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.Orientac&o normalizada.
Distribuicao de tamanho homogénea.
.Distribuicao espacial heterogénea (E.Z.)

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n, al pha, kI;

pi xel sx = 1000;

pi xel sy = 1000;

n = 850;

rl=3;

r2 =17,

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};

k[2] = {800, 200};

k[3] = {200, 800};

k[4] = {800, 800};

k[5] = {500, 500};

ct = Conpl ement [Tupl es[{Range [0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r 1, pixel sx -r1], Range[r2, pixelsy-r2]13}11;

Determinando as coordenadas de cada corpo (aqui demora).

For [

i =1, 0 <n+1, i ++,
a[i ] = RandontChoi ce[Conpl enent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;

If[

Cos [al pha]? Sin[al pha]?
Intersecti on[TabI e[ +

] (First[a[i 1] -First [k[v]])2-2 CosIal pha]

r012 r 022
1

Si n[al pha] [ - ] (First[a[i]]-First[k[v]]) = (Last [a[i ]] -Last [k[Vv]]) +
ro12 ro22

Si n[al pha]? Cos[al pha]?
+ (Last [a[i ]] - Last [k[Vv]])? <=

ro1? r02?
1, {v, 1, vt}], {True}] £(}, 0 =i -1,

maxx = First[a[i]]+2*rl+1;
mnx=First[a[i]]-2%rl1-1;

maxy = Last [a[i ]] +2*r2+1;

mny =Last[a[i]]-2*r2-1;

c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, maxy]}1;
ct = Union[ct, c[i]]

I

Beep[]
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2 | Orientacdo normalizada. Distribuicdo de tamanho homogénea. Distribui¢do espacial heterogénea (E.Z.).nb

. Gerando a imagen.

i magenl = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1, r2}], {h, 1, n}], Pl ot Range -» {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]

83
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.Distribuicao de orientacao homogénea.
Distribuicao de tamanho homogénea.
.Distribuicao espacial heterogénea (E.Z.).

Entrando os valores dos parametros.

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;

pi xel sx = 1000;

pi xel sy = 1000;

n = 10;

rl =4,

r2 =8;

rmax = Max[ri, r2];

theta = 1;

rotm= RotationMtri x[thetal;

ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;

c[0] = {};

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};
k[2] = {800, 200};
k[3] = {200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
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2 | Orientacéo definida. Distribuicdo de tamanho homogénea. Distribuicéo espacial heterogénea (E.Z.). (1.2v).nb

Determinando as coordenadas de cada corpo (aqui demora).
Tim ng[
For[

=1, 0 <n+1, i ++,
a[i 1 = RandontChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;

If[

Cos[al pha]? Sin[al pha]?
I ntersecti on[TabI e[ +

J (First[a[i]] -First[k[v]])?-2CosIal pha]

ro12 r 022
1 1

Si n[al pha] [ - ] (First[a[i]] -First[k[v]]) = (Last [a[i]] -Last [k[v]]) +
ro1z ro2?

Si n[al pha]?® Cos[al pha]? _
+ (Last [a[i ]] - Last [k[V]])? <=

ro1? r 022
1, (v, 1, vt}], {True}] 40y, 0 =i -1,

i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {rl, r2}], thetal, {j, 1, i}],
Pl ot Range - {{0, pi xel sx}, {0, pi xelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixelsy}11;

ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem] 111;

I f [ncorps =i,

maxx = First[a[i]]+rl+1;

mnx =First[a[i]]-rl-1;

maxy = Last [a[i]] +r2+1;

mny =Last[a[i]]-r2-1;

c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, naxy]}];
c[i] =Table[
Round [Pl us[Dot [rotm Plus[Part [c[i], v], -al[i11l], al[i111, {v, 1, Length[c[i]1]1}1;
ct =Union[ct, c[i]], i =i -1
1
]; Print[i]
]:
Beep[]

]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {rl, r2}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Distribuicao de orientacao homogénea.
Distribuicao de tamanho homogénea.
.Distribuicao espacial heterogénea.

Entrando os valores dos parametros.

