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SUMMARY

The key features of Spectrum Management Intelligent System(SMls)
are coverage predictions and interference predictions with radio wave
propagation prediction algorithm based on ITU-R Recommendations.

These ITU-R Recommendations are updated to the latest one.

By reviewing radio wave prediction modules of SMIs and configuring
them efficiently, the way of improving reliability of analysis results and

enhancing user-friendliness is presented.

By comparing existing radio wave propagation prediction models
and classifying them as well as reviewing to latest ITU-R
Recommendations, the way of applying radio wave prediction models

;which considers terrain features, is presented.

The way of applying radio-refractive index lapse-rate data effected by
temperature, air pressure, etc, which requires for radio wave

propagation provided by ITU-R Recommendation, is presented.

The way of additional parameters such as interference protection

margin, 3D antenna pattern, etc, is presented.

Finally, configuring radio wave propagation prediction models to

improve reliability of analysis results and user-friendliness is presented.
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Percentage of time gradient < ? 00 (N-units/km): August

Percentage of time gradient < ? 00 (N-units/km): November
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3. 3D <¢HEIY WAL giE A4

sl 3DsfE

Hgatel Aol e

7 Adu s

NUMS:
TIPO[n]:

DIAG AMPH[]:
AMPV_FRONTI[]:
AMPV_BACK]]:

GVMAX][n]:
LAMBDA LAV:

FI O[n].TETA Oln]:
RIB[n]:

POSX[n],POSY[n].POSZ[n]:

FASE EL[n]:
Aln]:

Y. DIAG 3+

WARA o] ko]

=

=

= 4§

4 EES B dactd AxE ZE=EE
dEY AEE SIS P

number or radiating sources

type of the n-th radiating source: if all the sources are of the same type TIPO[n]=1
for each n

vector containing the voltage gain, normalized according to the maximum., in the
horizontal plane with a 1° step

vector containing the voltage gain, normalized according to the maximum, in
front side of the vertical plane with a 1° step

vector containing the voltage gain, normalized according to the maximum, in the
back side of the vertical plane with a 1° step

maximum voltage gain of the n-th source
wavelength (cm)
azimuth and elevation (rad) of the boresight of the »-th radiating source

value of the rotation angle (degrees) of the n-th source relative to its boresight
direction

Cartesian coordinates of the position of the n-th source (see Fig. 46)
phase feed angle of the n-th source (rad)

power feeding coefficient of the n-th source

<% 35> 3D <ty ¥ debrlE

= AR
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float DIAG(fi,teta)

double fi .teta; /* polar co-ordinates (azimuth,elevation) of the observation
direction, expressed in radians /*radiating source indicator */
{

it n;

double fase_tot;

double aux0,reale,imag.aux:

float amp_rad();

double fase rad():

double fase_pos():

double faseaux:

reale=0.0;

imag=0.0;

for (n=0: n<NUMS:n++)

{
fase tot= fase rad (fi.teta.n) + fase pos (fi.teta.n) + fase el [n]:
aux0 = sqrt(a[n]) * amp_rad (fi.teta,n):
reale = reale + aux0 * cos(fase_tot);
imag = imag + aux0 * sin(fase_tot):
}
aux = sqrt((reale*reale)+(imag*imag));
return(aux);

}

t}. AMP &35
HWALA o] HQto] 55 ALksit

float AMP RAD(fi,teta,n)

double fi .teta: /* polar co-ordinates (azimuth, elevation) of the observation
direction, expressed in radians */
it n; /* radiating source indicator */
double £2.t2;
int m;

int az.abbl.abb2:

float aux:

double abb;

float ampv1.ampv2.ampv:

m = tipo[n];
RUOTA_RIB(n.fiteta.&f2.&t2);
az = (180./PD)*f2:

abb = (180./PI)*t2;

abbl = abb;
if (abbl < 0)
abbl —=1:

abb2 = abbl + 1:
if (azl < 0)
azl += 360:
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if ((abb1==-90)||(abb1==90))
azl=0:
/*voltage gain of the n-th source in the direction (¢, 0) */
if ((az > 90) && (az <270))
{

/* interpolation of the value of the amplitude vertical pattern back */

ampvl = ampv_back[m][abb1+90]:
ampv2 = ampv_back[m][abb2+90]:
ampv = ampv1 + (ampv2-ampv1)*(abb-abbl);
aux = gvmax[m]*diag_amph[m][az]*ampv;
}
else

