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I. INTRODUCTION 

c\ method, which  has  spec ia l   appl icat ion  to   the  Microwave 
Landing System, has  been  developed f o r   e s t i m a t i n g  power 
denszty above  runways w l t h  complex c e n t e r l i n e   p r o f l l e s .  
The method  u5es a b u i i d l n g   b l a c k  approach  where t h e  
fundamental f l a t  ground model i s  augmented w i t h   f a c t o r s  
wh ich   accoun t   f o r   t he   a t tenua t ion   a t t r i bu ted   t o   t he  
p a r t l c u l a r   c e n t e r l x n e   p r o f l l e   f e a t u r e s .   T h i s  paper i s  
a c t u a l l y  a sequel t o  the  paper  "Rpplicatlon  of Wedge 
D i f f r a c t i o n  Theory t o   E s t i m a t i n g  Power D e n s l t y   a t   A l r p o r t  
Humped Runways" C l l .  4pp l ica t ion   o f  a s i n g l e  wedge surface, 
as descr ibed i n   t h e  above  paper,  proved t o   b e  adequate f a r  
es t imat ing  power dens i t y   a t   seve ra l   a i rpo r t  runways. How- 
ever, at severa l   o the r   runways   t he   cen te r l l ne   p ro f i l e  
complexl ty was such t h a t   t h e   s i n g l e  wedge surface  proved 
t o  be  inadequate. 

11. THE WEDGE FWTOR METHOD 

The above referenced  paper  has shown t h a t  if t h e   r e c e i v e r  

be  expressed  as a p roduc t   o f   the   f la t   g round power dens i ty  
I S  near or i n   t h e  shadow reg ion   t hen   t he  power dens i ty  can 

d i f f r a c t l o n   f r o m   t h e   f i r s t  uedge e x c i t e s   t h e  second wedge 
and a wedge fac to r .  For t h e  case  o f   mu l t ip le  wedges, 

which I n   t u r n   e x c i t e s   t h e   t h i r d  wedge and so on. A slmple 
method f o r   e s t i m a t i n g   t h e  power d e n s i t y   i n   t h e  shadow 
r e g i o n   i s  t o  compute t h e   f l a t  ground  case  and m u l t i p l y   t h e  
r e s u l t   b y  a f a c t o r   f o r  each a p p l i c a b l e  wedge. F igure  1. 
presents  the  basic  concept. An example i s  given  below f o r  
t h e  case  of  Denver Kunway 17R (see Fig.  2) w i t h  t he   rece ive r  

be  determined by l o c a t i n g   t h e   t r a n s m i t t e r   a t   h e l g h t a  of 
10 f t  above the  threshold.  The wedge f a c t o r s  1 , 2  and 3 can 

he igh ts   o f  1,  1 and 10 f t .  above p o i n t s  2 ,  3 and 4. respec- 
HT, 1 and 1 ft. above p o i n t s  0, I and 2 and t h e   r e c e i v e r   a t  

t i v e l y ,  and execut ing  the  F igure 4 program f o r   t h e   a c t u a l  
and f l a t  ground  case5 f o r  each  of t he   t h ree  wedges. 
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fac to r  15 positive. Th is  1s because t h e  wedge angle is 
I t  should  he  noted i n   t h e   t a b l e  above t h a t   t h e  Wedge  No. J 

presented i n  I 1 3  i s  mod i f ied  as i n d i c a t e d   i n   F i g u r e  4 
i nver ted  (1.e.  a  concave surface).  The computer  program 

end w i t h  0 are  new; l i n e s  590 and 600 have  been  changed). 
t o   h a n d l e   t h i s   s p e c i a l  case ( l i n e s   w i t h  numbers t h a t  do n o t  

Cont lnuous  plots  of  power dens i t y   ve rsus   he igh t  above 
th resho ld  (see F i g u r e  2 )  where ob ta ined  by   loca t lng  a 
source above Po in t  No.2 such t h a t   t h e  power d e n s i t y  was 
equal t o   t h e   v a l u e  computed f o r   t h e   r e c e i v e r   a t   t h e  10 f t  
he igh t .   Th is   he igh t  was then  used as i n p u t   t o   t h e  
computer  program (F igure  4)  t o  genera te   t he   p lo t s .  

