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Apéndice |

Cddigo fonte em Matlab r11 para simulacdo de modelos, analise de curvas

de ajuste, calculo de estatisticas e comparativos entre modelos.

% PROGRAMA DE ANALISE QUANTITATIVAE GRAFICA PARA MEDICOES DE RADIO
% DESENVOLVIDO NO CETUP-PUC-RIO POR JEAN CARNEIRO
% EM PRIMEIRO LUGAR VAMOS SERA EXIBIDO UM MENU COM OPCC)ES DE ANALISE
%
% ABAIXO INICIALIZAMOS VARIAS VARIAVEIS LOCAIS E GLOBAIS, POIS COMO A
% SIMU LA(;AO PODE ASSUMIR VALORES DIFERENTES A CADA VEZ Q E EXECUTADA, ISSO
% PODE INDUZIR ERROS POR RETENQAO DE VALORES DAS EXECU(;()ES PASSADAS!
MED=0;
EM=0;
ERRO=0;
OP=0; % variaavel das opcoes
LOCK-=true; % trava booleana para valida¢ao
FREQ=0; % frequencia
distinic=0; % distancia inicial
distfin=0; % distancia final
n=0; %
eixox=0;
eixoy=0;
eixoy2=0;
cb=0;
Gt=1;
Gr=1,;
Area=0;
Ht=0;
Hr=0;
Cid=0;
Ah=0;
A0=0;
A1=0;
ce=0;
cf=0;
% ABAIXO INSIRA A MATRIZ DE MEDICOES, NESTA VERSAO, E UMA MATRIZ DO TIPO
% (Di,Ni), ONDE N E O VALOR DA PERDA DE PROPAGAGCAO E D A DISTANCIA ENTRE AS ANTENAS
% em dB e quilometros, respectivamente
%
%teste MED=[1.5 144.17;6 134.39;12 120.68;1.5 146.59;6 135.16;12 122.46;1.5 148.36;6 137.62;12 127.61];
t=size(MED);
clc
while LOCK==true
OP=input(" (1) Perda em espaco livre (2) Okumura-Hata (3) Plota medi¢cdes e curva de ajuste (4) outros
2 .

if OP==1
FREQ=input(' Qual a frequéncia em MHz ? ');
LOCK-=false;

end

if OP==2
Area=input(' (1) Area Urbana (2) Area Suburbana (3) Area Rural ? ;
FREQ=input(' Qual a frequéncia em MHz (150-1500) ? ");
Ht=input(' Qual a altura da antena de transmissdo em metros(30-200) ? *);
Hr=input(' Qual a altura da antena de recep¢c&o em metros (1-10) ? *);
LOCK-=false;

end

if OP==3
LOCK-=false;

end

if OP==4
FREQ=input(' Qual a frequéncia em MHz(230 MHz- 96 GHz) ? );
LOCK-=false;

