenna o r i -  
e n t a t i o n  o f  t h e  i n t e r f e r i n g  t r a n s m i t t e r s .  In  o r d e r  t o  do an 
a n a l y s i s  of  t h e  cumulative e f f e c t  of a  pulsed environment on 
a  r e c e i v e r ,  t h e  pu l se  d e n s i t y  model a s s igns  ope ra t ing  f r e -  
quencies  t o  t h e  i n t e r f e r i n g  t r a n s m i t t e r s .  The model then  
t akes  i n t o  account t h e  e f f e c t s  of  antenna motion. This i s  
done by c a l c u l a t i n g  t h e  p r o b a b i l i t y  o f  occurrence of va r ious  
l e v e l s  of  mutual ga in  coupling f o r  p a i r s  of  r o t a t i n g  o r  scan- 
n ing  antennas.  Each mutual ga in  l e v e l  i n  t h e  d i s t r i b u t i o n  
r e s u l t s  i n  a corresponding i n t e r f e r e n c e  l e v e l ,  which y i e l d  a  
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d i s t r i b u t i o n  of  inner  l eve l s .  The number of pulses  a t  each 
inner  l eve l  i s  obtained by mult iplying t h e  pulse  r e p e t i t i o n  
frequency f o r  a  given t r a n s m i t t e r  by t h e  p r o b a b i l i t y  of occur- 
rence of  t h a t  power l e v e l .  The number of  pulses  occurring a t  
each l e v e l  (pulse count) i s  accumulated f o r  each rece ive r  
wi th in  t h e  problem a rea .  

(3) Input.  

(a) Description of  pulsed rece ive r s  being analyzed. 

(b) Description o f  t r a n s m i t t e r  equipment i n  a r e a  and f r e -  
quency band of  i n t e r e s t  (ECAC E - f i l e  o r  manual i n p u t ) .  

(c) 'Parameters t o  def ine  p robab i l i ty  dens i ty  funct ions  t o  be 
used f o r  s t a t i s t i c a l l y  ass igning opera t ing  frequency. 

(4) Output. 

(a) Expected number of pulses/second t h a t  e n t e r  a  r ece ive r  
a t  spec i f i ed  inner  l e v e l s .  (This output may be obtained 
f o r  an individual  t r ansmi t t e r ,  f o r  a l l  t r ansmi t t e r s ,  o r  
categorized by pulse  width.) 

(b) Plo t  o f  t h e  number of i n t e r f e r i n g  pulses/second above 
a spec i f i ed  threshold as  a  function of frequency. 

(5) Applicat ions.  

(a) To determine the  cumulative in te r fe rence  e f f e c t  a t  the  
input  t o  a  pulsed rece ive r .  

(b) To determine i f  t h e  p r f  agrees with t h e  requi red  opera- 
t i o n a l  p r f .  

( 6 )  Limitat ion.  

(a) Antenna p a t t e r n  is s t a t i s t i c a l l y  based on a l imi ted  number 
of  antenna types.  

(b) Does not include in te r fe rence  pulses  received v i a  r e -  
f l e c t i o n s  from t e r r a i n  and man-made s t r u c t u r e s .  

(7) Agency. 
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i. Power Density Display Program 

(1) Purpose. To generate a  map overlay showing power dens i ty  
contours. 

(2) Description. 

(a) The power, antenna gain,  frequency, and locat ion  of a l l  
equipment within t h e  problem areas  a r e  used t o  compute 
t h e  power dens i ty .  The power dens i ty  is  computed by 
determining the  propagation l o s s  value between each t r a n s -  
m i t t e r  and receiver .  The power dens i ty  d i sp lay  program 
o f f e r s  both a rough and a smooth e a r t h  case.  The t e r r a i n  
p r o f i l e  f o r  the  rough e a r t h  case i s  constructed between 
t r ansmi t t e r  and rece ive r  and t h e  propagation loss  i s  ca l -  
culated by t i rem (see p a r  2 j ) .  For t h e  smooth e a r t h  case,  
no p r o f i l e s  a r e  constructed.  Here, t h e  e levat ions  a t  the  
path end po in t s  a r e  r e t r i e v e d  from topographic da ta ,  and 
t h e  In tegra ted  Propagation System (IPS) i s  used t o  calcu- 
l a t e  t h e  propagation loss .  The power dens i ty  a t  a  point  
i s  determined by e i t h e r  summing t h e  e f f e c t s  of a l l  emi t t e r s  
o r  by considering only t h e  most s i g n i f i c a n t  cont r ibutor .  

(b) In addi t ion  t o  t h e  power dens i ty  overlay,  t h e  following 
overlays a r e  a l s o  avai lable :  l ine -o f - s igh t ,  propagation 
loss ,  s igna l  s t r eng th  a t  t h e  rece iver ,  and s igna l - to -  
noise .  

(3) Inputs .  

(a) For t h e  overlay, the following parameters a r e  required:  

1. Overlay cen te r  ( l a t i t u d e  and longitude).  - 

2. Map r a t i o .  - 

3. Number of s i t e s  (maximum of 26). - 
4. Radius about overlay cen te r .  - 

(b) For t h e  s i t e , t h e  following parameters a r e  required:  

1. Lati tude and longitude.  - 
2. S i t e  e levat ion .  - 

3 .  Transmitter  tuned frequency (MHz) . - 
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4. Transmit ter  output power (kW). - 
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Transmit ter  antenna height  ( f e e t ) .  

Transmit ter  antenna gain (dB). 

Polar iza t ion  ( v e r t i c a l  o r  hor i zon ta l ) .  

Transmitter hor izonta l  beamwidth f o r  d i r e c t i o n a l  
antennas (degrees).  

Transmit ter  point ing  azimuth f o r  d i r e c t i o n a l  antennas 
(degrees).  

Receiver antenna height  ( f e e t ) .  

Receiver antenna gain (dB). 

Receiver s e n s i t i v i t y  (dBm) . 
(4) Outputs. 

(a) A map overlay showing the  power dens i ty  contours over a  
spec i f i ed  area  of i n t e r e s t .  

(b) Propagation path loss .  

(c) Power dens i ty  ( d ~ m / m ~ )  . 
(d) Distance from t ransmi t t e r  t o  l ine-of-s ight  ( s t a t u t e  

mi les) .  

(e) Distance from rece ive r  t o  l ine-of-s ight  ( s t a t u t e  mi les) .  

(5) Applications. 

Used f o r  performing s i t e  ana lys i s .  This model may be 
used t o  assess  the  r e l a t i v e  meri ts  of  a  s e t  o f  proposed 
s i t e s  within a given area .  The r a t i n g  i s  based on t h e  
number of v ic t im systems found within a given power 
dens i ty  contour. 

Used t o  generate a  map overlay showing power dens i ty  
contours based on one o r  more spec i f i ed  emi t t e r s .  

Used t o  check coverage of communications s t a t i o n s  t r ans -  
mi t t ing  t o  mobile r ece ive r s .  

Used t o  i d e n t i f y  areas  where power l eve l s  would be suf-  
f i c i e n t  t o  cause in te r fe rence  with o the r  opera t ing  sys- 
tems within t h e  a rea .  
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Limi ta t ions .  

(a )  Not app l i cab le  below 40 MHz. 

(b) Tropospheric duc t ing  not  included.  

Agency. 

Electromagnet ic  Compat ib i l i ty  Analysis  Center  (ECAC) 
North Severn 
Annapolis,  Maryland 21402 

j. Ter ra in  In t eg ra t ed  Rough Ear th  Model (TIREM) 

(1) Purpose. The func t ion  of  t i r e m  i s  t o  provide an automatic  
c a p a b i l i t y  f o r  computing propagat ion p a t h  l o s s  i n  t h e  f r e -  
quency range of  40 t o  20,000 MHz. 

(2) Descr ip t ion .  

(a )  The model i s  based on s t a t e - o f - t h e - a r t  propagat ion theory .  
TIREM inco rpora t e s  a  number of  d i f f e r e n t  propagat ion 
modes t o  c a l c u l a t e  propagat ion p a t h  l o s s  w i th in  t h e  l i m -  
i t i n g  frequency range.  Included i n  t i r em a r e  t h e  follow- 
ing  rough e a r t h  propagat ion models: 

1. D i f f r a c t i o n .  - 

3. Tropospheric s c a t t e r .  - 
4. Knife-edge d i f f r a c t i o n  ( s i n g l e ,  sharp  o b s t a c l e ) .  - 

(b) The system inc ludes  t h e  c a p a b i l i t y  t o  au toma t i ca l ly  
gene ra t e  t e r r a i n  p r o f i l e s  from an e x i s t i n g  d i g i t i z e d  
t e r r a i n  d a t a  base.  The system can a l s o  be used with 
manually i npu t  t e r r a i n  p r o f i l e  d a t a .  The system w i l l  
s e l e c t  t h e  app ropr i a t e  mode o f  propagat ion based upon 
inpu t  parameters  and then  t h e  va r ious  formulae a r e  
app l i ed  t o  compute t h e  p a t h  l o s s .  

(3)  Inputs .  

( a )  D ig i t i zed  topographic d a t a .  

(b) coo rd ina t e s -  o f  p a t h  and p o i n t s .  

(c )  Antenna he igh t s .  
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(d) Frequency. 

(e) Po la r i za t ion .  

( f )  Ground constants .  

(g) Atmospheric r e f r a c t i v i t y .  

(h) Climate. 

(4) Outputs. 

(a) Median propagation l o s s  including power fading s t a t i s t i c s .  

(b) Topographic p r o f i l e .  

(c)  S c a t t e r  angle, e l eva t ion  angle,  Fresnel r e f l e c t i o n  co- 
e f f i c i e n t ,  and e f f e c t i v e  antenna heights  a r e  a v a i l a b l e  
from intermediate computations. 

(5) Applicat ions.  

(a) Used t o  p r e d i c t  propagation l o s s  over spec i f i ed  paths  a s  
a  funct ion  of t e r r a i n  and time v a r i a t i o n s .  

(b) TIREM is  t h e  propagation model employed i n  TIIPS model B .  
I t  i s  a l s o  used t o  provide propagation l o s s  ca lcu la t ions  
f o r  TIPPS second-level ana lys i s .  

(6) Limitat ions.  

(a)  Not app l i cab le  below 40 Miz s i n c e  skywave, su r face  wave, 
and e a r t h  ionospheric waveguide modes a r e  not  included. 

(b) Tropospheric ducting not included. 

( 7 )  Agency. 

Electromagnetic Compatibility Analysis Center (ECAC) 
North Severn 
Annapolis, Maryland 21402 

k .  TIIPS First-Level  Analysis 

(1) Purpose. TIPPS f i r s t - l e v e l  ana lys i s  i s  a program designed t o  
analyze poss ib le  in te r fe rence  cases,  using as  inpu t ,  an envi- 
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(2)  Description. 

(a) TIIPS cons i s t s  of t h e  following t h r e e  computer programs: 

1. Input processor program. - 

2 .  Environment reduction analyzer  program. - 

3. Output processor program. - 

(b) The input  processor program allows t h e  engineer f l e x i -  
b i l i t y  i n  s e l e c t i n g  only s p e c i f i c  records within an en- 
vironment, o r  s e l e c t i n g  and modifying items wi th in  a 
given c l a s s  of  records .  I t  a l s o  checks t o  a s su re  t h a t  
a l l  da ta  needed f o r  ca lcu la t ions  e x i s t .  When t h e r e  i s  
missing data ,  an appropr ia te  value i s  obtained from 
t a b l e s .  The a c t u a l  ana lys i s  performed wi th in  t h e  envi- 
ronment reduction analyzer  program allows t h e  option f o r  
t h e  computation of  e i t h e r  t h e  s igna l - to - in te r fe rence  
r a t i o  o r  requi red  d i s t ance  separa t ion .  The former is  
employed when t h e  equipment has f ixed  pos i t ions ;  t h e  
l a t t e r  i s  used when equipment i s  mobile. The output 
processor program provides a f l e x i b l e  general  output 
formatt ing capab i l i ty .  With t h i s  program, t h e  engineer 
may spec i fy  t h e  exact  items des i red  and t h e  p r e c i s e  
pos i t ioning on t h e  p r i n t e r  output page. 