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
pi xel sx = 1000;

pi xel sy = 1000;

n = 10;

rl =4,

r2 =8;

rmax = Max[ri, r2];

theta = 1;

rotm= RotationMtri x[thetal;

vt = 5;

k[1]
k[2]
k[3]

{200, 200};
{800, 200};
{200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
sigma = {70, 30};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First [sigm]l],
Range [0 - Last [si gma], pixel sy +Last [sigma]]}],
Tupl es[{Range[rmax + 1, pixel sx -rmax - 1], Range[rmax +1, pixel sy -rmax -11}1 1;
cl
0] =
{:

86
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2 | Orientacao definida. Distribuicao de tamanho homogénea. Distribuicéo espacial heterogénea (clusters). (1.2v).nb

Determinando as coordenadas de cada corpo (aqui demora).

Ti mi ng[
For [
=1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stribution[First [k[v]], First[sigmal]l]ll]l,
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]]11}, {v, 1, vt}];
senent esmadur as = Conpl ement [senment es, ct ];
| f [senentesmaduras == {}, i =i -1,
a[i ] = RandontChoi ce[senent esmadur as];
i mmgem= Bi nari ze[G aphi cs[Tabl e[Rot ate[Di sk[a[j 1, {r1, r2}], thetal, {j, 1, i}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}1];
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
If [ncorps =i,
maxx = First[a[i]]+rl+1,;
mnx=First[a[i]]-rl-1,
maxy = Last [a[i]] +r2+1;
mny =Last[a[i]]-r2-1;
c[i] = Tupl es[{Range[m nx, maxx], Range[mi ny, naxy]}];
c[i] =Table[

Round [Pl us [Dot [rotm Plus[Part [c[i], v], -a[i11], ali11]l, {v, 1, Length[c[i]11}];

ct =Union[ct, c[i]], i =i -1]
1; Print[i]
IN
Beep[]

]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], =)
Tabl e[Rot at e[Di sk[a[h], {r1, r2}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Distribuicao de orientacao homogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial heterogénea (E.2).

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;

pi xel sx = 1000;

pi xel sy = 1000;

n = 10;

rimax = 8;

rimn = 3;

r2max = 4,

r2mn=1.5;

rmax = Max [r2max, rlmex];

theta = 1;

rotm= RotationMtri x[theta];

ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rmax], Range[rnax, pixelsy-rmax]1}] 1;

c[0] = {};

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};
k[2] = {800, 200};
k[3] = {200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
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2 | Orientacéo definida. Distribuicdo de tamanho heterogénea. Distribui¢do espacial heterogénea (E.Z). (1.2v).nb

Determinando as coordenadas de cada corpo (aqui demora).
Tim ng[
For[

i =1, 0 <n+1, i ++,
a[i ] = RandontChoi ce[Conpl ermrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;

| f [I nt ersecti on[

Cos[al pha]? Sin[al pha]?
+

Table[[ ] (First[a[i]]-First[k[v]])? -2 CosIal pha]

ro1? r 022
1 1

Si n[al pha] [ - ] (First[a[i]]-First[k[v]]) = (Last [a[i]] -Last [k[v]]) +
ro1z ro2?

Si n[al pha]? Cos[al pha]? _
+ (Last [a[i 11 - Last [k[v]])? <=

ro1? r 022
1, (v, 1, vt}], {True}] 40,0 =i -1,

r1[i ] = RandontChoi ce[Range[r1m n, r1lmax]];
r2[i ] = RandontChoi ce[Range[r2m n, r2max]];

i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {r1[j]1, r2[j1}1, thetal, {j, 1, i}1,

Pl ot Range - {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem]111;
| f [ncorps =i,
maxx = First[af[i]]+rl[i] +1;
mnx =First[a[i]]-rl[i]-1;
maxy = Last [al[i]]+r2[i ] +1;
mny =Last[ali]]-r2[i]-1,
c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, nmaxy]}];

c[i] =Table[
Round [Pl us[Dot [rotm Plus[Part [c[i], v], -al[i1l], ali111, {v, 1, Length[c[i11}1;
ct =Unionfct, c[i]], i =i -1]
]; Printi]
Beep[]

]

. Gerando a imagen.

i mgeml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]

89
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.Distribuicao de orientacao homogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
pi xel sx = 1000;

pi xel sy = 1000;

n = 15;

rimax = 8;

rimn = 3;

r2max = 4,

r2mn=1.5;

theta = 1;

rotm= RotationMtri x[theta];

vt = 5;

k[1]
k[2]
k[3]