end
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end
%
LOCK-=true;
while LOCK==true
distinic=input(" Qual a distancia inicial (km),(Okumura-Hata,>1000)(weissberger>14<400 m) ?');
distfin=input(" Qual a distancia final (km),(Okumura-Hata até 20Km)(Weissberger<400 m ?');
%Gt=input(' Qual o ganho da antena de transmissé&o na dire¢cao desejada (DBi) ?');
%Gr=input('" Qual o ganho da antena de transmissao na dire¢éo desejada (DBi) ?");
if distinic>=0
LOCK=false;
else
disp(' Apenas distancias positivas!’)
end
if distfin>distinic && distfin>0
LOCK=false;
else
disp(' Valores inapropriados, a distancia final deve ser maior que a inicial!")
end
end
switch OP % tipo de modelo de propagagé&o
case 1 % livre
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;
eixoy(k)=32.44+(20*1og10(k/1000))+(20*log10(FREQ));
end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota as estatisticas
axis([distinic distfin 0 200])
xlabel (‘'Distéancia em metros')
ylabel (‘Perda em dB")
grid
case 2 % okumura hata
switch Area % morfologia da area de propagagéo
case 1 % Urbana
Cid=input(' (1) Cidades grandes (2) Cidades Médias e Pequenas ? ');
switch Cid % tipo de espaco de propagagao
case 1 % cidades grandes
if FREQ<=200
Ah=8.29*((log10(1.54*Hr))"2)-1.1;
end
if FREQ>=400
Ah=3.2*((log10(11.75%Hr))"2)-4.97;
end
case 2 % cidades pequenas
Ah=(1.1*log10(FREQ)-0.7)*Hr-(1.56*log10(FREQ)-0.8);
end
% n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;
eixoy(k)=69.55+26.16*log10(FREQ)-13.83*l0g10(Ht)-Ah+(44.9-6.55*log10(Ht))*log10(Kk);
end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota os modelo
axis([distinic distfin 60 200])
xlabel ('Distancia em Quildbmetros')
ylabel (‘Perda em dB')
grid
case 2 % suburbana
Ah=(1.1*log10(FREQ)-0.7)*Hr-(1.56*log10(FREQ)-0.8);
for k=distinic :1:distfin
eixox(k)=k;
eixoy(k)=(69.55+26.16*log10(FREQ)-13.83*l0g10(Ht)-Ah+(44.9-6.55*log10(Ht))*log10(k))-
2*(log10(FREQ/28))"2-5.4;
end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota os modelo
axis([distinic distfin 60 200])
xlabel (‘Distancia em quilébmetros’)
ylabel (‘'Perda em dB')
grid
case 3 % rural
Ah=(1.1*log10(FREQ)-0.7)*Hr-(1.56*log10(FREQ)-0.8);
for k=distinic :1:distfin
eixox(k)=k;
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eixoy(K)=(69.55+26.16*0g10(FREQ)-13.83*l0g10(Ht)-Ah+(44.9-6.55*l0g10(Ht))*log 10(K))-
4.78*(log10(FREQ))*2+18.33*l0g10(FREQ)-40.98;

end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota os modelo
axis([distinic distfin 60 200])
xlabel (‘Distancia em quilémetros')
ylabel (‘'Perda em dB')
grid
end
case 3 % medicoes
ca=t(1,1);
kk=sum(MED);
%cb=kk(1,1); sem log
for er=1:1(1,1)
cb=cb+log10(MED(er,1));
end
cc=kk(1,2);
cd=cb;
for k=1 :t(1,1)
ce=ce+(log10(MED(k,1))"2);
cf=cf+(log10(MED(k,1))*MED(k,2));
end
Al=((cf*ca)-(cd*cc))/((ce*ca)-(cd*ch));
AO=(cc-(cb*Al))/ca;
%eixox=[distinic distfin];
for ty=1: t(1,1)
eixox(ty)=MED(ty,1);
%eixoy=[(A0+(Al*distinic)) (A0+(A1*distfin))];
eixoy(ty)=A0+(A1*log10(eixox(ty)));
end
% CALCULA ESTATISTICAS
for s=1:1:t(1,1)
ERRO(s)=abs((A0+(A1*log10(MED(s,1)))-MED(s,2)));
end
EM=mean(ERRO);
DESVIO=std(ERRO);
figure(1)
semilogx(MED(:,1),MED(:,2),'ro','linewidth’,1) % plota as medi¢des
hold all;
semilogx(eixox,eixoy,'b--",'linewidth’,1) % plota a regresséao linear
axis([distinic distfin 0 200])
xlabel ('Distancia em Quilémetros’)
ylabel (‘Perda em dB')
grid
disp(ATENUACAO INICIAL =)
A0
disp('SLOPE ="
Al
disp(ERRO ABSOLUTO MEDIO =)
EM
disp(DESVIO PADRAO ABS. ="
DESVIO
case 4 % modelos vegetados e de 2 raios
QT=input(' (1) Weissberger (2) Cost 235 (3)Chen e Kuo (4) Modelo de 2 raios ? );
switch QT
case 1 % Weissberger, perda em excesso
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;

eixoy(k)=1.33*(FREQ/1000)"(0.284)*k(0.588)+32.44+20*0g10(k)+(20*log 10(FREQ));

end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota as estatisticas
axis([distinic distfin 0 200])
xlabel ('Distancia em quilémetros’)
ylabel (‘'Perda em dB')
grid
case 2 % Cost 235
FL=input(' (1) Com folhas (2) Sem folhas ? );
switch FL
case 1 % com folhas
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;

eixoy(k)=15.6*(FREQ)"(-0.009)*k(0.26)+32.44+20*0g10(K)+(20*l0g10(FREQ));