Measurements  were made by a  team of  FAA and Haze l t ine  
personnel a t  Denver du r ing   t he   pe r iod  Dec. 7-11, 1987 C21. 
A sample of the  measurement r e s u l t s  are shown i n   F i g u r e  3. 
Inc luded  are  est imated  po ints  based  on the  method presented 
above. Good agreement i s  observed. 
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P2 = Pl*AI 
F3 = Pl+Al+AZ 

WHERE: P = TRANSWITTER  POWER 

, R=DI+DZ+D - 
,R=Dl+DZ+D3+D 

G = TRANSMITTER GAIN 
x = FREE  SPACE  WAVELENGHT 
D = DISTANCE  ALONG  EXTENDED  WEDGE  SURFACE' 

A1 = WEDGE NO.l ATTENUATION  FACTOR 
A2 WEDGE N0.2 ATTENUATION  FACTOR 

FIGUfiE 1. ESTIMATING POWER DENSITY ABOVE RUNWAYS 
WITH  COMFLEX  RUNWAY  CENTERLINES 
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1 0 0  DATA 2 ~ 0 ~ 4 0 0 0 ~ 1 0 1 E 0 0 0 ~ 0 ~ . 2 ~ 1 3 ~ 8 ~ 1 . 2 1 5  

120  INPUT  'RECEIVER  COORDINATES X,Z = ' iXR,ZR 
1 1 0  READ ~ T ~ Z ~ I X ~ ~ Z ~ ~ X ~ ~ Z ~ ~ Y L ~ O B Y ~ O B G I Y P F  

1 4 0   T H E T A l * A T N l l 2 2 - Z T l / X Z )  
1 3 0  PI.4.ATNIl I 

1 5 0  D2~SPRllZR-lZl~2+lXR-X2lL2l:Dl~SPRllZZ-ZT~L2tX2A2l 
110  D3.SQRl IZR-ZT)*2 tXR*21 

180 E E T A ~ A T N l l f Z - 2 3 ) / t X 3 - X 2 ) ) * T H E T A l  
1 7 0  ALPHA*ATNI122-Zl l /X21-THETAl 

1 9 0  I I ~ Z 2 - D l ~ S I N l 2 ~ A L P U A . T H E T A l l : X I ~ X 2 - D l ~ C O S ~ 2 O A L P H A ~ T H E T A l L  
200 lI2~ZZ~Dl*S~NlZ~BETA-T~ETAl1:X12~XZ-D1*C051Z~BETA-THETAl~ 
203 l I 3 ~ Z 2 ~ D l ~ 5 I N l ~ ~ B E T A ~ 2 ~ A L P H A - T H E T A l ~ : X ~ 3 ~ X 2 - D l ~ C O S l 2 ~ B E T A * 2 ~ A L P H A - T H E T A l 1  
2 1 0  D4.SPRlt~R-21)n2*CXR-Xl~A21 
220 D5~SPRllZR-2121LZtlXR-X121*21 
224  06.SPRIfZR-Z131L2tlXR-X131*2) 
230 PHE~ATN~lZR-~T~/XRl-THETAl 
240 IF XR)X2  TUEN GA~~A~ATNllZR-22lIlXR-XZll 

260 I F  X R - X 2  THEN  CAUMA*PI/Z 
250 YF XRCX2  THEN GAHMA~ATNIlZR-12~IlXR-X2ll~PI 

280 U.VPFIPHE~~~/ATNII~:GOSUB 65O:V l= l * .8 *TANH 
270 THETfi.GAMUA-THETA1 

300  PHE3~ATNIlZR-2l2~/lXR-X12lI+2~EETA-THETAl 
290 PUE2.ATNlI2R-III/~XR-XIll-THETAl-P~ALPHA 

310  U.VPF*PUE2.4SfATNIll:GOSUB 65O:V2*1- .8*TANH 
304 PHE4~ATNIl2R-213~/lXR-X19lIr2~BETAr2~ALPHA-THETAl 

320  U . V P F . P H E 3 . 4 5 I A T N I l l : G D ~ U B  650:V3=1- .8*TANH 
124 U=VPFIPHEI.~S/ATN~~I:GOSUB 650:V4*1* .8*TANH 
330  D3P~D1~2~1S1NIPHE/2~ln2*D2~24lSINllTUETA-PHEl12~lL2 
34C D4P~OI~2~l51NlPHE2/~ll~2*D2~2~1SIHllTUETA-24ALPHA-PHE2~~2l1"2 

354 D 6 P ~ O 1 ~ 2 ~ 1 S 1 N l P H E 4 / 2 ~ 1 ~ 2 + D 2 ~ 2 ~ I S I H l l T U E T A * 2 ~ B E T A * Z ~ A L P H A - P H E 4 ~ l 2 ~ l ~ 2  
3SO DSP~01~2~l51NlPHE3/2llL2tD2*2~lSINlITHETAt2~BETA-PHE3~/2ll~2 