{200, 2003;
{800, 2003};
{200, 8003};
k[4] = {800, 800};
k[5] = {500, 500};
rmax = Max [r lmax, r2mex];
sigma = {70, 30};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First[sigml],
Range [0 - Last [si gna], pixel sy +Last [sigma]]}],
Tupl es[{Range[rmax + 1, pi xel sx -rmax - 1], Range[rmax +1, pixel sy -rmax -1]1}1 1;
cl
0] =
{:
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2 | Orientacéo definida. Distribuicdo de tamanho heterogénea. Distribui¢do espacial heterogénea (clusters)(1.2v).nb 91

Determinando as coordenadas de cada corpo (aqui demora).

Ti mi ng[
For [
=1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stri bution[First [k[v]], First[sigmal]l]ll]l,
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]]11}, {v, 1, vt}];
senent esmadur as = Conpl ement [senment es, ct ];
| f [senent esmaduras == {}, i =i -1,
a[i ] = RandontChoi ce[senent esmadur as];
ri1[i ] = RandonChoi ce[Range[r1m n, r1lmax]];
r2[i ] = RandonChoi ce[Range[r2m n, r2max]];
i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {r1[j]1, r2[j1}1, thetal, {j, 1, i}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeCd i ppi ng -» True, | mageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
I f [ncorps =i,
maxx = First[a[i]]+rl[i]+1;
mnx=First[a[i]]l-rl[i]-1,
maxy = Last [al[i]] +r2[i ] +1,;
mny =Last[al[i]]-r2[i]-1,
c[i ] = Tupl es[{Range[m nx, maxx], Range[ni ny, naxy]}];
c[i] =Table[
Round [Pl us[Dot [rotm Plus[Part [c[i], v], -a[i1l], ali111l, {v, 1, Length[c[i]11}];

ct =Union[ct, c[i]], i =i -1
1

1; Print[i]

1

Beep[]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]


DBD
PUC-Rio - Certificação Digital Nº 0721396/CA


PUC-RIo - Certificacdo Digital N° 0721396/CA

Distribuicao de orientacao heterogénea.
Distribuicdo de tamanho homogénea.
Distribuicao espacial heterogénea (E.2).

Entrando os valores dos parametros.

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
n = 10;
pi xel sx = 1000;
pi xel sy = 1000;
rl =8,
r2 =4,
rmax = Max[r2, rij;
ct = Conpl ement [Tupl es[{Range [0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;

c[0] = {};

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};
k[2] = {800, 200};
k[3] = {200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
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2 | Orientacdo random. Distribuicdo de tamanho homogénea. Distribuicéo espacial heterogénea (E.Z). (1.2v).nb

Determinando as coordenadas de cada corpo. (aqui demora)
Tim ng[
For[

i =1, 0 <n+1, i ++,
a[i ] = RandontChoi ce[Conpl ermrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;

| f [I nt ersecti on[

Cos[al pha]? Sin[al pha]?
+

Table[[ ] (First[a[i]]-First[k[v]])? -2 CosIal pha]

ro1? r 022
1 1

Si n[al pha] [ - ] (First[a[i]]-First[k[v]]) = (Last [a[i]] -Last [k[v]]) +
ro1z ro2?

Si n[al pha]? Cos[al pha]? _
+ (Last [a[i 11 - Last [k[v]])? <=

ro1? r 022
1, (v, 1, vt}], {True}] 40,0 =i -1,

thetal[i ] = Random[Real , {0, Pi }1;

rotm[i ] = RotationMatrix[thetali]];

i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {rl, r2}], theta[j1], {j, 1, i}],
Pl ot Range - {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {pi xel sx, pixelsy}11;

ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem]111;

| f [ncorps =i,

maxx = First[a[i]]+rl+1;

mnx =First[a[i]]-rl-1;

maxy = Last [a[i]] +r2+1;

mny =Last[a[i]]-r2-1;

c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, nmaxy]}];

c[i] =Table[

Round [Pl us[Dot [rotm[i ], Plus[Part [c[i], v], -a[i]]], al[i1l]l, {v, 1, Length[c[i11}];
ct =Unionfct, c[i]], i =i -1
]]; Print[i]

]

Beep|]

]

Gerando aimagen.

i mgeml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1l, r2}], theta[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}]

Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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Distribuicao de orientacao heterogénea.
Distribuicdo de tamanho homogénea.
Distribuicdo espacial homogénea.