240
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end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth’',1) % plota as estatisticas
axis([distinic distfin 0 200])
xlabel ('Distancia em quildmetros’)
ylabel ('Perda em dB')
grid
case 2 % sem folhas
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;
eixoy(k)=26.6*(FREQ)"(-0.2)*k"(0.5)+32.44+20*log10(k)+(20*log10(FREQ));
end
figure(1)
plot(eixox,eixoy,'r','LineWidth',1) % plota as estatisticas
axis([distinic distfin 1 200])
xlabel ('Distancia em quildmetros’)
ylabel (‘'Perda em dB')
grid
end
case 3 % chen o Kuo
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;
eix-
oy(k)=(0.0002*(FREQ/1000)+0.2)*k+(0.03*FREQ/1000)+2+32.44+20*l0g10(k)+(20*log10(FREQ));
end
figure(3)
semilogx(eixox,eixoy,'r','LineWidth’,1) % plota as estatisticas
axis([distinic distfin 0 200])
xlabel (‘Distancia em quilémetros’)
ylabel (‘Perda em dB")
grid
case 4 % 2 raios
ht=input(' Qual a altura da antena de transmissdo (m) ? °);
hr=input(' Qual a altura da antena de recepgédo (m) ? );
n=distfin-distinic;
for k=distinic :1:distfin
eixox(k)=k;
eixoy(k)=40*log10(k*1000)-20*log10(ht)-20*log10(hr);
end
figure(1)
semilogx(eixox,eixoy,'r','LineWidth',1) % plota as estatisticas
axis([distinic distfin 0 200])
xlabel (‘'Distancia em quilémetros’)
ylabel (‘Perda em dB')
grid
end
end
% BLOCO DE COMPARACOES DE MODE-
LOS%% %% %% % %% % %% % %% %% % %% % %% % %% %% % %% % %% % %% %% % %
eixox=0;
eixoy=0;
ht=0;
hr=0;
distinic=50;
distfin=1000;
FREQ=800;
ht=1.5;
hr=1.5;
% W eissberger, perda em excesso
n=distfin-distinic;
for k=14:1:400
eixox(k)=k;
eixoy(k)=1.33*(FREQ/1000)"(0.284)*k"(0.588)+32.44+20*l0g10(k/1000)+(20*log 10(FREQ));
end
figure(1)
semilogx(eixox,eixoy,'b','LineWidth',1) % plota as estatisticas
axis([distinic 1300 50 200])
xlabel ('Distancia em metros')
ylabel ('Perda em dB’)
grid
% Cost 235
% com folhas
n=distfin-distinic;
for k=distinic :1:distfin
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eixox(k)=k;
eixoy(k)=15.6*(FREQ)"\(-0.009)*k"(0.26)+32.44+20*l0og10(k/1000)+(20*log10(FREQ));
end

hold all

semilogx(eixox,eixoy,'r','LineWidth',1) % plota as estatisticas

axis([distinic 1300 50 200])

xlabel ('Distéancia em metros')

ylabel (‘Perda em dB")

grid

% chen o Kuo

n=distfin-distinic;

for k=distinic :1:distfin

eixox(k)=k;
eixoy(k)=(0.0002*(1)+0.2)*k+(0.03*1)+2+32.44+20*log10(k/1000)+(20*log10(FREQ));
end

hold all

semilogx(eixox,eixoy,'g’,'LineWidth',1) % plota as estatisticas

axis([distinic 1300 50 200])

xlabel ('Distéancia em metros')

ylabel (‘Perda em dB")

grid

% MODELO PROPOSTO |

FREQ=800;% COLOCAR A A FREQUENCIA Q SE DESEJA SIMULAR
ht=1.5;% ALTURA DE TRANSMISSAO

n=distfin-distinic;

for k=distinic :1:distfin

eixox(k)=k;
eixoy(k)=121.795-(0.0062*FREQ)-(0.535*ht)+(39.945-(0.0124*FREQ)+0.0071*ht)*log10(k/1000);
end