(3) Inputs .  Location of equipment ( e i t h e r  E - f i l e  o r  manual input)  ; 
technica l  and operat ing c h a r a c t e r i s t i c s  of equipment ( e i t h e r  
NCF f i l e  o r  manual inpu t ) .  

(4 )  Outputs. 

(a) S ignal - to- in ter ference  r a t i o .  

(b) Minimum d i s t ance  separa t ion  t o  avoid in te r fe rence .  

(c) Power dens i ty .  

(d) In ter ference- to-noise  r a t i o .  

(5) Applicat ions.  

(a) To separa te  equipment which w i l l  not cause i n t e r f e r e n c e  
from those  equipment t h a t  w i l l  cause i n t e r f e r e n c e  i n  an 
environment where a l a rge  number of s i g n a l  combinations 
e x i s t .  
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(b) Used a s  input  t o  t h e  model B program. 

Page 13 



Appendix 5 

( 6 )  Limitat ions.  

(a)  Treats  r ece ive r  a s  a l i n e a r  system. 

(b) Ver t ica l  antenna p a t t e r n s  not  included. 

(7) Agency. 

Electromagnetic Compatibility Analysis Center (ECAC) 
North Severn 
Annapolis, Marytand 21402 . 

1. TIIPS Second-Level Analysis 

(1) Purpose. The purpose of t h e  TIIPS second-level ana lys i s  is  
t o  perform ca lcu la t ions  of  s igna l - to - in te r fe rence  r a t i o s  and 
required  d i s t ance  separa t ions .  

Description. This program uses e i t h e r  equipment charac ter -  
i s t i c s  o r  a point  s e t  desc r ip t ion  of  emission spectrum and 
rece ive r  s e l e c t i v i t y .  I t  then employs t h e  modulation or iented  
t r ansmi t t e r  synthes is  (mots) t o  est imate t h e  emission spec t ra  
a s  a funct ion  of  modulation type f o r  a l l  modulation codes. 
Then t h e  off-frequency r e j e c t i o n  i s  ca lcu la ted  from e i t h e r  
synthesized spec t ra  and s e l e c t i v i t y  curves of measured s p e c t r a  
o r  s e l e c t i v i t y  curves. A numerical in teg ra t ion  technique i s  
used t o  ob ta in  t h e  off-frequency r e j e c t i o n  curve. Then e i t h e r  
t h e  frequency dis tance  separa t ion  curves o r  s igna l - to - in te r -  
ference r a t i o s  a r e  computed using t h e  off-frequency r e j e c t i o n .  

(3) Inputs .  

(a)  Location of equipment ( e i t h e r  E - f i l e  o r  manual inpu t ) .  

(b) Equipment c h a r a c t e r i s t i c s  (NCF f i l e  o r  manual input)  . 
(c) Point  s e t  descr ip t ion  of emission spectrum and receiver  

s e l e c t i v i t y  using NCF f i l e .  

(4) Outputs. 

(a) S ignal - to- in ter ference  r a t i o .  

(b) Off-frequency r e j e c t i o n  curves. 
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(5) Appl ica t ions .  

(a)  Used t o  s e p a r a t e  equipment which w i l l  no t  cause i n t e r -  
f e r ence  from t h e  equipment t h a t  w i l l  cause i n t e r f e r e n c e  
i n  an environment where a l a r g e  number of  i n t e r f e r e n c e  
combinations e x i s t .  

(b) Used t o  gene ra t e  frequency d i s t a n c e  sepa ra t ion  curves t o  
be used a s  i npu t  t o  t h e  model B system. 

(6) Limi ta t ions .  

(a )  T r e a t s  r e c e i v e r  a s  a l i n e a r  system. 

(b) V e r t i c a l  antenna p a t t e r n s  not  included.  

(c )  High power e f f e c t s  no t  considered.  

( 7 )  Agency. 

Electromagnet ic  Compat ib i l i ty  Analysis  Center (ECAC) 
North Severn 
Annapolis, Maryland 21402 

m. Model B 

(1) Purpose. The purpose of t h e  model B program i s  t o  perform 
a n a l y s i s  between a l l  combinations of  environmental r eco rds .  

(2) Descr ip t ion .  The model B program u t i l i z e s  two s e p a r a t e  analy- 
sis techniques .  In  t hose  cases  where an  i n t e r f e r i n g  t r a n s -  
m i t t e r  and v i c t i m  r e c e i v e r  a r e  wi th in  t h e  same freq;ency sepa- 
r a t i o n  (from a s p e c i f i c  frequency assignment) they  a r e  com- 
pared  wi th  an appropr i a t e  po in t  on a frequency d i s t a n c e  curve 
t o  determine i f  a p o s s i b i l i t y  f o r  i n t e r f e r e n c e  e x i s t s .  For 
an i n t e r f e r i n g  t r a n s m i t t e r  and v i c t im  r e c e i v e r  t h a t  a r e  n o t  
wi th in  t h e  same frequency band, a r a p i d  c u l l  type  technique 
has been devised t o  determine i f  a p o t e n t i a l  i n t e r f e r e n c e  
s i t u a t i o n  e x i s t s .  

(3)  Inputs .  Same i n p u t s  a s  TIIPS f i r s t - l e v e l  and t i r e m  models. 

(4)  Outputs.  

(a)  S igna l - to - in t e r f e rence  r a t i o  us ing  rough e a r t h  
propagat ion.  

(b) Equipment s e l e c t e d  us ing  frequency c o n s t r a i n t s .  

(c )  Equipment s e l e c t e d  us ing  d i s t a n c e  c o n s t r a i n t s .  
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(d) Power dens i ty .  

(e)  In t e r f e rence - to -no i se  r a t i o .  
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(5) Appl ica t ions .  

) Used t o  perform a frequency and d i s t a n c e  s e l e c t i o n  o f  a l l  
equipment w i th in  a given range o f  proposed s i t e s .  Se- 
l e c t e d  t r a n s m i t t e r s  a r e  analyzed a g a i n s t  ca rd  inpu t  r e -  
ce ive r s ,  o r  s e l e c t e d  r e c e i v e r s  a r e  analyzed aga ins t  card  
inpu t  t r a n s m i t t e r s .  Te r r a in  dependent propagat ion i s  
used where d a t a  e x i s t s .  

(b) Used i n  combination wi th  TIIPS f i r s t - l e v e l  a n a l y s i s  and 
t i r e m  t o  perform environment a n a l y s i s  f o r  s i t e  s e l e c t i o n  
and eva lua t ion .  This  model permi ts  t h e  u s e r  t o  perform 
a frequency and d i s t a n c e  s e l e c t i o n  of  a l l  equipment meet- 
i ng  t h e  s e l e c t i o n  c r i t e r i a  w i th in  t h e  v i c i n i t y  of  a 
proposed s i t e .  Se l ec t ed  equipment i s  analyzed us ing  t e r -  
r a i n  dependent propagat ion models. 

(6) Limi ta t ions .  Same l i m i t a t i o n s  as TIIPS f i r s t - l e v e l  a n a l y s i s  
and t i rem.  

( 7 )  Agency. 

Electromagnet ic  Compat ib i l i ty  Analysis  Center (ECAC) 
North Severn 
Annapolis,  Maryland 21402 

n.  I F F  Mark X (SIF) A i r  T r a f f i c  Control  Radar Beacon System Perform- 
ance P red ic t ion  Model. 

(1) Purpose. The ATCRBS performance p r e d i c t i o n  model i s  used t o  
perform a s e n s i t i v i t y  a n a l y s i s  o f  t h e  system. 

(2) Descript ion.  

(a )  The b a s i c  program can be considered t o  conta in  t h r e e  
major subprograms: t h e  t ransponder  processor ,  t h e  
t ransponder  model, and t h e  v i c t im  i n t e r r o g a t o r  model. 
The t ransponder  processor  computes t h e  average i n t e r -  
roga to r  r a t e  f o r  each i n t e r r o g a t o r  t ransponder  based on 
mode i n t e r l a c e  and t h e  p r o b a b i l i t y  t h a t  antenna o r i en -  
t a t i o n  w i l l  be  such t h a t  t h e  i n t e r r o g a t o r  w i l l  i l l umina te  
t h e  t ransponder .  The t ransponder  model p r e d i c t s  t h e  
a c t i o n  of  each t ransponder  under t h e s e  input  cond i t i ons .  
The inpu t s  from i n t e r f e r i n g  i n t e r r o g a t o r s  t o  t h e  t r a n -  
sponder a r e  t r e a t e d  s t a t i s t i c a l l y .  The b a s i c  ou tpu t s  
a r e  round r e l i a b i l i t y  and f r u i t  r a t e .  The computations 
a r e  made from t h e  fol lowing cases :  
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1. Victim i n t e r r o g a t o r  i n t e r r o g a t i n g  on i t s  mainbeam. - 

2 .  Victim i n t e r r o g a t o r  i n t e r r o g a t i n g  on i t s  s ide - lobe .  - 

3. Victim i n t e r r o g a t o r  i n t e r r o g a t i n g  on i ts  back-lobe. - 

(b) The v i c t i m  i n t e r r o g a t o r  model p r e d i c t s  t h e  average f r u i t  
r e p l i e s  p e r  scan  rece ived  by t h e  v i c t i m  i n t e r r o g a t o r  from 
t h e  t ransponders .  This  is  accomplished by computing t h e  
t o t a l  f r u i t  r ece ived  on t h e  mainbeam, s ide - lobe ,  and 
back-lobe s e p a r a t e l y  and summing t h e  products  of each 
t o t a l  m u l t i p l i e d  by t h e  p r o b a b i l i t y  of  having a  p a r t i c u -  
l a r  o r i e n t a t i o n  of  t h e  i n t e r r o g a t o r  antenna. 

(3) Inputs .  

(a )  I n t e r r o g a t o r .  

1. Antenna beamwidth. - 

2 .  Antenna ga in  (dB). - 

3 .  Mode. - 

4. I n t e r r o g a t o r  r e c e i v e r  s e n s i t i v i t y .  - 

5. Side-lobe suppress ion  (on o r  o f f ) .  - 

(b) Transponder. 

1. Power output  (wat t s )  . - 

2 .  S e n s i t i v i t y .  - 

3.  Antenna ga in  (dB). - 

4. Reply r a t e  l imi t ed  th re sho ld  (number/second). - 
(4) Outputs.  

(a) Tota l  de t ec t ed  i n t e r r o g a t i o n s .  

(b) To ta l  t ransponder  suppress ions .  

(c)  Synchronous r ep ly  r a t e .  

(d) P robab i l i t y  of  r ep ly  r a t e  l i m i t i n g .  
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(e)  Round r e l i a b i l i t y .  
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( f )  Mainbeam f r u i t  r a t e .  

(g) Side-lobe f r u i t  r a t e .  

(h) Back-lobe f r u i t  r a t e .  