360 SNl.SGNITHETAI:IF SNl.0 THEN  SN1-1 
3 7 0  SN2-SGNITHETA-2.ALPnA):IF SN2.0 THEN SN2.1 
380 SNJ.SGNI-THETA-2.BETAl:IF SN3.0 THEN bN3.l 
390 SN4*SGNI-THETA-2*ALPHA-2*BETA):IF SN4.0 THEN bN4.l 

4 1 0  E 1 1 ~ l D 1 + D 2 l ~ V l ~ l . 5 + . 5 r S N 1 ~ t S ~ N 1 2 ~ P I ~ D 3 P I U L l / D 3  
4 0 0  ElR~lDl+D2ltVlrl.5+.5~5Nll~COSlZ~PI~D3PIYLl/D3 

420 E 2 R ~ I D l ~ D 2 l ~ V 2 ~ l . 5 + . S 1 5 N 2 l ~ C O ~ l 2 ~ P I ~ D 4 P l U L l / D 4  
430 E 2 1 ~ l D 1 r D2l~v2~l.S*.5~5N2ltSlNf2*PI1D4P/ULl/~4 
4 4 0  E 3 R ~ l D l 1 D 2 l ~ V 3 ~ l . 5 r . S ~ 5 N 3 ~ ~ C 0 S l 2 ~ P I ~ D 5 P / ~ L l / D 5  
4SO E 3 1 ~ l D 1 ~ D 2 ~ ~ V 3 ~ l . 5 ~ . 5 ~ S N 3 l ~ S I N l 2 ~ P I * D S P l U L ) I D S  
452  
454  E4I~lDl+D2~~v4ll.S+.5fSN4lbS~Nl2*P~~D6PlULllD6 

4 1 0  FOR C= 1 TO 4 
460 D.D11D2/101tD2)  

4 8 0  IF K.1 THEN THETmTHETA:SN=SNl:GOTO 520 
4 9 0  IF K.2 THEN THET.THETA-2.ALPHA:SN.SN2:GOTO 520 
500 IF K.3 THEN THET.-THETA-Z*BETA:SNISN3:GOTO 520 
1 1 0  IF K.4 THEN THET.-THETA-Z*ALPHA-2*BETA:SN.SN4 
520 V ~ 2 ~ P l ~ S P R l D / U L ~ ~ S I N l T H E T f 2 ~ ~ V ~ A B S l V ~  
5 3 0  IF V.0 THEN E 3 R l K l ~ . 5 : E 3 I I K l . 0 : G O T O  580 
5 4 0  Y.V:GOSUE 6SO:TANHl.TANH 
S50 Y.Vl2.4:GOSUB 6SO:TAHUP*TANH 

560 E 3 R I K ) ~ l T A N H ! / 2 / V - V ~ E X P l - l . 5 ~ V l I 4 ~ ~ S N * C O S l P I ~ T A N H 2 / ~ ~  
554  IF v( .oooo1  TnEN E3RlKI*.5.SN.COSlPI~TANH2/4l:GDTO 564  

5 6 4  IF V(.OOOOl  TUEN E3IlKl~.S~SN*SINIPI*TANH2~4~~GDTO 580 
5 7 0  E 3 l I K ~ ~ l T A N H 1 / 2 / V - V ~ E X P ~ - l . ~ ~ V ~ I 4 ~ ~ S N + S ~ N ~ ~ P I ~ T A N U 2 l 4 1  
580 NEXT K 
590 ER~ElR-E2R-E3R~E4R-E3Rlll+E3Rl2~*E3Rl31-E3Rl4~ 
600 ~ I ~ E l I - E ~ I - E 3 l r E 4 I - E 3 l l l l + E 3 1 l ~ l * E 3 1 l ~ ~ - E 3 ~ ~ I )  
6 1 0  P ~ l E R ~ 2 r E ~ ~ Z I 1 4 / P I / I O l * D 2 1 A 2  
620 IF P.0 TUEH OBP.-1000 ELSE O B P ~ l O ~ L D G ~ P ~ I L D G ~ l O ~  
~~~ ~ 

630 OEVMZ.DBP*D?V*DBG*lO:) 
640 PRINT "X I X R , ' Z  rn ZRI.OB V/MA2 'DBUH2:END 
650 IF WlO TUEN  TANH=l:GOTO 680 
010 IF U < - l O  THEN  TANH*-1:GOTO 680 
S?O TANH=tEXPl~~-EXPl-UlIIlEXPlYl+EXPl-Ul~ 
680 RETURN 

FIGURE 4. REVISED HUMFRWY PROGRAM, INVERTED HUMP CAPABILITY 
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