hold all

semilogx(eixox,eixoy,'k','LineWidth’,1) % plota as estatisticas

axis([distinic 1300 50 200])

xlabel ('Distéancia em metros'’)

ylabel (‘Perda em dB")

grid

% MODELO PROPOSTO I

ht=6;

n=distfin-distinic;

for k=distinic :1:distfin

eixox(K)=k;
eixoy(k)=121.795-(0.0062*FREQ)-(0.535*ht)+(39.945-(0.0124*FREQ)+0.0071*ht)*log10(k/1000);
end

hold all

semilogx(eixox,eixoy,'k--','LineWidth’,1) % plota as estatisticas
axis([distinic 1300 50 200])

xlabel ('Distancia em metros')

ylabel (‘Perda em dB')

grid

% MODELO PROPOSTO I

ht=12;

n=distfin-distinic;

for k=distinic :1:distfin

eixox(K)=k;
eixoy(k)=121.795-(0.0062*FREQ)-(0.535*ht)+(39.945-(0.0124*FREQ)+0.0071*ht)*log10(k/1000);
end

hold all

semilogx(eixox,eixoy,'k-.",'LineWidth',1) % plota as estatisticas
axis([distinic 1300 50 200])

xlabel ('Distancia em metros')

ylabel (‘Perda em dB")

grid

% LEGENDAS DE GRAFICO

% SUBSTITUIR AS STRINGS PELO RESPECTIVO MODELO EM FREQ. E ALTURA
legend('W eissberger(800MHz)','COST 235(800MHz)','Chen e Ku-
0(1Ghz)','Linha(800MHz/1,5m)','Linha(800MHz/6m)’,'Linha(800MHz/12m)');
set(legend,'Location’,'NorthW est)

grid
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Apéndice Il

Programa escrito em Matlab r11 para testar a funcionalidade do método
de interpolagéo.

% PROGRAMA ELABORADO PARA TESTE DE HIPOTESES DO MODELO DE INTERPO-
LACAO

% INICIALMENTE SERA PERGUNTADO SOBRE OS ARGUMENTOS DAS RETAS 1 E 2
% DEPOIS TRACADAS AS RETAS E TRACADAS AS RETAS INTERPOLADAS PARA
% DIFERENTES VALORES DO INTERPOLADOR

clc

eixox=0;

eixoyl=0;

eixoy2=0;

eixoy3=0;

eixoy4=0;

eixoy5=0;

eixoy6=0;

eixoy7=0;

Ll=input (' Qual o coef. da perda inicial da curval 2?2 ');
Sl=input (' Qual o coef. do slope da curval 2 '");
L2=input (' Qual o coef. da perda inicial da curvaz2 ? ');
S2=input (' Qual o coef. do slope da curva2 ? ');
for d=1 :1: 400
eixox (d)=
eixoyl (d) L1+Sl*log10(d)
eixoy2 (d)=L2+S2*10gl0 (d) ;
eixoy3(d)=eixoyl (d)+ ((L2-L1)+(S2-S1)*1ogl0(d))*0.17;
eixoy4 (d)=eixoyl (d)+ ((L2-L1)+(S2-S1)*1logl0(d)) *0.34;
eixoy5 (d)=eixoyl (d)+ ((L2-L1)+(S2-S1)*1logl0(d))*0.51;
eixoy6 (d)=eixoyl (d)+ ((L2-L1)+(S2-S1)*1logl0(d))*0.68;
eixoy7(d)=eixoyl (d)+ ((L2-L1)+(S2-S1)*1logl0(d))*0.85;
end
figure (1)
hold all;

plot (eixox,eixoyl, 'r', 'LineWidth', 1)
plot (eixox,eixoy2, 'b', 'LineWidth', 1)
plot (eixox,eixoy3, 'k—--"', 'LineWidth', 1)
plot (eixox,eixoy4, 'k—--"', 'LineWidth', 1)
plot (eixox,eixoy5, 'k—--"', 'LineWidth', 1)
plot (eixox,eixoy6, 'k—-"', 'LineWidth', 1)
plot (eixox,eixoy7, 'k—--"', 'LineWidth', 1)
axis ([1 550 0 1001])

xlabel ('Distédncia em metros')

ylabel ('Perda em dB')

text (410,eixoyl (400), "Curval');

text (410, eixoy2 (400), "Curvaz2');

text (410,eixoy3(400), "Pond.= .17");
text (410,eixoy4 (400), "Pond.= .34");
text (410,eixoy5(400), "Pond.= .51");
text (410,eixoy6 (400), "Pond.= .68");
text (410, eixoy7(400), "Pond.= .85");
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Apéndice lll