( i )  Final  transponder s e n s i t i v i t y .  

(j) Total  f r u i t  per  scan a t  in t e r roga to r  of i n t e r e s t .  

(5) Applications. 

(a) To determine how in te r roga to r s  a f f e c t  t h e  a b i l i t y  of  
each transponder t o  r e p l y  t o  an in te r roga t ion  from one 
p a r t i c u l a r  in te r roga to r .  

(b) To determine how r e p l i e s  t o  in te r roga t ions  from o the r  
in te r roga to r s  degrade t h e  a b i l i t y  of  a  given i n t e r r o -  
ga tor  t o  de tec t  des i red  r e p l i e s .  

(c) To determine how changes i n  system parameters a f f e c t  t h e  
system performance. 

(6) Limitat ions.  

(a) In ter rogat ion  garbling and transponder-code garbling not 
included. 

(b) Time-on f a c t o r s  f o r  maximum and minimum in te r roga to r  
environments a r e  not  considered. 

( 7 )  Agency. 

Electromagnetic Compatibility Analysis Center (ECAC) 
North Severn 
Annapolis, Maryland 21402 

o. Fresnel Dif f rac t ion  of RF Wavefronts. 

(1) Purpose. To p r e d i c t  and define t h e  l i m i t  of t h e  r f  and 
geometrical shadow of any proposed obs t ruct ion .  

Description. 

(a) The objec t ive  of t h i s  computer program is t o  p red ic t  and 
def ine  t h e  l i m i t  of t h e  r f  and geometrical shadow of an 
obs t ruct ion  i n  the 'coverage volume of a i r space  of radar  
f a c i l i t i e s  considering t h e  e f f e c t s ' o f  Fresnel  d i f f r a c -  
t i o n .  The program enables t h e  user  t o  e n t e r  such p e r t i -  
nent da ta  a s  l a t i t u d e  and longitude of the  f a c i l i t y  and 

Page 18 Par 2  



Appendix 5 

t h e  o b s t r u c t i o n ,  ope ra t ing  frequency (between 50 MHz and 
40 GHz), p o l a r i z a t i o n ,  obs t ruc t ion  dimensions, and o r i en -  
t a t i o n .  In  a d d i t i o n ,  one may s e l e c t  a  v e r t i c a l  p lane  o r  
s e r i e s  of p lanes  a t  any combination o f  d i s t a n c e s  behind 
t h e  o b s t r u c t i o n ,  and ob ta in  da t a  regard ing  t h e  p ro j ec -  
t i o n  of  t h e  shadow of  t h e  obs t ruc t ion  on t h e  given plane 
o r  p l anes .  

(b) The b a s i c  o b s t a c l e  shape considered i s  a  f i n i t e ,  pe r -  
f e c t l y  conducting r ec t ang le .  Both l i n e - o f - s i g h t  (geo- 
me t r i ca l -op t i c )  shadowing and Fresne l  d i f f r a c t i o n  e f f e c t s  
a r e  determined. Geometrical d i f f r a c t i o n  theory  i s  ap- 
p l i e d  f o r  a r b i t r a r y  inc idence  and observa t ion  angles .  
S igna l  degrada t ion ,  r e l a t i v e  t o  t h e  o b s t a c l e - f r e e  f i e l d ,  
i s  descr ibed  by provid ing  p l o t s  of  a r b i t r a r i l y  chosen dB 
l e v e l s  a t  chosen p lanes  behind t h e  o b s t a c l e .  

(c)  C y l i n d r i c a l ,  s p h e r i c a l ,  and convex polyhedron o b s t a c l e s  
can be considered,  bu t  only f o r  t h e  geometr ical  mode. 

(3 )  Inpu t s .  

(a)  The fo l lowing  input  parameters  a r e  r equ i r ed  of  t h e  r ada r :  

1. Lat i tude .  - 

2 .  Longitude. - 
3 .  Height above mean s e a  l e v e l .  - 

4.  Height above ground. - 

5. Frequency . - 

6.  P o l a r i z a t i o n  ( v e r t i c a l ,  hor izonta l ,  r i g h t  c i r c u l a r ,  - 
l e f t  c i r c u l a r ) .  

7. Minimum e l e v a t i o n  angle .  - 

(b) The fo l lowing  input  parameters a r e  r equ i r ed  of  t h e  
o b s t a c l e :  

1. La t i t ude .  - 
2 .  Longitude . - 

3 .  Height above mean s e a  l e v e l .  - 

Par 2 

4 .  Height above ground. - 
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5. Length of bui ld ing.  - 
6. Width of  bui ld ing.  - 

7. Orienta t ion  of  long ax i s  of  bui ld ing.  - 
(c) In  addi t ion ,  t h e  following parameters a r e  required:  

1. Number of objec t  planes.  - 
2 .  Distance from source t o  f i r s t  ob jec t  p lane  (nmi). - 

3.  Distance increment t o  t h e  next  plane (nmi). - 
4. P lo t  s c a l e .  - 

(4) Outputs. 

Maximum height  of r f  shadow i n  f e e t  above ground l eve l .  

Maximum height  of r f  shadow i n  f e e t  above mean sea  l eve l .  

Elevation angle  above horizon of t h e  top of r f  shadow i n  
degrees. 

Maximum width o f  rf shadow i n  f e e t .  

P r i n t e r  p l o t  of geometric p a t t e r n .  

P r i n t e r  p l o t  of  d i f f r a c t i o n  contours (rectangular  obsta-  
c l e  only) .  

P r i n t e r  p l o t  of d i f f r a c t i o n  dens i ty  ( rec tangular  obs tac le  
only) .  

Calcomp p l o t  of  geometric contours. 

(5) Applicat ions.  To determine the  r f  shadowing e f f e c t s  on t h e  
coverage volume of r ada r  o r  ATCRBS s i t e s  caused by t h e  con- 
s t r u c t i o n  of l a rge  obs t ruct ions  near  the  s i t e .  

(6) Limitat ions.  

(a) Fresnel d i f f r a c t i o n  p a t t e r n s  can only be computed f o r  
rec tangular  s t r u c t u r e s .  

(b) Only one obs tac le  can be t r e a t e d  a t  a  time. 
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( 7 )  Agency. 

CALSPAN 
Buffalo, New York 

p. Simulation of  t h e  A i r  T r a f f i c  Control Radar Beacon System 

(1) Purpose. The i n t e n t  of t h i s  s imulat ion i s  t o  provide a capa- 
b i l i t y  of ca lcu la t ing  t h e  e f fec t iveness  of an i n t e r r o g a t o r  o r  
in te r roga to r s  with any r e a l i s t i c  deployment o f  a i r c r a f t .  

(2) Description. The first s t e p  i n  t h i s  s imulat ion i s  t o  obta in  
t h e  information necessary t o  descr ibe  the  problem s i t u a t i o n .  
This is  done by reading i n  p a r t i c u l a r  values of  t h e  input  
parameters f o r  in ter rogator / rec ,e ivers  and t h e  a i r c r a f t  wi th in  
t h e  problem a rea .  Car tes ian  coordinates of t h e  in te r roga to r s ,  
e f f e c t i v e  cross  sec t ion  of  t h e  ground rece ive r  antennas, and 
in te r roga t ion  r e p e t i t i o n  per iod .  (sweep time) a r e  ca lcula ted .  
A t  each i n s t a n t  of  s imulated time, t h e  following a i r c r a f t  
parameters a r e  obtained by means of l i n e a r  in te rpo la t ion :  
a i r c r a f t  pos i t ion  (Cartesian coordinates) ,  v e l o c i t y ,  heading, 
r o l l ,  p i t c h ,  azimuth, and e leva t ion ,  with r e spec t  t o  t h e  i n t e r -  
rogator / rece iver  o f  i n t e r e s t .  Those a i r c r a f t  which would be  
sensed by t h e  main rece ive r  i f  it were a t  maximum s e n s i t i v i t y  
a r e  then i d e n t i f i e d .  The power l e v e l  of the  transponder 
t ransmission a t  t h e  ground r e c e i v e r  i s  determined. I f  the  
r e s u l t i n g  s i g n a l  power exceeds t h e  smal les t  s i g n a l  de tec table  
by t h e  ground.receiver ,  t h e  a i r c r a f t  i n  quest ion i s  labeled.  
This i s  done f o r  a l l  a i r c r a f t  wi th in  t h e  problem a rea .  The 
power l eve l  and a r r i v a l  time of  in te r roga t ion  pulses  f o r  each 
in te r roga to r  t o  t h e  a i r c r a f t  of i n t e r e s t  i s  computed. For 
those  pulses  which f a l l  wi th in  t h e  range of  t h e  transponder 
r ece ive r ,  the  a r r i v a l  time and t h e  corresponding s i g n a l  power 
a r e  s to red  i n  an ar ray .  A t  t h i s  point  t h e  s ide- lobe  suppres- 
s ion  option is checked t o  determine i f  a  P2  pulse  should be  
t ransmit ted .  The a r ray  of  pulse  a r r i v a l  times and s igna l  
l e v e l s  f o r  t h e  subjec t  a i r c r a f t  a r e  s o r t e d  i n t o  chronolog- 
i c a l  order .  This chronological a r r a y  of pulses  i s  operated 
upon i n  t h e  same manner a s  a  transponder. The p a r t i t u l a r  
f ea tu res  t h a t  a r e  included i n  t h e  transponder model a re :  
desens i t i za t ion ,  r ep ly  r a t e  l imi t ing ,  delay, dead t ime,  s ide-  
lobe suppression, and a choice of  passive delay l i n e  o r  ac t ive  
gate-type decoding. ( I t  i s  noteworthy t h a t  any add i t iona l  
transponder f e a t u r e s  may be r e a d i l y  incorporated.  Thus, t h e  
model can be used t o  evaluate  opera t ional  modificat ions.)  
When a proper in te r roga t ion  i s  received,  the  time of a r r i v a l  
a t  t h e  ground receiver  and t h e  power l e v e l  of a l l  r ep ly  pulses  
a r e  computed and s to red  i n  an a r ray .  Then t h e  in te r roga to r /  
r ece ive r  por t ion  of  t h e  simulat ion t r e a t s  t h e  a r r a y  of  reply  
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pulses  i n  t h e  same manner a s  t h e  ground rece ive r .  Every detec-  
t a b l e  and properly spaced p a i r  of pulses  with amplitudes wi th in  
one dB of each o the r  is considered a v a l i d  reply  and t h e  s l a n t  
range corresponding t o  t h e  time o f  a r r i v a l  of the  f i r s t  framing 
pu l se  i s  ca lcu la ted  and s to red  i n  an a r ray .  Then those h i t s  
which have moved too  f a r  between successive sweeps t o  repre-  
sen t  v a l i d  t a r g e t s  a r e  determined. These h i t s  a r e  considered 
f r u i t  and a r e  el iminated from those  h i t s  displayed on t h e  
plan-posi t ion ind ica to r  (ATC d i sp lay) .  

(3) -  Inputs .  

(a)  Input t o  t h e  simulat ion.  