Entrando os valores dos parametros.

Clear[a, c, ct, i, j,n cita, rotm v, h, rl, r2, rmax, rmnj;
n = 10;

pi xel sx = 1000;

pi xel sy = 1000;

rl =8,

r2 =4,

rmax = Max[r2, rij;
vt = 5;

k[1] = {200, 200};
k[2] = {800, 200};
k[3] = {200, 800};
k[4] = {800, 800};
k[5] = {500, 500};

sigma = {70, 30};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First [sigm]l],
Range [0 - Last [si gma], pixel sy +Last [sigma]]}],
Tupl es[{Range[rmax + 1, pixel sx -rmax - 1], Range[rmax +1, pixel sy -rmax -1]}1 1;
cl
0] =
{:
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2 | Orientacdo random. Distribuicdo de tamanho homogénea. Distribuicéo espacial heterogénea (clusters)..nb 95

Determinando as coordenadas de cada corpo. (aqui demora)

Ti mi ng[
For [
=1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stri bution[First [k[v]], First[sigmal]l]ll]l,
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]]11}, {v, 1, vt}];
senent esmadur as = Conpl ement [senment es, ct ];
| f [senent esnmadur as # {},
a[i ] = RandontChoi ce[senent esmadur as];
cita[i ] = Random[Real , {0, Pi}];
rotm[i ] = RotationMatrix[cital[i]];

maxx = First[a[i]]+rl+1,;
mnx=First[a[i]]-rl-1,
maxy = Last [a[i]] +r2+1;
mny =Last[a[i]]-r2-1;

c[i] = Tupl es[{Range[m nx, maxx], Range[mi ny, naxy]}];
c[i] =Table[
Round [Pl us [Dot [rotm[i ], Plus[Part [c[i], v], -a[i]]l], a[i1l]l, {v, 1, Length[c[i1]1}];
If[Intersection[c[i], ct] # {}, i =i -1, ct =Union[ct, c[i]]1], 1 =i -1
1

]
Beep|]

Gerando aimagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1, r2}], cita[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}]

Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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Distribuicao de orientacao heterogénea.
Distribuicdo de tamanho homogénea.
Distribuicdo espacial homogénea.

Entrando os valores dos parametros.

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
n = 10;

pi xel sx = 1000;

pi xel sy = 1000;

rl = 80;

r2 =40;

rmax = Max[r2, rij;
ct = Conpl ement [Tupl es[{Range [0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;
cl
0] =
{:

Determinando as coordenadas de cada corpo. (aqui demora)

Timng[
For [
=1, 0 <n+1, i ++,
a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;
theta[i ] = Random[Real , {0, Pi }1;
rotm[i ] = RotationMatrix[thetali]];
i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j ], {rl, r2}], theta[j1], {j, 1, i}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem] 111;
I f [ncorps =i,
maxx = First[a[i]]+rl+1;
mnx =First[a[i]]-rl-1;
maxy = Last [a[i]] +r2+1;
mny =Last[a[i]]-r2-1;
c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, nmaxy]}];

c[i] =Table[

Round [Pl us [Dot [rotm[i ], Plus[Part [c[i], v], -a[i]]l], al[i1l]l, {v, 1, Length[c[i1]1}];
ct =Unionfct, c[i]], i =i -1
1; Print[i]

]
Beep|]


DBD
PUC-Rio - Certificação Digital Nº 0721396/CA


PUC-RIo - Certificacdo Digital N° 0721396/CA

2 | Orientacdo random. Distribuicdo de tamanho homogénea. (1.2v).nb

Gerando aimagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1l, r2}], theta[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]

97


DBD
PUC-Rio - Certificação Digital Nº 0721396/CA


PUC-RIo - Certificacdo Digital N° 0721396/CA

.Distribuicao de orientacao heterogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial heterogénea (clusters).