Base de dados dos valores medidos e distancias em todas as morfologias e
alturas de transmisséo, escrita em Matlab r11. No formato: MED=[d1 mz;d2
mz;....;dn mn], onde di e mi, representam as disténcias entre as antenas (km) e a
perda de poténcia no percurso (dBm), respectivamente.

$ mata em americano 1,5m at 700 MED=[0.0614 89.1;0.0972
108.8;0.1375 98.8;0.1944 107.4;0.2237 115.4;0.2886 118.1;0.3028
103.7;0.3598 116.3;0.4282 118.2;0.457 119.9;0.4967 126.4;0.534
130.3;0.6057 134.2;0.6338 142.8;0.6804 137.9;0.7308 132.2;0.7879
152.2;0.8533 135.4;0.9248 147.7;0.9933 153.6];

% mata em americano 1,5m at 750 MED=[0.0614 89.2;0.0972
87.8;0.1375 112.3;0.1944 118.6;0.2237 113.7;0.2886 119.4;0.3028
109.3;0.3598 119.3;0.4282 131.7;0.457 130.8;0.4967 123.3;0.534
131.6;0.6057 135.6;0.6338 133.8;0.6804 140.7;0.7308 155.3;0.7879
138.7;0.8533 131.9;0.9248 152.9;0.9933 148];

$ mata em americano 1,5m at 800 MED=[0.0614 100.9;0.0972
84.6;0.1375 112.2;0.1944 96.8;0.2237 114.6;0.2886 133;0.3028
106.8;0.3598 123.9;0.4282 126;0.457 136.6;0.4967 130.8;0.534
136.2;0.6057 140.7;0.6338 148;0.6804 138.5;0.7308 146.6;0.7879
138.5;0.8533 151.8;0.9248 139.2;0.9933 147.9];

$ mata em americano 6m at 700 MED=[0.0614 71;0.0972 86.2;0.1375
99.1;0.1944 88.8;0.2237 115.7;0.2886 122.1;0.3028 104.7;0.3598
111.5;0.4282 120.7;0.457 112.5;0.4967 103.4;0.534 125.3;0.6057
133;0.6338 128.2;0.6804 119.9;0.7308 131.3;0.7879 130.5;0.8533
142;0.9248 125.1;0.9933 127.6];

% mata em americano om at 750 MED=[0.0614 76.4;0.0972 91.9;0.1375
95;0.1944 106;0.2237 92.4;0.2886 108.5;0.3028 117.4;0.3598
112.6;0.4282 120.3;0.457 136.7;0.4967 116.2;0.534 103.8;0.6057
117.6;0.6338 138;0.6804 130.3;0.7308 139.6;0.7879 132.8;0.8533
125.4;0.9248 129.2;0.9933 133];

% mata em americano om at 800 MED=[0.0614 80.1;0.0972 88.1;0.1375
101.2;0.1944 108.8;0.2237 116.7;0.2886 106.7;0.3028 110.3;0.3598
114.4;0.4282 109.3;0.457 126.5;0.4967 116.2;0.534 128.1;0.6057
133.4;0.6338 121.3;0.6804 130;0.7308 119.8;0.7879 146.4;0.8533

126;0.9248 138;0.9933 148.2];

% mata em americano 12m at 700 MED=[0.0614 62.5;0.0972 71.7;0.1375
77.9;0.1944 92.7;0.2237 84.3;0.2886 95.1;0.3028 106.8;0.3598
97;0.4282 103.8;0.457 122.4;0.4967 105.2;0.534 115.9;0.6057
106.3;0.6338 111.4;0.6804 98.2;0.7308 116.4;0.7879 118;0.8533
112.9;0.9248 120.1;0.9933 117.6];

% mata em americano 12m at 750 MED=[0.0614 75.3;0.0972 71;0.1375
85.3;0.1944 84.2;0.2237 96;0.2886 94.6;0.3028 87.4;0.3598
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122.3;0.4282 108.4;0.457 97.3;0.4967 114;0.534 96.
121.8;0.6338 106;0.6804 98.7;0.7308 104;0.7879 120.