1. Simulation run time. - 
2. Number of in te r roga to r s .  - 
3. Maximum number of a i r c r a f t .  - 

(b) For each in te r roga to r  spec i f i ed , the  following da ta  i s  
requi red  : 

1. Rotation r a t e  (rpm) . - 
2 .  In ter rogat ion  r e p e t i t i o n  frequency. - 
3. Peak rad ia ted  power (wat ts ) .  - 
4. Lati tude and longitude.  - 
5. S i t e  e levat ion .  - 
6. Antenna height  ( f e e t ) .  - 

7. I n i t i a l  azimuth. - 
8. I n i t i a l  in t e r roga t ion  time. - 
9. Mode i n t e r l a c e .  - 

(c) For t h e  r ece ive r  t h e  following information i s  requi red:  

1 .  Side-lobe suppression (on o r  o f f ) .  - 
2 .  Maximum s e n s i t i v i t y  of t h e  main ground receiver  - 

(dBm) . 
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3. I n i t i a l  reduction i n  s e n s i t i v i t y  of t h e  s e n s i t i v i t y  - 
time con t ro l .  
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4. I n t e r r o g a t o r / r e c e i v e r  antenna ga in .  - 

5. Maximum and minimum ranges t o  be d i sp l ayed .  - 

(d) For t h e  a i r c r a f t  t h e  fol lowing information i s  r equ i r ed  
f o r  t h e  t ransponder:  

S e n s i t i v i t y  (dBm) . 

Reply r a t e  l i m i t  s e t t i n g  ( r ep l i e s / s econd) .  

Antenna gain (dB) . 
Peak r a d i a t e d  power. 

Transponder dead time. 

Transponder de lay  . 
Decoder opt ion  ( spec i fy  e i t h e r  pas s ive  de lay  l i n e  o r  
a c t i v e  ga te - type  p roces so r ) .  

(4) Outputs.  

(a)  Time o f  r e p l y .  

(b) Average r a t e  of  r e p l y .  

(c)  Reply p r o b a b i l i t y .  

(d) F r u i t  p e r  scan.  

(e)  Average f r u i t  p e r  scan.  

( f )  Suppression p r o b a b i l i t y .  

(g) ATC d i sp l ay .  

(5) , Appl ica t ions .  

(a)  To determine how t h e  r e p l i e s  t o  i n t e r r o g a t i o n s  from o t h e r  
ATCRB equipment i n t e r f e r e s  with t h e  a b i l i t y  of t h e  i n t e r -  
roga to r  of i n t e r e s t  t o  d e t e c t  d e s i r e d  r e p l i e s .  This  r e -  
s u l t  can be used t o  eva lua t e  whether a  s e l e c t e d  s i t e  
provides  s a t i s f a c t o r y  performance. 
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(b) To determine how t h e  a r r a y  of r e l e v a n t  i n t e r r o g a t o r s  
a f f e c t  t h e  a b i l i t y  o f  t ransponders  t o  r e p l y  t o  an i n t e r -  
roga t ion  from one p a r t i c u l a r  i n t e r r o g a t o r .  
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(c )  To eva lua t e  proposed hardware and ope ra t iona l  
modi f ica t ions  . 

(6) Agency. 

Transpor ta t ion  System Center  
Cambridge, Massachusetts 

3.  SUMMARY AND CONCLUSIONS 

a .  Summary. In  t h i s  b r i e f  survey a number o f  automated computational 
techniques having a p p l i c a t i o n  t o  r a d a r  s i t i n g  have been i d e n t i f i e d .  
A group of t h e s e  techniques ( s ee  paragraphs 2e, 2 f ,  2g, 2 j ,  20) may 
be  u s e f u l  t o  FAA s i t i n g  engineers  f o r  eva lua t ion  of  radar/beacon 
coverage r e s u l t i n g  from a p a r t i c u l a r  s i t e  s e l e c t i o n ,  and i n  d e t e r -  
mining t h e  shadowing e f f e c t  of  nearby r e f l e c t i n g  o b j e c t s .  A sec-  
ond group of  computer programs analyze i n t e r f e r e n c e  s i t u a t i o n s  and 
may f i n d  u t i l i t y  among FAA Frequency Management personnel  engaged 
i n  s e l e c t i o n  of  f r equenc ie s ,  p r f l s  e t c . ,  f o r  ASR and ATCBI equip- 
ment. Two o t h e r  programs ( see  paragraphs .2n and 2p) con ta in  simu- 
l a t i o n s  of  t h e  ATCRBS system. They may be used t o  e v a l u a t e  t h e  
i n t e r f e r e n c e  impl ica t ions  of  a new ATCBI s i t e  i n  terms of  t h e  i m -  
pac t  on t ransponder  suppress ion  and r e p l y  r a t e  and f r u i t  p resented  
t o  e x i s t i n g  i n t e r r o g a t i o n  equipment. I t  would appear  u s e f u l  t o  
employ one of  t h e s e  l a t t e r  programs a s  a r e g u l a r  p a r t  of s i t i n g  
a n a l y s i s  t o  provide assurance t h a t  t h e  inc reased  coverage expected 
through es tab l i shment  o f  a new ATCBI s i t e  i s  not  achieved a t  t h e  
expense of  i n t o l e r a b l e  t ransponder  r e p l y  r a t e  l i m i t i n g  and/or i n t e r -  
r o g a t o r  f r u i t  i n  t h e  a f f e c t e d  a rea .  

b .  Conclusions. The computer models l oca t ed  i n  t h i s  b r i e f  survey 
r ep resen t  a s i g n i f i c a n t  achievement i n  enabl ing the  engineer  t o  
d i r e c t l y  u t i l i z e  an environmental d a t a  base i n  ana lyz ing  problems. 
Furthermore, wi th  t h e  development o f  new mathematical models and 
t h e  upgrading o f  e x i s t i n g  models, t h e  type  of  problems t h a t  can be 
t r e a t e d  w i l l  doub t l e s s ly  be expanded i n  t h e  f u t u r e .  In  o r d e r  t o  
keep FAA engineers  a b r e a s t  i n  t h e  expanding computer a n a l y s i s  capa- 
b i l i t i e s  which a r e  a v a i l a b l e ,  it i s  recommended t h a t  surveys of 
u se fu l  computer modeling a c t i v i t i e s  be cont inued a s  a r e g u l a r  FAA 
a c t i v i t y .  I t  i s  a d d i t i o n a l l y  recommended t h a t  a convenient means 
be e s t a b l i s h e d  f o r  c o l l e c t i n g ,  ca t a log ing ,  a b s t r a c t i n g ,  and d i s -  
seminat ing t h e  surveyed computer information t o  FAA personnel  on 
a cont inuing b a s i s .  

4. SUPPLEMENT - ECAC DATA BASE. 

a .  The d a t a  base e x i s t i n g  a t  ECAC c o n s i s t s  of many d i f f e r e n t  f i l e s .  
This  s e c t i o n  w i l l  b r i e f l y  desc r ibe  t h e  con ten t s  of  t hose  f i l e s  used 
i n  conjunct ion with t h e  computer programs descr ibed wi th in  t h i s  
document. 
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b. The Environmental F i l e  (E- f i l e )  conta ins  t h e  nomenclature of  t h e  
equipment, i t s  locat ion ,  and t echn ica l  and opera t ing  charac ter -  
i s t i c s  o f  equipment. The major parameters t h a t  a r e  contained i n  
t h e  E - f i l e  a r e :  

(1) Lati tude.  

(2)  Longitude. 

(3) S i t e  e levat ion .  

(4) Terra in  type.  

(5) Antenna Height. 

(6) Antenna e leva t ion  angle.  

(7) Antenna azimuth. 

(8) Modulation types.  

(9) Emission bandwidth. 

(10) Frequency. 

(11) Pulse width. 

(12) Antenna beamwidth. 

(13) Mainbeam gain.  

c .  The Nominal Charac te r i s t i c  F i l e  (NCF) supports  the  E - f i l e  by pro- 
viding t h e  d e t a i l e d  equipment c h a r a c t e r i s t i c s  of  each nomenclature 
equipment. The major parameters t h a t  a r e  contained i n  t h e  NCF f i l e  
a r e  : 

(1) Average power output .  

(2) Peak power output .  

(3) Frequency range. 

(4)  Pulse width capab i l i ty .  

(5) PRF capab i l i ty .  

(6) Rise time. 

( 7 )  Decay time. 
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S e n s i t i v i t y .  

Antenna type. 

Antenna lead  type.  

Fundamental antenna gain.  

Horizontal beamwidth. 

Ver t ica l  beamwidth. 

Number o f  mainbeams . 
Sector  scan l i m i t s .  

Horizontal scan r a t e .  

Image r e j e c t i o n  l eve l .  

Polar iza t ion .  

Special  c i r c u i t r y  remark. 
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1. INTRODUCTION. In t h i s  appendix some important aspects  of t h e  s i t i n g  
a n a l y s i s  a r e  described with t h e  a i d  o f  an example. The discussion i s  
l imi ted  t o  a s i n g l e  prospective s i t e  i n  t h e  v i c i n i t y  of  t h e  Robert 
Gray AAF, F t .  Hood, Texas. 

2. SITING REQUIREMENTS. 

a .  Airpor ts .  Robert Gray AAF is  t h e  primary a i r f i e l d  t o  be served by 
a proposed ASR-8/ATCBI-5 i n s t a l l a t i o n .  Approach/departure cont ro l  
t o  th ree  secondary a i r p o r t s  wi th in  t h e  Gray Approach Control a r e a  
i s  a l s o  des i red .  The locat ion  and t h e  m s l  e levat ion  of  t h e  run- 
ways a t  each o f  these  a i r f i e l d s  i s  given i n  t a b l e  6-1. 

b. Coverage. The terminal a i rspace  t o  be covered by t h e  proposed 
ASR-8/ATCBI-5 includes,  but  i s  not  l imi ted  t o ,  t h e  8,000 foot  m s l  
a r e a  of  j u r i s d i c t i o n  over about a 30 nmi radius .  The p r inc ipa l  
f i x e s  t o  be covered within t h i s  a i r space  a r e  given i n  t a b l e  6-2. 

c. Runway Approach/Departure Control.  The fundamental requirement 
f o r  approach/departure coverage i s  t o  provide ASR-8/ATCBI-5 cover- 
age a t  d i s t ances  1 nau t i ca l  mile and beyond, from t h e  edges of a l l  
runways a t  an a l t i t u d e  300 f e e t  above t h e  extended runway surface .  
This i s  an e s s e n t i a l  requirement f o r  t h e  primary a i r f i e l d  (Gray 
AAF), and i s  important f o r  secondary a i r p o r t s  a s  well .  Since each 
a i r p o r t  has one runway, t h e r e  a r e  two approach/departure po in t s  
f o r  each a i r p o r t .  

d. Airway Coverage. Another ATC requirement i s  f o r  f u l l  ASR-8/ 
ATCBI-5 coverage of  t h e  V-17 a i r  rou te  a s  shown i n  t a b l e  6-2. 

