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SUMMARY 

T a l l  buildings can obscure Line-of-Sight radio 
l inks .  This paper out l ines  an algorithm f o r  
checking whether or not a given obs tac le  is l i k e l y  
t o  cause d is rupt ion  of communication. 
We have developed an engineering d p a - b a s e  which 
includes a l l  R-F emi t te rs  i n  Israel , as  w e l l  a s  
DTM. propagation-path loss,  graphics e t c .  Thus we 
can ensure making optimal use of the R-F spectrum 
without causing harmful in te r fe rence .  

This computer-aided program a l s o  checks t h a t  
any new 7-storey or higher building w i l l  not 
penetrate protected Fresnel zone of rad io  l i n k s .  
We do not use the  method f o r  the design of new 
radio l i n k s  against  obstructions because our DTM 
does not  include buildings.  We do, however, provide 
maps drawn t o  sca le ,  representing the  L-0-S rad io  
l i n k s  and the r e s t r i c t i o n s  on the  m a x .  height of 
any building along the  path. Thus the  algorithm 
enables us t o  bui ld ,  i n  expensive a reas ,  up t o  the  
max. permissible he ight ,  without de te r iora t ion  i n  
performance. 

INTRODUCTION 

1. The na t iona l  data-base provides a l l  the needed 
da ta  of the rad io  l ink .  
S i t e s  A & B coordinates ; height of the  tower above 
sea  l e v e l  and t h a t  of the  antenna above ground. 
Topographic p r o f i l e  i s  obtained by Dig i ta l  Terrain 
Mapping. Frequency is taken a s  the average of the 
two receiving together with the  two t ransmi t t ing  
frequencies. 

boundary is an e l l i p s o i d  i n  space, whose 
perpendicular distance from the L-0-S of the  l i n k  
is an e s s e n t i a l  f a c t o r  i n  the  determination of the  
required clearance from obs tac les  i n  rad io  l inks .  

Fin. 1 : Fresnel zones 

2. Using the  Pythagoras theorem, and the  l i n e a r  
approximation of square root ,  F1- the  f i r s t  Fresnel 
radius i s  given by 

J {(adl x d2)  / d l  
where ----------------- -------__-------_ 

d = dis tance  t o  the  near end of the  path 

d 2 =  distance t o  the f a r  end of the  path 

d = t o t a l  path length 

F i s  i n  the same u n i t s  as  d l .  d2 .  d .  

Taking d i n  km , f i n  GHz - w e  g e t  

F1= 17.32J {(d lxd2)  / ( f x d ) )  ; 

2. The graphics provide maps of a l l  l i n k s  a s  F2= 24.5 J {(d lxd2)  / ( f x d ) )  . 
required,  including Fresnel zones. These drawings 
a r e  very he lpfu l  f o r  the pred ic t ion  of RFI among Similary, the  radius Fn of the  n I t h  zone is given 
l inks3 .  When drawn on a map t o  s c a l e ,  we thus have by : Fn=(Jn)xF1. 
a usefu l  t o o l  f o r  planning committees, f o r  the  
determination of r e s t r i c t i o n s  on the  permissible 
height of new buildings being planned. d i s tance  dl The Fresnel zone grows with increasing 

3. This paper dea ls  with obstruction i n  the  
f a r - f i e l d  zone. Fresnel zone considerations apply 
only t o  obstacles i n  the  f a r - f i e l d  zone which is 
defined by the inequal i ty  d> 2DxD/A where: 
d=dis  tance 
D=antenna diameter measured i n  the  same u n i t s  a s  A .  

A .  FRESNEL ZONES 

1. Fig. 1 shows Fresnel zones 1 and 2. The f i r s t  
Fresnel zone is defined by the  boundary of the  
i n d i r e c t  paths of length d + A/2. where d is the  
the t o t a l  d i r e c t  path d is tance ,  and A is  the wave- 
length.  This i s  the inner c i r c l e .  
The second Fresnel zone i s  the  c i rc le ,perpendicular  
t o  t h e  path,  f o r  which a l l  poss ib le  i n d i r e c t  paths 
t r a c e  a length of d + 2 ~ / 2  r e f ( 2 ) .  The Fresnel 

from the near-end, reaching i t ' s  maximum halfway 
along the  l i n k .  The zone decreases with increasing 
frequency. 