{

/* interpolation of the value of the amplitude vertical pattern firont */

ampvl = ampv_frontfm][abb1+90]:

ampv2 = ampv_front[m][abb2+90]:

ampv = ampv1 + (ampv2-ampv1)*(abb-abbl):
aux = gvmax[m]*diag_amph[m][az]*ampv;

}

return(aux):

}

2}. FASE_RAD 3+
94442 AN,

double FASE RAD(fi,teta,m)

double fi .teta: /* polar co-ordinates (azimuth, elevation) of the observation
direction, expressed in radians */
intn: /* radiating source indicator */
double £2.12:

int m.az.abbl.abb2:

double aux.auxl.aux2.aux3.aux4:
double abb:

double fasevl.fasev2. fasev:

m = tipo[n]:

/* caleulation of the direction (F2, T2) where to read the n-th source pattern in order to

consider its boresight fi_o[n], teta_o[n] and its rotation around this direction of
ribfn] degree */

RUOTA RIB(n.fi.teta.&f2.&t2):;

az = (180./PI)*f2:

abb = (180./PI)*t2:

abbl = abb:
if (abbl < 0)
abbl —1:

abb2 = abbl + 1:
if (azl < 0)
azl +=360:
if ((abb1==-90)||(abb1==90))
azl =0:
aux1 = diag_faseh[m][0]:
aux2 = diag_faseh[m][180]:
aux3 = fasev_front[m][90]:
aux4 = fasev back[m][90]:
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/* phase pattern of the n-th source in the direction (¢, 6) */
if ((azl = 90) && (azl <270))
{
/* interpolation of the value of the phase vertical pattern back */
fasevl = fasev_back[m][abb1+90];
fasev2 = fasev_back[m][abb2+90];
fasev = fasevl + (fasev2-fasevl)*(abb-abbl);
aux = (diag_faseh[m][az]-aux2) * cos(t2) + (fasev - aux4) + aux2 - auxl ;
}
else
{
/* interpolation of the value of the phase vertical pattern front */
fasevl = fasev_front[m][abb1+90]:
fasev2 = fasev_front[m][abb2+90]:
fasev = fasevl + (fasev2-fasevl)*(abb-abbl);
aux = (diag_faseh[m][az]-aux2) * cos(t2) + (fasev - aux4) + aux2 - auxl ;
}
aux *= (PI/180.):
refurn(aux):

}

RUOTA_RIB (n.fi,teta,fout,tout)

double fi .teta: /* polar co-ordinates (azimuth, elevation) of the observation
direction, expressed in radians */
mt n; /* radiating source indicator */
double *fout. *tout: /* polar co-ordinates (azimuth, elevation) of the direction

where to read the n-th source pattern in order to consider its
boresight and its rotation */
{
float aux:
double trib.fin.tin.arg:
double faux.taux.tgnum.tgden;
int azl.abbl:
/* boresight dirvection (fi_o[n],teta_o[n]) of the n-th radiating source */
tgnum= cos(teta)*sin(fi-fi_o[n]):
tgden= ( cos(teta)*cos(teta_o[n])*cos(fi-fi_o[n]) + sin(teta)*sin(teta_o[n]) ):
fin = atan2(tgnum,tgden);
tin = asin( -cos(teta)*sin(teta_o[n])*cos(fi-fi_o[n]) + sin(teta)*cos(teta_o[n]) ):
/% vib[n] degrees continuous rotation of the n-th source */
if (rib[n] != 0)
{
trib = (double) (PI/180.)*rib[n];
faux = atan2( cos(trib)*cos(tin)*sin(fin) - sin(trib)*sin(tin) . cos(tin)*cos(fin) );
arg = sin(trib)*cos(tin)*sin(fin) + cos(trib)*sin(tin);
if (arg >=1)

arg = 1.0;
if (arg <=-1)
arg =—1.0;

taux = asin(arg ):
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else

{

faux = fin;
taux = tin;
}
if (faux=0)

faux +=0.01:
else
faux = 0.01;

if (taux=>0)

taux +=0.01;

else

taux — 0.01;
(*fout) = faux:

(*tout) = taux:

}

u}. FASE_POS ¥4
AGAE AL

double FASE POS (fi,teta,n)

double fi .teta:

it n;

i
double aux:
double deltas;

/* polar co-ordinates (azimuth, elevation) of the observation
divection, expressed in radians */

/* radiating source indicator */

deltas = cos(teta)*sin(fi)*posx[n] + cos(teta)*cos(fi)*posy[n] - sin(teta)*posz[n]
aux = (2*PI/lambda_lav) * deltas;

return(aux);
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