3. SITING INVESTIGATIONS/ANALYSIS/DISCUSSION. A s  a r e s u l t  of  prel iminary 
s i t e  inves t iga t ions ,  t h r e e  candidate s i t e  loca t ions  wi th in  a 20,000 
foo t  radius  of  t h e  Robert Gray AAF Control Tower were i d e n t i f i e d  f o r  
d e t a i l e d  survey and ana lys i s .  A b r i e f  a n a l y s i s  f o r  only one s i t e ,  
"At1, i s  presented here .  

a .  S i t e  Descript ion.  S i t e  A i s  s i t u a t e d  on t h e  westernmost edge of  a 
mountain r idge  located j u s t  e a s t  of t h e  runway a t  Gray AAF. This 
r idge  r i s e s  approximately 130 t o  150 f e e t  above t h e  m s l  e levat ion  
of t h e  a i r f i e l d  and surrounding t e r r a i n .  In t h e  v i c i n i t y  of  t h e  
s i t e ,  t h e  s lopes  of t h i s  r idge  average about 20%. The t e r r a i n  of 
t h e  s i t e  a rea  is  r e l a t i v e l y  f l a t  and measures approximately 250' 
x 250'. The s o i l  throughout t h e  s i t e  i s  sandy and heavi ly  rock- 
laden, and w i l l  support very l i t t l e  vegeta t ion .  In c e r t a i n  sec- 
t i o n s  o f  t h e  s i t e  a r e a ,  continuous l i n e s  of rock formations a r e  
v i s i b l e ,  ind ica t ing  t h a t  t h e  subsurface cons i s t s  of  rock over a 
l a rge  por t ion  of t h e  s i t e  area .  
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r 

- 

I 

Robert Gray AAF 

Hood AAF 

Killeen Municipal 

Draughon-Mi 1 ler 
Municipal 

TABLE 1 

AIRFIELD DATA 

Locat ion MSL Elevation 
o f  Runway 

1015 feet 

923 feet 

846 feet 

682 feet 
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TABLE 2 

LIST OF FIXES 

- 
Fix 
No. - 

1 
2 

3 
4 
5 
6 

7 

8 
9 

10 
11 
12 

13 
14 

15 

16 

17 

18 

19 

Name of Fix 

Fixes : - 
Coke 
Arnet t 

Bandy 
Gerell  
Barge 
Belton 

Walburg 

Pendleton 
Hollow 

L i t t l e  
S t i l l  
Salado 

Sparks 
Moody 

VOR/VORTAC ' s : 
Temple TPL 

Gray GRK 

Ft .  Hood HLR 

~pproach/Departure Poi 

Robert Gray AAF 
Runway Approach/ 
Departure Points 

Hood AAF Runway 
~ ~ ~ r o a c h / D e p a r t u r e  
Points 

Location 

In t .  80" ~TA/150" GRK 

In t .  240" AC~/150" FRK 
In t .  240" AC~/310" TPL 
In t .  202" AC~/338" TPL 
In t .  ~ 1 7 / 9 3 "  HLR 
In t .  ~17 /116"  HLR 

In t .  ~17 /146"  HLR 

In t .  V17/60° HLR 
In t .  93" ~ ~ R / 2 0 5 "  TPL 

In t .  60" HLR/195" ACT 

I n t .  146" H~R/200" TPL 
In t .  116" HLR/205" TPL 
In t .  81" HLRI155" TPL 
In t .  205" ACT/154" 
Temple Localizer 

ts: - 
1 nmi from the  edges 
of the runway. 

1 mi from the  edges 
of the  runway. 

Desired Min. 
Alt i tude (MSL) 

1800 f e e t  
3000 f e e t  
2500 f e e t  
2500 f e e t  
2400 f e e t  
2400 f e e t  

2400 f e e t  

2400 f e e t  
2500 f e e t  

2500 f e e t  
2500 f e e t  
2500 f e e t  

1500 f e e t  
2500 f e e t  

4000 f e e t  

1800 f e e t  

2500 f e e t  

1315 f e e t  

1223 f e e t  
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L ,TABLE 2 (continued) 

LIST OF FIXES 

- 
Fix 
No. 

20 

21 

22 
- 

Name of F ix  

Kil leen Municipal 
Runway Approach/ 
Departure Points  
Draughon-Miller 
Municipal Runway 
Approach/~eparture 
Points  

A i r  Routes : 

V-17 

Location 

lnmi  from the  edges 
of the  runway. 

1 nmi from the  edges 
of the  runway. 

6" AUS-186" ACT 

Desired Min. 
Al t i tude  (MSL) 

1146 f e e t  

982 f e e t  

2400 f e e t  
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b .  LOS Coverage Analysis .  

(1) Screening P r o f i l e  Graph. 

(a)  The o p t i c a l  sc reening  angles  were measured us ing  a  su r -  
veyor ' s  t r a n s i t  t o  determine t h e  e l eva t ion  ang le  of a l l  
sc reening  o b j e c t s  through 3600 i n  azimuth, a s  viewed 
from 30 f e e t  and 43 f e e t ,  r e s p e c t i v e l y ,  above t h e  m s l  
he igh t  (1141 f e e t )  o f  t h e  s i t e .  The o p t i c a l  sc reening  
angles  were then  converted i n t o  r ada r  s c reen  ang le s  t o  
t a k e  i n t o  account t h e  r ay  bending e f f e c t s .  P l o t s  of t h e  
r a d a r  sc reen  angles  a r e  given i n  f i g u r e  6-1 f o r  t h e  two 
h e i g h t s ,  r e s p e c t i v e l y .  

(b) On t h e  r a d a r  acreen angle  graphs,  t h e  a d j u s t e d  e l e v a t i o n  
angles  o f  each nav iga t iona l  f i x  have a l s o  been marked. 
The azimuth-elevat ion angle  d a t a  used i n  p l o t t i n g  t h e s e  
f i x e s  a r e  shown i n  columns C and H of  t h e  10s coverage 
worksheets corresponding t o  each he igh t  given i n  t a b l e s  
6-3  and 6-4. These t a b l e s  were prepared i n  accordance 
with t h e  procedure o u t l i n e d  i n  chap te r  3,  paragraph 53a. 

(2) LOS Coverage of Fixes.  Examination of  column J o f  t a b l e s  6-3 
and 6-4 shows t h a t  t h e r e  is complete 10s coverage f o r  each of  
t h e  f i x e s  numbered 1 through 17- a t  antenna h e i g h t s  of  30 f e e t  
o r  more. In  f a c t ,  examination o f  f i g u r e  6-1 shows t h a t  t h e  
angu la r  displacement ,  between t h e  ad jus t ed  f i x  e l e v a t i o n  angle 
and t h e  sc reen  angle  along t h e  azimuth o f  each f i x ,  i s  o f  s u f -  
f i c i e n t  magnitude t o  provide  10s v i s i b i l i t y  even i f  t h e  an- 
tenna he igh t  is  lowered from 30 f e e t  t o  25 f e e t ,  which i s  t h e  
minimum s tandard  antenna h e i g h t .  In  any case ,  t h e  requi red  
minimum antenna he ight  i s  no t  governed by t h e  10s v i s i b i l i t y  
o f  t h e  f i x e s ,  bu t  i s  dependent on t h e  10s v i s i b i l i t y  of  t h e  
approach/departure p o i n t s  a t  t h e  a i r p o r t s  a s  d i scussed  below. 

(3) LOS Coverage of  Approach/Departure P o i n t s .  

(a)  Examination o f  column J of t a b l e s  6-3 and 6-4 f o r  f i x e s  
numbered 18 through 21 shows t h a t  t h e r e  i s  complete 10s 
coverage o f  t h e  approach/departure p o i n t s  corresponding 
t o  t h r e e  out  of  t h e  f o u r  a i r f i e l d s  a t  t h e i r  r e spec t ive  
d e s i r e d  minimum a l t i t u d e s .  A s  mentioned above, t h e  de- 
s i r e d  minimum a l t i t u d e s  a r e  300 f e e t  above t h e  m s l  a l t i -  
tude  of t h e  runway. A s  t h e  d a t a  shows, approach/depar- 
t u r e  p o i n t s  a t  Robert Gray AAF znd t h e  two secondary a i r -  
f i e l d s ,  F t .  Hood AAF and Ki l leen  Municipal,  have 10s 
coverage even f o r  an antenna he ight  o f  30 f e e t .  I n  f a c t ,  
t h e s e  a i r f i e l d s  w i l l  r e c e i v e  f u l l  coverage even i f  t h e  
antenna he igh t  i s  lowered t o  25 f e e t .  

Par  3  Page 5 
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FIGURE 1. SCREENING PROFILE GRAPH (SITE A, FT. HOOD, m) 
€l'&ation Angle - Degrees Elevation Angle-Degrees 
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(b) However, t h e  10s coverage of  approach/departure p o i n t s  
f o r  Draughon M i l l e r  Municipal a i r f i e l d  a t  t h e  des i r ed  
minimum m s l  a l t i t u d e  o f  982 f e e t  is  marginal even f o r  a 
43 f o o t  antenna he igh t .  The range of  t h e  screen  o b j e c t  
a long t h e  azimuth of t h i s  a i r f i e l d  i s  about 22 nmi from 
s i t e  A. Consequently, f o r  f u l l  coverage, t h e  antenna 
he igh t  would have t o  be r a i s e d  t o  over 100 f e e t .  S ince  
t h i s  is  imprac t i ca l ,  t h e  requirements f o r  Draughon Mi l l e r  
a i r f i e l d  must be r e l axed  somewhat f o r  t h i s  s i t e  t o  be 
acceptab le .  Tables  6-3 and 6-4 a l s o  show c a l c u l a t i o n s  
f o r  t h e  ca se  when t h e  minimum coverage a l t i t u d e  f o r  
Draughon Mi l l e r  a i r p o r t  i s  r a i s e d  from 1,000 f e e t  t o  
1,100 and 1,200 f e e t .  Column J o f  t h e s e  t a b l e s  shows 
t h a t  f o r  an antenna he igh t  of  30 f e e t ,  t h e  coverage i s  
marginal a t  m s l  h e i g h t s  o f  1,000 and 1,100 f e e t ,  b u t  f u l l  
coverage occurs  a t  1,200 f e e t .  A t  an antenna he igh t  o f  
43 f e e t ,  good coverage i s  p o s s i b l e  a t  a l t i t u d e s  o f  1,100 
f e e t  o r  above. Thus, t h e  r equ i r ed  minimum antenna he ight  
has  t o  be  chosen on t h e  b a s i s  o f  accep tab le  minimum a l t i -  
tude  f o r  coverage. 

( c )  A s  a compromise, an antenna he ight  o f  35 f e e t  i s  recom- 
mended. The minimum a l t i t u d e  of  coverage t o  be expected 
a t  Draughon Mi l l e r  f o r  t h i s  antenna he igh t  i s  about 1,100 
f e e t ,  which i s  about 400 f e e t  above t h e  runway e l eva t ion .  

(4) LOS Boundary Diagram/Air Route coverage'. 

(a)  Figure 6-2 shows a r ada r  10s boundary diagram about 
s i t e  A. The m s l  a l t i t u d e s  f o r  each contour  a r e  marked 
i n  t h e  diagram. These a l t i t u d e s  correspond t o  300 f e e t ,  
6 0 0 , f e e t ,  1,000 f e e t ,  2,000 f e e t ,  and 3,000 f e e t  above 
t h e  m s l  antenna he igh t  (1,171 f e e t ) .  A l l  of t h e  navi -  
ga t iona l  f i x e s ,  a i r f i e l d s  o f  i n t e r e s t ,  and r e l e v a n t  a i r  
rou te s  a r e  a l s o  marked on t h i s  boundary diagram. 

(b) Examination of  f i g u r e  6-2 shows t h a t  f u l l  10s coverage 
occurs  f o r  a i r  rou te  V-17. Fur ther ,  t h e  o t h e r  a i r  rou te s  
i n  t h e  a i r s p a c e  of  i n t e r e s t  a l s o  have 10s coverage. 

(5) LOS Analysis  Resul t s .  S i t e  A o f f e r s  f u l l  10s coverage of a l l  
nav iga t iona l  f i x e s ,  VOR/VORTAC1s, a i r  rou te s ,  and t h e  approach/ 
depar ture  p o i n t s  f o r  a l l  a i r f i e l d s  with t h e  except ion of 
Draughon M i l l e r  Municipal. For t h e  recommended 35-foot an- 
tenna he igh t ,  10s coverage a t  Draughon Mi l l e r  i s  p o s s i b l e  only 
t o  an m s l  a l t i t u d e  of 1,100 f e e t .  I f  coverage below 1,100 
f e e t  i s  requi red  a t  t h i s  a i r p o r t ,  then t h e  antenna he igh t  must 
be r a i s e d  accordingly.  This  i s  not  recommended because o f  t h e  
inc rease  i n  v i s i b l e  c l u t t e r  a r e a  t h a t  w i l l  r e s u l t  wi th  a 
h ighe r  antenna. 