137;0.9248 138.3;0.9933 117.8];

% mata em americano 12m at 800 MED=[0.0614 59.3;0.0972 78.
74.3;0.1944 90.7;0.2237 105;0.2886 111.6;0.3028 109.
102.7;0.4282 111;0.457 127.5;0.4967 132;0.534 105.
101.1;0.6338 126.2;0.06804 117.3;0.7308 111.8;0.7879 134.

111.5;0.9248 116.8;0.9933 124.3];

% bosque em belém 1,5m at 700 MED=[0.0436 74.2;0.069 97.
80.1;0.1307 95.8;0.1542 90.1;0.1974 118;0.2225 103.
109.9;0.2653 98.7;0.3178 118.1;0.3337 106;0.3599 114.
108.4;0.4023 123.8;0.4288 122.9;0.445 126.9;0.471 118.

120.2;0.5398 117.6;0.589 122.2];

% bosque em belém 1,5m at 750 MED=[0.0436 83.8;0.069 94.
86;0.1307 94.1;0.1542 99.5;0.1974 104.7;0.2225 94 .
110.9;0.2653 124.6;0.3178 106.4;0.3337 123;0.3599 118.
119.4;0.4023 108.6;0.4288 114;0.445 124.6;0.471 118.

127.4;0.5398 121.3;0.589 135.31;

% bosque em belém 1,5m at 800 MED=[0.0436 87;0.069 81

130.8;0.5398 128.1;0.589 135];

% bosque em belém o6m at 700 MED=[0.0436 66;0.069 82.6;0.
78.1;0.1307 107.8;0.1542 87.8;0.1974 115;0.2225 96.4;0.
108;0.2653 101.7;0.3178 113.8;0.3337 99.3;0.3599 106.5;0.
114.8;0.4023 117.6;0.4288 110.4;0.445 113.9;0.471 118.7;0.

114.9;0.5398 111.4;0.589 109.71;

% bosque em belém 6m at 750 MED=[0.0436 68.9;0.069 74.7;0.
97;0.
99.6;0.2653 102.1;0.3178 113.5;0.3337 105;0.3599 109.8;0.
115.4;0.4023 121.3;0.4288 116.1;0.445 105.3;0.471 117.9;0.

84.2;0.1307 97.1;0.1542 97;0.1974 105.4;0.2225

105.6;0.5398 125;0.589 106];

% bosque em belém om at 800 MED=[0.0436 59.2;0.069 92.5;0.
80.9;0.1307 104.5;0.1542 102.3;0.1974 88.3;0.2225 114;0.
106.9;0.2653 94.5;0.3178 122.5;0.3337 116.1;0.3599 122.2;0.
111.9;0.4023 103.7;0.4288 128.9;0.445 102.3;0.471 120;0.

114.6;0.5398 99.7;0.589 129.2];

% bosque em belém 12m at 700 MED=[0.0436 62.4;0.069 81.
73.9;0.1307 83.5;0.1542 81.8;0.1974 98.7;0.2225 105.
95.1;0.2653 86.9;0.3178 93;0.3337 89.2;0.3599 102.
116.8;0.4023 92.9;0.4288 99.2;0.445 94.4;0.471 110.

97.2;0.5398 125.8;0.589 113.31;

% bosque em belém 12m at 750 MED=[0.0436 72.5;0.069 63.
97.6;0.1307 90;0.1542 89.7;0.1974 93.9;0.2225 97.
80.5;0.2653 98.9;0.3178 96.3;0.3337 107.2;0.3599  97.
106;0.4023 96.1;0.4288 96.7;0.445 101.3;0.471 108.