I 

Fig. 2 : Obstructions t o  R-F l i n k s  
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Diffraction attenuation occurs i f  mope than 
0.5-0.7 of the  f i r s t  Fresnel zone i s  obstructed 
by obs tac les ,  consequently such a s i t u a t i o n  must 
be avoided. 
3 .  The analysis of the  problem is performed i n  two 
orthogonal planes. I n  dealing with a na t iona l  
data-base of pwave l i n k s ,  we begin by screening the 
l i n k s  i n  the horizontal  plane. The search f o r  
obstructions i s  made as  indicated i n  Fig.  3. 

B. TOP-VIEW 

4. R i n  Fig. 3 represents Fresnel zone + 
the  approximate s i z e  of the  inspected building 
a t  C.  The computer e x t r a c t s  a l l  the  l i n k s  whose 
d is tance  from point C is less than R .  

a. To save computing t i m e ,  w e  search only f o r  
those l i n k s  which c ross  a square (not  a c i r c l e )  
of 

b. 

C. 

d.  

2R s i d e  : A2-B2 & A3-B3- only ' ( s e e  Fig. 3 ) .  

w e  d i s t inguish  between two d i f f e r e n t  cases 
building the l i n e  joining the two end-points 
of the l i n k  : cos A > 0 : 
building off the  above mentioned l i n e :  
cos A < 0. 

For the f i r s t  case,  the distance C t o  A -B i s  
the height of the t r i a n g l e  ABC; r is a 
from "point t o  l ine" .  

I n  the  second case,  r i s  the d is tance  C t o  
A -B 
D?st&ce t o  the  l i n k  is i r r e l e v a n t .  

( t o  the nearest  end-point) .  

A ............. .... .... . . ......... ... . ............... ..... 

POIi'iT " C  TO LINK 'AB' 

B3 

POIi'iT " C  TO LINK 'AB' 

e. Even though the  most d i s turb ing  r e f l e c t i o n s  
en ter  through the mainlobe, there  i s  an 
in te r fe rence  caused by r e f l e c t i o n s  from the 
building a t  point C (near the  antenna a t  A ) t o  
the  l ink .  Those re f lec t ions  e n t e r  via3 the 
side-lobes. 

f .  Fig. 5 describes the antenna p a t t e r n  envelope. 
Fig. 6 d e t a i l s  the  algorithm of our 
approximation t o  a n t '  side-lobe l e v e l s .  
Fig. 7 displays a typ ica l  calculated pa t te rn .  

The approximation is b a s e d  on references 4 ,  5. 
We compared our estimate pa t te rn  with the  
rad ia t ion  pa t te rn  envelope of Antenna type 
number P6-122D. 

The calculated s i d e  lobes envelope lies between 
the given v e r t i c a l  and horizontal  pa t te rns .  

Throughout the  analysis i n  the  horizontal  plane 
we assume an Euclidean geometry. For l i n k s  shor te r  
than 100 km the  assumption of " f l a t  earth" allows 
determination of ranges with adequate accuracy 
(unlike determination of angles ) .  

The distance from the building t o  the  path of 
the  radio l i n k  i n  Fig. 3 is : Twice the  t r i a n g l e  
a rea  divided by the path-length of the  l i n k ,  see 
formulae i n  Fig. 3. 

The l e a s t  s i g n i f i c a n t  d i g i t  i n  U T M  coordinates 
(6  d i g i t s  f o r  longitude, 7 f o r  l a t i t u d e )  represents 
meters. Thus the square root of the  sum of squares 
of coordinates 6X & 6 Y  gives the  values of a ,  b. c 
i n  meters. 

The approximation avoids the need f o r  the  
transformation t o  geographical coordinates and 
ca lcu la t ions .  Such transformation is u t i l i z e d  
only f o r  the accurate determination of angles. 
That i s  important f o r  antenna i n s t a l l a t i o n s  and 
d i rec t ions  r e l a t i v e  t o  the north.  

Cartographic examination of the range e r r o r s ,  
has proven t h a t  "6d" i s  less than dfl000 , i f  the 
distance is measured i n  the eas te rn  p a r t  of 
extended s e c t o r  number 36; 6d = df6000 near the 
southern border of ISRAEL. 

C.  SIDE VIEW 

6. Only those l i n k s  which a r e  less than d is tance  
R from the  spec i f ied  building, a r e  f u r t h e r  analysed 
i n  the v e r t i c a l  plane. 

Here the  examination i s  more complicated. We 
check t h a t  the building does not obscure the 
extended Fresnel zone. I n  addition t o  d i f f r a c t i o n  
problems, i n  the v e r t i c a l  plane the R-F propagation 
is af fec ted  by changes i n  'In"- the r e f r a c t i v e  index 
of the  a i r .  