Par  3 Page 11 
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c .  Primary Radar Coverage Assessment. I n i t i a l l y ,  t h e  ASR coverage 
a n a l y s i s  i s  based on t h e  r ada r  range equat ion t o  determine f r e e -  
space r ada r  coverage under i d e a l  condi t ions .  This  i s  then  modified 
t o  t a k e  i n t o  account t h e  e f f e c t s  of c l u t t e r  and t o  d e f i n e  those  
s e c t o r s  where t h e  use of  m t i  i s  necessary  t o  overcome c l u t t e r  
e f f e c t s .  F ina l ly ,  a n a l y s i s  i s  made t o  i d e n t i f y  a l l  t a n g e n t i a l  
course  problems t h a t  may develop a s  a r e s u l t  of m t i  ope ra t ion .  

(1) ASR Free-Space Coverage Analysis .  The loca t ions  of t h e  c r i t i -  
c a l  f i x e s  have been marked on t h e  r c i  c h a r t  of f i g u r e  6-3 
using t h e  range and ad jus t ed  e l eva t ion  angle  information from 
t h e  10s coverage example o f  t a b l e  6-3. The r c i  ove r l ay  c h a r t  
( f i g u r e  3-21) corresponding t o  t h e  ASR-8 r a d a r  under condi- 
t i o n s  of  heavy r a i n  and cp was app l i ed  over t h e  r c i  c h a r t  and 
ad jus ted  f o r  proper  alinement and a nominal t i lt  angle  of  
2.50 f o r  t h e  nose of  t h e  main beam. I t  was no t i ced  t h a t  a l l  
t h e  f i x  l o c a t i o n s  were wi th in  t h e  boundary of  t h e  contour  f o r  
t h e  main-beam, implying t h a t  f ree-space  r ada r  coverage w i l l  
be p o s s i b l e  i f  10s coverage is  a v a i l a b l e .  This  information 
has a l s o  been recorded i n  column K of t a b l e s  6-3 and 6-4. 
F ina l ly ,  by r o t a t i n g  t h e  over lay ,  t h e  maximum tilt ang le  (of 
t h e  nose o f  t h e  main heam), which w i l l  a l low coverage o f  a l l  
f i x e s ,  was determined t o  be 2 . g 0 .  

(2) C l u t t e r  Analysis .  

The f i r s t  s t e p  i n  t h e  c l u t t e r  a n a l y s i s  involved d e t e r -  
mination o f  t h e  range along va r ious  azimuths ove r  which 
c l u t t e r  could be a p o t e n t i a l  problem. The maximum pos- 
s i b l e  range of t h e  c l u t t e r  zone along a c e r t a i n  azimuth 
i s  simply t h e  range t o  t h e  horizon o r  t o  t h e  screening  
o b j e c t ,  whichever i s  smal le r .  An o u t l i n e  of  t h e  c l u t t e r  
reg ion  about s i t e  A i s  shown i n  f i g u r e  6-2. The range 
e x t r e m i t i e s  shown were es t imated  during screening  angle  
measurements and by r e fe rence  t o  maps. The p l o t  i n d i -  
c a t e s  t h a t  t h e  range of  t h e  c l u t t e r  reg ion  extends up t o  
a maximum of  25 nmi along c e r t a i n  azimuths.  

The next  s t e p  i n  t h e  c l u t t e r  a n a l y s i s  involved de t e r -  
mination of  s i g n a l - t o - c l u t t e r  r a t i o  f o r  t h e  worst case  
cond i t i ons .  This  r a t i o  was then  used t o  determine t a r g e t  
d e t e c t a b i l i t y  with o r  without m t i .  S ince measured va lues  
of  c l u t t e r  power were no t  a v a i l a b l e ,  s / c  was computed i n  
accordance with t h e  procedure descr ibed  i n  chapter  3, 
paragraph 59d. 

The s / c  given by equat ion 2-38 (p. 1.36) i s  reproduced 
he re  i n  dec ibe l  form. 
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Figure 3.  RADAR COVERRGE INDICATOR ( R C I )  CHART, SITE A Appendix 6 
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7/20/76 

S/C = 10 log a+/aC + 10 log Gt + 10 log Gr 7 (6-1) 

-10 log Gtc  

where f o r  t h e  ASR-8 

- 10 log Grc 

(equation 2-42 (p. 137))  

Secllr 

The value of c l u t t e r  c ross-sec t ion  a, was ca lcu la ted  t o  
be 15.92 dB assuming R = 25 mi, a, = -34 dBm, and $ = 
-0.180. 

Further,  assuming at = -1.5 dB, t h e  value of s / c  was 
determined f o r  d i f f e r e n t  antenna tilt angles by s u b s t i -  
t u t i n g  appropr ia te  values of  antenna gains i n  t h e  above 
equation. Values of -18.1 dB, -11.8 dB, and -3.5 dB were 
obtained f o r  s / c  f o r  tilt angles of 1.50, 2.0°, and 2.g0, 
respect ive ly .  

Examination of  these  values of  s / c  shows t h a t  r ada r  cov- 
erage i n  the  c l u t t e r  zone i s  poss ib le  only i f  m t i  i s  used. 
However, i n  order  t o  have reduced c l u t t e r  i n t e n s i t y ,  a 
higher antenna tilt angle should be used. Consequently, 
the  maximum acceptable tilt angle  of 2.90 i s  recommended. 
I t  should a l s o  be noted t h a t  t h e  parameters of t h e  range 
azimuth gate  un i t  associa ted  with t h e  m t i  a r e  a l s o  de- 
f ined by t h e  c l u t t e r  region of f i g u r e  6-2. 

F inal ly ,  f o r  the  recommended tilt angle o f  2.g0, t h e  
beams of the  ASR-8 antenna should be switched a t  a range 
of  12 nmi a s  given i n  t a b l e  3-1 of  chapter  3 ,  paragraph 
59b. 

(3) Tangential Course Analysis.  The previous ana lys i s  showed t h a t  
m t i  usage is  required f o r  ranges up t o  t h e  radar  horizon o r  
t o  t h e  screening ob jec t s ,  whichever i s  smaller .  In order  t o  

Page 16 

i d e n t i f y  the  a i r  routes  with p o t e n t i a l  t angen t i a l  course prob- 
lems, a perpendicular is  drawn from t h e  s i t e  t o  d i f f e r e n t  a i r -  
ways (or  t h e i r  extensions)  hherever poss ib le .  I n  f i g u r e  6-2, 
these  perpendiculars  a r e  shown by dotted l i n e s .  The extent  
of the  t angen t i a l  course problem along each of these  airways 
i s  determined i n  accordance with the  procedure described i n  
chapter  3, paragraph 60. Results a r e  tabula ted  below. 
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TABLE 5 
TANGENTIAL COURSE ANALYSIS EXAMPLE 

(4) Sumnary of ASR Analysis Results .  The ASR coverage ana lys i s  
provides the  following conclusions: 

The maximum acceptable antenna tilt angle i s  2.g0, meas- 
ured with respect  t o  t h e  nose o f  t h e  main beam. Use of  
t h i s  maximum tilt angle i s  recommended t o  provide t h e  
des i red  coverage and minimize c l u t t e r  i n t e n s i t y .  

No. 

1 
2 
3 

For a tilt angle of  2.90, t h e  main and pass ive  beams of 
t h e  ASR-8 antenna should be switched a t  12 nmi. 

@ 

Airway Name 

205" TPL 
200" TPL 
V - 1 7  

The parameters of t h e  rag c i r c u i t r y  associa ted  with the  
m t i  should follow t h e  contours of  t h e  c l u t t e r  region 
given i n  f i g u r e  6-2. 

0 
Dropout T ime  

Td 

0 . 0  sec. 
3 . 3  min. 
4 .3  min. 

@ 

d 

1 2 . 3  
1 3 . 6  nmi 
1 7 . 6  n m i  

Tangential course problems e x i s t  along c e r t a i n  s e c t o r s  
of  airways V-17 and 205, t p l  i f  m t i  operat ion i s  l imi ted  
t o  t h e  c l u t t e r  region a s  recommended. The appropr ia te  
sec to r s  a r e  marked by heavy l i n e s  i n  f i g u r e  6-2. 

d. Beacon Coverage Analysis.  This ana lys i s  makes use of  t h e  beacon 
overlay char t  of  f igure  3-23, together  with t h e  r ada r  coverage 

6 

Ldm 

5 . 0 2  nmi 
5 .55  
7 . 2 0  nmi 

i n d i c a t o r  cha r t  of f i g u r e  6-3. The beacon overlay cha r t  is applied 
over the  r c i  char t  and i s  adjusted f o r  t h e  recommended 2.90 tilt 
angle.  The smallest  beacon power requi red  t o  cover a l l  f i x e s  and 
t h e  maximum range of  30 nmi i s  noted t o  be 39 dBm. This  minimum 
required  power l eve l  i s  increased by 3 dB t o  account f o r  substand- 
a rd  propagation condit ions.  Thus, a t o t a l  42 dBm power output i s  
required from t h e  antenna. To obta in  the  t r ansmi t t e r  power output ,  
t h e  two-way transmission l i n e  and plumbing losses  f o r  t h e  pa r t i cu -  
l a r  i n s t a l l a t i o n  must be added t o  42 dBm. 

@j 

Ld 

0 . 0 0  nmi 
n m i . 5 . 5 5  nmi 

7 . 2 0  m i  
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e .  Lobing Analysis .  Refer r ing  t o  s i t e  A photographic d a t a ,  it was 
noted t h a t ,  f o r  t h e  most p a r t ,  t h e  t e r r a i n  about t h e  s i t e  c o n s i s t s  
of  gradual  s l o p e s ,  mountain r i s e s ,  r i d g e l i n e s ,  and h i l l s  t h a t  a r e  
heav i ly  populated with t r e e s ,  shrubbery, e t c .  In  gene ra l ,  t h e s e  
a r e  no t  smooth o r  f l a t  t e r r a i n  c h a r a c t e r i s t i c s  necessary  t o  produce 
lob ing .  However, it was noted i n  t h e  photograph t 5 a t  t h e r e  a r e  two 
r e l a t i v e l y  f l a t  p o r t i o n s  o f  r e a l  e s t a t e  t h a t  appear t o  extend t o  
t h e  d i s t a n t  horizon.  These two reg ions  a r e :  (1) t h e  reg ion  begin- 
n ing  wi th  t h e  exposed end o f  runway 15 a t  290° t o  360° i n  azimuth, 
and (2) t h e  reg ion  of  t e r r a i n  between 70° and 100° i n  azimuth. Be- 
cause  of  t h e  appearance o f  f l a t n e s s  i n  t h e s e  two reg ions ,  a lob ing  
a n a l y s i s  was c a r r i e d  ou t  us ing  t h e  procedures  o u t l i n e d  i n  chap te r  3, 
paragraph 57. 

(1) Existence o f  Lobing. 