116;0.5398 112.6;0.589 121.8];
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.4;0.
96.1;0.1307 102;0.1542 105.6;0.1974 111.6;0.2225 112.5;0.
94.8;0.2653 108.9;0.3178 129.8;0.3337 121.7;0.3599 112.9;0.
131.2;0.4023 108.3;0.4288 116.3;0.445 131.7;0.471 115;0.
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% bosque em belém 12m at 800 MED=[0.0436 77.6;0.069 65.7;0
78.9;0.1307 78.3;0.1542 104.1;0.1974 87.7;0.2225 90.8;0
93;0.2653 115.5;0.3178 111.6;0.3337 92.2;0.3599 107.9;0
95.7;0.4023 108.2;0.4288 119;0.445 106.6;0.471 114.9;0
100.7;0.5398 105.6;0.589 122.2];

% linha em americano 1,5m at 700 mhz MED=[0.0307 75.9;0.

76.9;0.0516 68.3;0.069 84.2;0.0812 73.2;0.0977 87.2;0.
85;0.118 89.5;0.1274 101.3;0.1395 105.2;0.1576 90.5;0.
99;0.

99.3;0.1772 92.2;0.188 87.5;0.1983 102;0.2075
90.5;0.2274 101.3;0.2492 102.6;0.259 89.1];

% linha em americano 1,5m at 750 mhz MED=[0.0307 74.3;0
78.1;0.0516 90.4;0.069 83.7;0.0812 80.7;0.0977 80.1;0
79.2;0.118 101.6;0.1274 90.2;0.1395 100.3;0.1576 102.8;0
94;0.1772 103.2;0.188 87.8;0.1983 101.9;0.2075 88.7;0
105.1;0.2274 103.6;0.2492 105.5;0.259 107.2];

% linha em americano 1,5m at 800 mhz MED=[0.0307 76.7;0
69.4;0.0516 79.8;0.069 91.6;0.0812 81.5;0.0977 100.8;0
86.9;0.118 92.9;0.1274 104.7;0.1395 98.5;0.1576 97.7;0
94.5;0.1772 101.3;0.188 109.2;0.1983 99.9;0.2075 94.1;0
99.5;0.2274 102.2;0.2492 104.5;0.259 106.47;

% linha em americano om at 700 mhz MED=[0.0307 70.6;0
66.6;0.0516 76.7;0.069 69;0.0812 73.3;0.0977 76.4;0
74.9;0.118 100.5;0.1274 87.2;0.1395 86.1;0.1576 82.3;0
76.3;0.1772 73;0.188 97.4;0.1983 95.3;0.2075 100.4;0
81.9;0.2274 107.2;0.2492 87.9;0.259 76.71;

$ linha em americano om at 750 mhz MED=[0.0307 75.8;0
78.8;0.0516 71.8;0.069 62.6;0.0812 80.9;0.0977 70.5;0
91.8;0.118 81.3;0.1274 86.1;0.1395 85.4;0.1576 100.9;0
92.8;0.1772 82.4;0.188 80.9;0.1983 108.2;0.2075 92.1;0
88.4;0.2274 82.7;0.2492 100;0.259 98.4];
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linha em americano 6m at 800 mhz MED=[0.0307 72.4;0.0436

77.9;0.0516 64;0.069 78.2;0.0812 93.4;0.0977 79;0.1091 77.8;0.118
70.2;0.1274 101.4;0.1395 95.3;0.1576 82.6;0.1694 107.4;0.1772
106.9;0.188 96.7;0.1983 90.8;0.2075 94.2;0.2186 76.6;0.2274

101.9;0.2492 97.4;0.259 87.7]1;

% linha em americano 12m at 700 mhz MED=[0.0307 68.7;0
62.3;0.0516 58.9;0.069 76.5;0.0812 73.4;0.0977 82.6;0
78;0.118 83.9;0.1274 89.8;0.1395 67.7;0.1576 75;0.1694 68.6;0
69.4;0.188 89.5;0.1983 78.8;0.2075 88;0.2186 74;0.2274 79.5;0
88.7;0.259 9071;