The k-factor is the e f f e c t i v e  earth-radius 
fac tor .  The nominal value k=4/3 does not represent 
the severe cases when the  e f f e c t i v e  radius of the 
e a r t h  i s  smaller than Ro=6370 km. 

The ray of the pwave radio l i n k  bends 
downwards f o r  k > 1, the e a r t h  is "f la t tened"  ; 
conversely, the ray bends upwards f o r  k < 1 - the 
e a r t h  is "bulging". The design range of k i s  from 
213 t o  413. 

The a t  any point on a rad io  path is  
given by: h = (d d ) f (12.75K) ; ( m ) .  
dl ,d2 i n  km t o  thk gear and f a r  ends, respectively.  

"earth bulge" 

(Those F i g ' s  appear i n  appendix A ) .  
2.2.5 
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ALTITUDE Above Sea Level (meter) The r u l e s  a r e  Ref(2):  

-0 0 a.  clearance of .577F1 over obstructions with k.0.7 

71 0 
3 - 
D 

Fig. 4: Path P r o f i l e  

Fig. 4 shows a path p r o f i l e  from our computer, 
i t  i s  a graphical representation of a rad io  l ink-  
12.5 km distance between end-points. 

The range - from the corrected Fresnel e l l i p s e  
t o  the topographic map - is  the permitted height 
of the  s p e c i f i c  building. 

The building loca t ion ,  i n  the gr id  on the 
p r o f i l e ,  is not t r i v i a l .  Only i n  the  case when 
point "C" l i e s  on the  segment AB (cos A = l), is 
"C" exac t ly  on the  path p r o f i l e  i n  Fig. 3. 
Else,  w e  need the t h i r d  dimension i n  the  p r o f i l e  - 
depth. The horizontal  distance r ( " C  from AB" i n  
Fig. 3) is small (E Fresnel - ) ;  so only i n  extreme 
topographical conditions an e r r o r  may occur : the 
range from the building t o  the  Fresnel p r o f i l e  
above is d i f f e r e n t  from the one presented. 

b. clearance of 1.0 F1 over obs t ruc t ions  with k=4/3 

c.  clearance of 0.3 F1 over obstructions with k=2/3 

Ref(1) Freeman uses k = 0.92 r = 0.6F1 

(Where F1 is the f i r s t  Fresnel zone rad ius) .  

Thus i n  the e leva t ion  path p r o f i l e ,  w e  add 3 
elements t o  check clearance: 

a.  Fresnel zone 
b. Earth curvature or e a r t h  bulge 
c. Building height 

8. I n  the  output shown i n  Fig. 4 

d = 12584 m, a = 2.3 cm. F1= 8.5 m ,  k=4/3, bulge=2m 

Point A i s  an antenna mounted on a tower 64 meters 
A.S.L. 36 meters above ground. 

Point E 
A.S.L. 42 meters above ground. 

i s  an antenna mounted on a tower 83 meters 

We see d i f f e r e n t  sca les  i n  horizontal  and 
v e r t i c a l  coordinates. Obstacles a r e  obstructions 
when the height of the  building touches the  
relevant e l l i p s e  jo in ing  the  end-points. 

CONCLUSION 

This program works and provides quick answers t o  
planning committees with regard t o  the  permissible 
height of buildings i n  urban areas.  Our system is  
a l s o  usefu l  i n  checking f o r  poss ib le  obstruction of 
pwave l i n k s  by wind-driven generators,  a s  these 
a r e  erected on h i l l t o p s .  

The algorithm may be used t o  p r o t e c t  o ther  R-F 
systems from the e f f e c t s  of obs tac les ,  espec ia l ly  
Acquisition & Search RADAR. 

Communications on frequencies below 0.5 Ghz a r e  
l e s s  a f fec ted  by obs tac les ,  and thus not protected 
by t h i s  method. 
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Receiving antennas AP30 (Orb-85) - 251 
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APPENDIX A .  

Compute Gain Atten. 
A A Z ;  AEL 

i 
Antenna Gain; 

Gu=Gtxmax -A A Z L  -AE 

Compute Gain Atten. 
AEL 

c 
Antenna Gain; 

G ,.= G ,.max -A E 

w 
Fig. 6 :  ANTENNA PATTERN CALCULATION 

r 
0 A 

Antenna Gain; 
G,== Gtxmax 

r 

1 

A T .  CALC, 
0 

3 (AZ/0.5 BWI’ 
20 dB 
LS log ( A U O . 5  BWI 
GRmax + 10 dB 

CALCULATED ANTENNA ENVELQPE 

Fig. 7:displays a typical calculated pattern 
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