(a)  To e s t a b l i s h  i f  lobing w i l l  occur  i n  e i t h e r  o r  both of  
t h e  suspec t  s e c t o r s ,  a n a l y s i s  o f  t h e  f i e l d  d a t a  t o g e t h e r  
wi th  map s t u d i e s  were c a r r i e d  ou t  t o  determine: 

1. MSL e l e v a t i o n  of t h e  t e r r a i n  i n  each s e c t o r .  - 

2. The e x t e n t  of  land a r e a  i n  each o f  t h e s e  s e c t o r s  t h a t  - 
w i l l  b e  i l l umina ted  by a radar/beacon antenna loca t ed  
a t  s i t e  A. 

3. The d i s t a n c e s  t o  near  r e f l e c t i o n  and f a r  p o i n t s  of - 
t h e  f i r s t  Fresne l  zone. 

4. Est imates  of  t h e  s u r f a c e  roughness o r  i r r e g u l a r i t i e s  - 
over  t h e  land a r e a  contained i n  each s e c t i o n .  

(b) A s  a f i r s t  approximation, t h e  ex t en t  o f  t h e  land a r e a  
i l l umina ted  o r  v i s i b l e  i n  each s e c t o r  was determined by 
computing t h e  range t o  t h e  r a d a r  horizon us ing  t h e  f o l -  
lowing r e l a t i o n s h i p -  (from equat ion 2-6 (p .  84) with 
k = 4/3):  

d = 1.23 Jha ( 6 -2 )  

where 

d = t h e  ground range t o  t h e  horizon i n  n a u t i c a l  mi les .  

h = t h e  e f f e c t i v e  he igh t  o f  t h e  antenna i n  f e e t .  a 

(c) To ob ta in  t h e  proper  va lues  f o r  ha, map s t u d i e s  were made 
t o  e s t ima te  t h e  average e l e v a t i o n  of  t h e  t e r r a i n  i n  each 
of  t h e  two s e c t o r s  of i n t e r e s t .  

Page 18 Pa r  3 



Appendix 6 

In  t h e  s e c t o r  between 2950 and 360° i n  azimuth, t h e  e l e -  
v a t i o n  of  t h e  t e r r a i n  f l u c t u a t e s  between 1,000 and 1,100 
f e e t  m s l  out  t o  a  range of approximately 20 mi les .  The 
up and down n a t u r e  of  t h e  t e r r a i n  r e s u l t s  i n  s u r f a c e  
i r r e g u l a r i t i e s  t h a t  vary between 15 and 100 f e e t .  Taking 
t h e  average e l eva t ion  of  t h i s  land  a r e a  t o  b e  1,050 f e e t  
m s l ,  t h e  e f f e c t i v e  he ight  o f  t h e  antenna becomes 125 f e e t  
(1,175-1,050) where 1,175 f e e t  i s  m s l  e l e v a t i o n  o f  an- 
tenna.  Using t h i s  va lue  f o r  h  i n  t h e  above equat ion ,  a  
range of  13.75 nmi t o  t h e  r a d a r  hor izon  was obta ined .  
This  de f ines  t h e  ex t en t  of land a r e a  i l l umina ted  by t h e  
r a d a r  and beacon i n  t h i s  s e c t o r .  

In  t h e  r eg ion  between 700 and 1000 i n  azimuth, t h e  t e r -  
r a i n  recedes  almost uniformly from an e l e v a t i o n  of  1,000 
f e e t  t o  an e l e v a t i o n  of approximately 700 f e e t  m s l  a t  
25 nmi from t h e  s i t e .  Sur face  i r r e g u l a r i t i e s  a long t h i s  
receding  t e r r a i n  vary from 10-30 f e e t .  A s  a  f i r s t  ap- 
proximation, t h e  average between t h e s e  two is assumed t o  
be  850 f e e t  m s l .  Therefore ,  i n  t h i s  s e c t o r  t h e  e f f e c t i v e  
antenna he igh t  i s  325 f e e t  (1,175-850) and t h e  range t o  
t h e  horizon is 22.17 nmi. 

Knowing t h e  ex t en t  of  t e r r a i n  i l l umina t ion  and s u r f a c e  
roughness i n  t h e  two reg ions  of i n t e r e s t ,  t h e  ques t ion  
of whether v e r t i c a l  lob ing  w i l l  occur  can be answered by 
invoking t h e  c r i t e r i a  based on t h e  Fresne l  theory  ou t -  
l i n e d  i n  chap te r  2,  paragraph 22b(3).  

Values de f in ing  t h e  length  of  t h e  f i r s t  Fresnel. zone and 
t h e  c r i t i c a l  h e i g h t ,  Ahc, f o r  each s e c t o r  were computed 
f o r  a  number of n u l l s ,  and a r e  t a b u l a t e d  i n  t a b l e  6-6 
and 6-7 f o r  t h e  ASR-8 and t h e  beacon, r e s p e c t i v e l y .  For 
ASR-8, t h e  c a l c u l a t i o n s  a r e  based on t h e  e f f e c t i v e  an- 
tenna  he igh t s  of  125 f e e t  and 325 f e e t  i n  each r e s p e c t i v e  
reg ion  of  i n t e r e s t .  For beacon, t h e  corresponding e f -  
f e c t i v e  antenna h e i g h t s  were taken t o  be 130 f e e t  and 
325 f e e t .  

Lobing f o r  ASR. 

(a )  Examination of  t a b l e  6-6 shows t h a t  f o r  s e c t o r  1, t h e  
s u r f a c e  roughness of  t h e  t e r r a i n  exceeds t h e  c r i t i c a l  
h e i g h t ,  Ahc, f o r  a l l  lobe n u l l s  except t h e  f i r s t .  There- 
f o r e ,  no lobing beyond t h e  f i r s t  n u l l  can occur .  I n  t h e  
case  of  t h e  f i r s t  n u l l ,  we n o t e  from t h e  t a b l e  t h a t  only 
about 20% o f  t h e  Fresne l  zone i s  i l l umina ted .  Although 
theory  doesn ' t  provide a  c l e a r  answer i n  such cases  of 
p a r t i a l  i l l umina t ion ,  it i s  reasonable  t o  expect  t h a t  t h e  
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TABLE 6 

ASR LOBING ANALY S I S EXAMPLE 

Order 
~f nu l l  

I Fresnel Zone Parameters 
- nautical miles - 

Point Point 
Far 

Point 

54.6 

19.2 
10.8 

7.3 
5.5 

2.3 
1.4 

1.0 

369 

129 

73 

49.5 
36.8 

15.4 

9.5 

6.8 

Horizon Grazing 
Range Angle, 
(nmi) !? (deg.)  

13.75 ,081 
13.75 .I61 
13.75 .241 

13.75 .319 
13.75 -406 

13.75 .786 
13.75 1.47 

Crit ica l  H t .  
of Surface 

Irregularity 
ah,, ( f t . 1  

15.56 

7.83 
6.21 

3.95 
3.10 
1.60 

0.86 

0.75 

Measured H t .  
o f  Surface 

Irregularity 
nh, ( f t . )  



Order 
of  null  

TABLE 7 

BEACON LOBING ANALYSIS EXAMPLE 

Fresnel Zone Parameters - nautical miles - 
Near 

Point 
Ref l ec t io :  

Point 
Far 

Point 

Horizon 
Range 
( n m i )  

14.02 
14.02 

14.02 
14.02 
14.02 

14.02 
14.02 
14.02 

Grazing 
Angle, 

Y (deg.1 

Crit ical  H t .  
of Surface 

Irregularity 
Ahc, ( f t . 1  

Measured H t .  
o f  Surface 
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depth of  t h e  r e s u l t i n g  n u l l  w i l l  be  reduced propor t ion-  
a l l y .  Combining t h i s  wi th  t h e  f a c t  t h a t  t h e  c r i t i c a l  
he igh t  o f  15.56 f e e t  f a l l s  wi th in  t h e  lower end o f  t h e  
a c t u a l  15-100 f o o t  i r r e g u l a r i t i e s  i n  t h i s  reg ion ,  it 
is  suggested t h a t  t h e  f i r s t  o r d e r  n u l l  would be a very 
weak one, i f  it does e x i s t  a t  a l l .  

(b) An eva lua t ion  of  t h e  r e s u l t s  shown i n  t a b l e  6-6 f o r  
s e c t o r  2  a l s o  leads  t o  t h e  conclusion t h a t  lob ing  w i l l  
no t  be troublesome. The reasoning he re  i s  t h a t  f o r  t h e  
f i r s t  four  n u l l s ,  t h e  absence o r  p a r t i a l  na tu re  o f  t h e  
i l l umina t ion  ( l e s s  than  30% of t h e  Fresne l  zone) nega tes  
t h e  p o s s i b i l i t y  of  s i g n i f i c a n t  lob ing  problems. For a l l  
h ighe r  o rde r  n u l l s ,  t h e  su r f ace  i r r e g u l a r i t i e s  exceed 
t h e  c r i t i c a l  he igh t s  necessary  t o  s u s t a i n  lob ing .  

(3) Lobing f o r  Beacon. 

In  t a b l e  6-7 it can be seen f o r  s e c t o r  1 t h a t  t h e  c r i t i -  
c a l  he igh t ,  Ahc, i s  much sma l l e r  than t h e  a c t u a l  su r f ace  
i r r e g u l a r i t i e s  f o r  a l l  n u l l s  except t h e  f i r s t .  Hence, 
no beacon lobing  beyond t h e  f i r s t  n u l l  can be expected. 
Also, t h e  f a c t  t h a t  t h e  c r i t i c a l  he igh t ,  Ahc, f o r  t h e  
first n u l l  (15.63' i n  t a b l e  6-7) i s  j u s t  above t h e  lower 
bound o f  es t imated  s u r f a c e  i r r e g u l a r i t i e s  i n  s e c t o r  1 
tends  t o  make t h e  p o s s i b i l i t y  o f  a  first o rde r  n u l l  
h igh ly  un l ike ly .  

For s e c t o r  2 ,  t h e  f a c t  t h a t  t h e  a c t u a l  s u r f a c e  i r r egu -  
l a r i t i e s  exceed t h e  c r i t i c a l  h e i g h t ,  Ahc, f o r  a l l  n u l l s  
above t h e  f o u r t h ,  sugges ts  t h a t  no v e r t i c a l  lob ing  o f  
t h e  beacon w i l l  occur  above 0.320 ( t h e  angle  o f  t h e  
f o u r t h  n u l l ) .  For a l l  p r a c t i c a l  purposes,  t h i s  argument 
a p p l i e s  t o  t h e  fou r th  n u l l  a l s o ,  s i n c e  t h e  c r i t i c a l  
he igh t ,  Ahc, f o r  t h i s  n u l l  j u s t  ba re ly  exceeds t h e  lower 
bound of t h e  a c t u a l  su r f ace  i r r e g u l a r i t i e s .  