% linha em americano 12m at 750 mhz MED=[0.0307 70.4;0
62.3;0.0516 62.1;0.069 80.1;0.0812 79.2;0.0977 61.8;0
82.7;0.118 75.4;0.1274 79.2;0.1395 85.3;0.1576 81.6;0
87.5;0.1772 89.2;0.188 79.9;0.1983 87.6;0.2075 80.2;0
84.6;0.2274 89;0.2492 72.6;0.259 89.1];

% linha em americano 12m at 800 mhz MED=[0.0307 58.4;0.
87.4;0.0516 61;0.069 86.8;0.0812 72.4;0.0977 60.4;0.
61.2;0.118 77.1;0.1274 85.9;0.1395 68;0.1576 85.2;0.1694 71;0.
92.6;0.188 93.3;0.1983 78.7;0.2075 89;0.2186 101.2;0.
69.5;0.2492 77.8;0.259 107.47;
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% linha em dinmetro 1,5m at 700 mhz MED=[0.0464 77;0.
90.8;0.1102 96.3;0.1458 86.5;0.1768 93.9;0.2069 98.7;0.
104.4;0.2774 101.7;0.3141 110.3;0.3497 114.8;0.3819 119.1;0.

108.7;0.4475 103;0.478 105.3;0.5085 107.3;0.5345 112];

% linha em inmetro 1,5m at 750 mhz MED=[0.0464 75.
90;0.1102 85.9;0.1458 85.8;0.1768 87.6;0.2069 93.
93.8;0.2774 99.3;0.3141 103.1;0.3497 113.9;0.3819 102.

98.9;0.4475 102.3;0.478 103;0.5085 110;0.5345 121.2];

% linha em inmetro 1,5m at 800 mhz MED=[0.0464 79.
76;0.1102 91.5;0.1458 99.3;0.1768 81.8;0.2069 106.
96.8;0.2774 93.4;0.3141 87.6;0.3497 105.9;0.3819 102.

111.4;0.4475 114.8;0.478 105.2;0.5085 100.7;0.5345 121.8];

% linha em inmetro o6m at 700 mhz MED=[0.0464 76.7;0.
82.4;0.1102 89.2;0.1458 82.2;0.1768 84.5;0.2069 90.2;0.
94.23;0.2774 103.4;0.3141 105.1;0.3497 105.8;0.3819 108.4;0.

103.3;0.4475 94.6;0.478 118.3;0.5085 100.6;0.5345 95.2];

$ linha em inmetro 6m at 750 mhz MED=[0.0464 74.9;0.
86.9;0.1102 85.2;0.1458 77.4;0.1768 81.5;0.2069 93.9;0.
90.8;0.2774 89.5;0.3141 97.5;0.3497 107.3;0.3819 104;0.

109.3;0.4475 103.9;0.478 98.8;0.5085 103.7;0.5345 110.6];

% linha em inmetro om at 800 mhz MED=[0.0464 78;0.0802 83.
2;0.1458 80;0.1768 81.5;0.2069 99.3;0.2435 89.
96.5;0.3141 104.3;0.3497 102.7;0.3819 104.2;0.4136 1009.
6;

0.478 94;0.5085 108;0.5345 117.31;

$ linha em inmetro 12m at 700 mhz MED=[0.0464 76.

82.5;0.1102 90.2;0.1458 80.2;0.1768 86.5;0.2069 81.
96.5;0.2774 95.8;0.3141 96.8;0.3497 108.7;0.3819 103.

95.6;0.4475 102.1;0.478 113.3;0.5085 92.7;0.5345 103.9];

% linha em inmetro 12m at 750 mhz MED=[0.0464 ©69.

79.1;0.1102 79;0.1458 84;0.1768 82.5;0.2069 87.
88.4;0.2774 98;0.3141 93.6;0.3497 105.3;0.3819 102.

98.5;0.4475 93.6;0.478 94.8;0.5085 89.2;0.5345 109.471;

o

linha em inmetro 12m at 800 mhz MED=[0.0464 72.

69.3;0.1102 74.8;0.1458 81.2;0.1768 80.4;0.2069 91.
84;0.2774 90.3;0.3141 99.6;0.3497 108.2;0.3819 95.

108.8;0.4475 92;0.478 84.2;0.5085 102.6;0.5345 96.11;
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