The Fresnel  zones f o r  t h e  f i r s t  and second n u l l s  a r e  
only  p a r t i a l l y  i l l umina ted  ( l e s s  than 30%), and i t  i s  
t h e r e f o r e  concluded tha t ,  no s i g n i f i c a n t  f i r s t  o r  second 
lobing  n u l l s  w i l l  occur .  There a r e  i n d i c a t i o n s  t h a t  a  
t h i r d  o rde r  n u l l  i n  t h e  beacon p a t t e r n  may develop, how- 
eve r ,  because of t h e  f a c t  t h a t  t h e  Fresnel  zone f o r  t h i s  
n u l l  i s  i l luminated  t o  a  cons iderable  ex t en t  ( ~ 7 5 % ) .  
Since t h e  upper bound of  s u r f a c e  i r r e g u l a r i t i e s  ( ~ 3 0  
f e e t )  exceeds t h e  c r i t i c a l  he igh t ,  Ahc, f o r  t h i s  n u l l ,  
a  s t rong  n u l l  i s  not  expected,  bu t  it i s  recommended 
t h a t  t h i s  a i r s p a c e  s e c t o r  be i n v e s t i g a t e d  dur ing  f l i g h t  
checks f o r  t h e  ex i s t ence  and impact of  a  t h i r d  o rde r  
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beacon lobing  n u l l .  The n u l l ,  i f  it e x i s t s ,  w i l l  occur  
a t  an angle  o f  0.240 wi th  r e spec t  t o  t h e  l o c a l  ho r i zon ta l  
a t  t h e  beacon antenna. 
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APPENDIX 7 

SAMPLE ASR COVERAGE RANGE COMPUTATION 

INTRODUCTION. ,The detailed coverage range calculations for an ASR radar 
are presented in this appendix as an example. The case considered here 
is that of the ASR-7E where it is desired to calculate the maximum range 
of coverage at the elevation angle corresponding to the main beam maxi- 
mum gain. 

CO1lPUTATIONAL CONDITIONS. The calculations are done for the following 
conditions: 

Detection Probability = 0.75 

False Alarm Probability. 

2 Target Cross Section = 2.2 rn (T-33 Aircraft) 

Polarization = Linear. 

EQCATIONS. Equation 2-1 is used for the range calculation and is re- 
peated here for convenience: 

 US) GtGr d m  1 
R(naut. miles) = 129.2 I 114 (7-1) 

f (MHz) T~ (KO) SIN CB L 

where the units in parentheses represent the correct ones to obtain the 
range in nautical miles. Equation 7-1 is cumbersome to use in that form 
because many of those parameters are specified in decibels. It is con- 
venient, therefore, to change it into the form of equation 7-2. 

10 log R = 21.11 10 log Pt(kW) + 10 log r(ps) + 

The terms in the first set of brackets are independent of the antenna 
gain or the target cross section. Equation 7-2 can be rewritten in the 
following form: 

I 
K(dB) + Gt (dB) + G (dB) + 10 log o(m2) 

2.111 + r 
40 1 (7-3) 

R = 10 
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where t h e  cons t an t  K i s  de f ined  a s  fol lows:  

4. PARAMETERS. The r ada r  parameters  f o r  t h e  AG-~E necessary  f o r  t h e  range 
c a l c u l a t i o n  a r e  repea ted  here  from Table 1-1: 

Peak Power (PC) = 425 kW 

Pu l se  Length (T) = 0.833 w e c  

~ r e ~ u e < c ~  ( f )  = 2800 MHz 

Scan Rate  (W ) = 12.75 rpm r 

MTI RF Bandwidth = 5 MHz 

Receiver  Noise F igure  (Fn) = 5 . 1  dB 

PRF (f  - 1030 Hz 

Antenna Azimuth Beanwidth (Ra) = - 1 . 3 ~ ~ .  

The o t h e r  parameters  f o r  equa t ion  7-4 a r e  determined a s  fo l lows:  

3.. Noise Temperature - Ts. The n o i s e  temperature  i s  determined us ing  
equa t lon  L-L.  

Ta = 124 k (assumption as  f o r  paragraph 19.b) 

b. S i g n a l  t o  Noise Ra t io  - SIN. This  parameter  is  determined us ing  t h e  
Swerl ing Case 1 f l u c t u a t i o n  curves a s  given i n  r e f e r ence  6 .  The 
curve corresponding t o  0.75% p r o b a b i l i t y  of d e t e c t i o n  and prob- 
a b i l i t y  of f a l s e  a larm i s  s e l e c t e d .  The number of  i n t e g r a t e d  p u l s e s  
is  c a l c u l a t e d  us ing  equa t ion  1-4 a s  fo l lows:  

f  710 + 1200 
a  r 1.45' x Me-= 2  

6 W  6 x 12.75 = 18.1 h i t s l s c a n .  
r 

The va lue  of SIN read from t h e  Swerl ing curve is approximately 7.4 dB. 

P a r  4 



6310.6 CHG 1 
Appendix 7 

c. Bandwidth Correct ion Fac to r  - CB. Using equat ion 2-3 and the  m t i  
r e c e i v e r  bandwidth va lue ,  the bandwidth co r r ec t ion  f a c t o r  is calcu- 
l a t e d  a s  fo l lows:  

d. Losses - L.  Plumbing l o s s e s  f o r  t he  ASR-7E a r e  c a l c u l a t e d  t o  be 
3 . 2  dB a s  shown i n  paragraph 19. f .  of Sect ion 2. The antenna 
p a t t e r n  beam shape l o s s e s  a r e  1.6 dB, a s  f o r  re ference  6 ,  and t h e  
propagat ion abso rp t ion  l o s s e s  a r e  assumed t o  be zero  dB. The t o t a l  
l o s s e s  a r e  c a l c u l a t e d  t o  be  5 . 8  dB us ing  equation 2-4: 

= 0 + 1.6 + 4 . 2  = 5 . 8  dB .  

5.  RAWE CALCULATIONS. The va lue  of the  cons tan t  K ,  us ing  equat ion  7 - 4 ,  is 
- 8 5 . 8 4  dB. 

K = 10 log  425 + 10 log  0 . 8 3 3  - 2 0  log  2800  

-10 l o g  7 7 2 . 4 2  - 7 . 4  - 2 . 0 4  - 5 . 8  = 87 .57  dB. 

The antenna ga ins  f o r  the  upper and lower beams a t  the angle where t h e  
main beam reaches i t s  maximum a r e  determined from f i g u r e  1-6A: 

Gain of Lower Beam (GLB) = 3 3 . 8 5  dB 

Gain of Upper Beam (GUB) = 2 5 . 4 5  dB. 

2  
F i n a l l y ,  the  t a r g e t  c ros s  s e c t i o n  of 2 . 2  m f o r  a  T-33 a i r c r a f t  i s  
3 . 4 2 4  dB .  The l a s t  s t e p  i n  t he  range ca l cu la t ion  i s  t o  use equat ion  7 - 3 .  
I n  the fo l lowing  paragraphs two cases  a r e  considered f o r  t he  ASR-7E 
depending on which beam is used f o r  recept ion .  

a.  Main Beam Reception. The maximum coverage range i n  t he  case  where 
the  main beam i s  used f o r  both t r ansmi t t i ng  and r ece iv ing  is  50.1n.m. - - 
a s  c a l c u l a t e d  below: 

P a r  5 Page 3  



6310.6 CHG 1 
Appendix 7 

This range value can be cross  referenced wi th  both  f fgures  2-4A and 
3-18A. 

b. Upper Beam Reception. The maximum coverage range i n  the  case where 
the  passive beam is used f o r  rece iv ing and the  main beam f o r  t rans-  
m i t t i n g  only i s  30.9 n.m. a s  calculated.belcw: 

This range value can be c ross  referenced v i t h  f i g u r e  3-18A. 
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O f  Screen Objects, 77, 197 
To Fixes, 197 

Environmental Impact Assesment, 
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ana lys i s ,  139-148, 242-244 
cause, 41, 139-140 

Fences, 138, 172, 194 
Field Survey, 202-203 
F i l t e r s ,  camera, 204, 210-211 
Fixes (see Navigational Fixes) 
F la t  Terrain,  119, 159 

Graphs, Screen Angle, 214 
Ground c h a r a c t e r i s t i c s  

conductivi ty,  127-129 
roughness, 89, 106 
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Hot Spots, 62, App. 5 
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Indica tor  S i t e ,  1, 55, 61, 197 
In tegra t ion ,  Pulse, 24 
In ter ference ,  20, 174-175, App. 5 
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Legal Requirements 
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Line-of-Sight 

boundary diagram, 198, 205, 
221-225, App. 5 

d e f i n ~ t i o n ,  77 
e f f e c t s ,  77 
o p t i c a l ,  84, 190, 194, 198 
radar ,  77, 84, 157 

Lobing (see v e r t i c a l '  Lobing) 
Losses, 64-65, 145 
Low Al t i tude  Coverage, 202 
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183-184 

Maps 
a i r p o r t  master plan, 185, 

196 
geological survey, 185 
MOCA cha r t s ,  58, 185-186, 

196 
municipal, 185-186 
navigat ional ,  185-186 

Measurement Accuracy 
map s tud ies ,  185 
survey, 203 
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Minimum Obstruction 

Clearance, 58, 185-186 
Missed Approach, 59 
Missed Targets ,  21, 148 
Mobile Radar Van, 137, 246, 
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Moving Target Indica tor  (MTI) , 
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ASR Operation, 21 
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169, 173, 242-244 



Navigational Fix, 58, 188 
Noise, receiver, 64-65 
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Omnidirectional Antenna, 35-36, 
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preparation, 213-214 
taking of, 210-211 
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Site Investigation, 194 
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Pulse Duration, 17 
Pulse Integration, 24 
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Radar, ASR 
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operation, 60-63 
parameters, 2-4, 137 
performance, 64 
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ATCRBS, 66, 75-76, 234-237 

Range Aximuth Gating, 25, 
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Criteria, 106 
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pulse integration, 24 
sensitivity, 3-4, 20, 28 

Reflection Coefficient, 93, 
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Reflections 
structures, 61, 139-148, 
170, 242-244 

diagrams, 243 
ground, 89-131, 235-242 

Refraction, 77, 80, 138-139, 
162-165 

Remote Microwave Link (RML) , 
55, 61 

Road Construction, 59-60, 
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Runway Coverage, 59 

Scan Rate, 11, 35 
Screening, 74-89, 213-226 
angle, 77, 214, App. 3 
close-in, 87 
horizon, 77-87 
LOS, 73, 84, 190, 198, 
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survey, 197, 205 
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Sensitivity Time Control (SW), 
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Shielding, 87, 173 

Page 3 



~ i d g  Lobe Suppression (SLS) , 
40-45 

S i te ,  ASRIATCRBS 
analysis ,  212-254 
invest igat ion,  202-203 
se lec t ion  of, 256 
survey, 176, 203 
typ ica l  s i t e ,  176 

Si t ing 
conference, 256 
repor t ,  255, App. 4 
requiz=ements, 175-179 
team, 182-185 

Skyline 
elevation angle survey, 197, 

202-208 
graph, 214 
panoramic, 210-211, 213 

Survey 
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tasks, 197-198 

Tangential Course 
analysis ,  148-154, 249-251 
blind speed, 21 

Temperature, Inversion, 163 
91, 106, 130, Terrain Types, 74, 
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coasta l ,  157 
f l a t  earth,  119, 
mountain, 160 
overland, 159 
urban, 161 

Towers 
ASRIATCRBS, 10, 55, 173 
RML/others, 170, 172-173 
Terminal Control, 196 

Traf f ic  
surface, 162, 196-197 
terminal area,  60 

Transit  Surveyor, 204 
Transponder, 27, 41, 53, 66 

U t i l i t y  requirements 
e l e c t r i c a l  power, 54, 178-179, 

197, 201 
sani ta t ion,  179, 197, 201 
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Urban S i t e s  (see Terrain Types) 

Vehicular Traff ic ,  162, 197 
Vert ical  Lobing, 16, 74, 
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analysis ,  89-144, 235-242 
description,  89 

Video Enhancement (see Pulse 
Integration) 

V i s i b i l i t y  
f ac to r  i n  MTI, 20-24, 60 
LOS, 74-89, 198, 221-225 

Weather, 11, 60, 138-139, 
165-169, 186 

Worksheets, 192, 216, 223, 
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