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n, theta, rotm v, vt, h,
rl, r2, rmax, rmn, i magenl, senent esnaduras, senentes, v];
n = 1000;

pi xel sx = 1000;
pi xel sy = 1000;
rimax = 12,
rimn =5;
r2max = 7,
r2mn = 4;
vt = 9;
k[1] = {250, 500};
k[2] = {750, 500};
k[3] = {500, 250};
k[4] = {500, 750};
k[5] = {500, 500};
k[6] = {250, 250};
k[7]1 = {750, 750};
k[8] = {750, 250};
k[9] = {250, 750};
rmax = Max [r lmax, r2mex];
sigma = {60, 30};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First [sigml],
Range [0 - Last [si gna], pixel sy +Last [sigma]]}],
Tupl es[{Range[rmax + 1, pi xel sx -rmax - 1], Range[rmax +1, pixel sy -rmax -11}1 1;
cl
0] =
{y
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2 | Orientacao random. Distribuicao de tamanho heterogenea.Distribuicdo espacial heterogénea (clusters) (1.2v)..nb

Determinando as coordenadas de cada corpo. (aqui demora)

Ti m ng[For [
i =1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stri bution[First [k[v]], First[sigml]]l]l],
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]11}, {v, 1, vt}];
senent esmadur as = Conpl enent [senent es, ct ];
| f [sementesmaduras == {}, i =i -1,
a[i ] = RandontChoi ce[senent esmadur as];
thetali ] = Random[Real , {0, Pi }1;
rotm[i ] = RotationMatri x[thetali]];
ri1[i ] = RandontChoi ce[Range[rim n, r1lmax]];
r2[i ] = RandontChoi ce[Range[r2m n, r2max]];
i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {r1[j]1, r2[j1}1, theta[j1],
{j, 1, i}], PlotRange » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pi xel sy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i nragem]111;

I f [ncorps =i,

maxx = First[af[i]]+rl[i]+1;
mnx=First[a[i]]-rl[i]-1;
maxy = Last [al[i]] +r2[i ] +1;
mny =Last[ali]]-r2[i]-1,;

c[i ] = Tupl es[{Range[m nx, maxx], Range[ni ny, maxy]}];
cl[i] =Tablel
Round [Pl us[Dot [rotm[i ], Plus[Part [c[i], v], -a[i 111, a[i1l]l, {v, 1, Length[c[i11}];

ct =Union[ct, c[i]], i =i -1
1

1

Print[i]

1

Beep[]

. Gerando aimagen.

i mmgenl = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixel sy}},

Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

i magbi = Col or Negat e[Bi nari ze[i nageni] ]
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100

.Distribuicao de orientacao heterogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial heterogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;

n = 10;

pi xel sx = 1000;

pi xel sy = 1000;

rimax = 12,

rimn=7;

r2max = 10;

r2mn = 5;

rmax = Max [r2max, rlmex];

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};

k[2] = {800, 200};

k[3] = {200, 800};

k[4] = {800, 800};

k[5] = {500, 500};

ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r lmax, pixel sx -rlnmax], Range[r 2max, pi xel sy -r2max]}]1 1;
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2 | Orientacdo random. Distribuicdo de tamanho heterogénea. Distribui¢édo espacial heterogénea (E.Z.) (1.2v).nb 101

Determinando as coordenadas de cada corpo. (aqui
demora)

Tim ng[For [
=1, 0 <n+1, i ++,
a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct1l;

| f [I nt ersecti on[

Cos[al pha]? Sin[al pha]?
+

Table[[ ] (First[af[i]]-First[k[v]])? -2 Cos[al pha]

ro1? r 022
1 1
Si n[al pha] [ - ] (First[a[i]]-First[k[v]]) = (Last [a[i]] -Last [k[v]]) +
roiz ro2?
Sin[al pha]? Cos[al pha]?
[af phal + [af phal ] (Last [a[i 1] - Last [k[v]])? <=
ro1? r 022
1, qv, 1, vt}], (Trued] # ¢y i =i -1,

thetal[i ] = Random[Real , {0, Pi }];

rotm[i ] = RotationMatrix[thetali]];

ri1[i ] = RandonChoi ce[Range[r1m n, r1lmax]];

r2[i 1] = RandontChoi ce[Range[r2m n, r2max]];

i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j ], {r1[j1, r2[j1}1, thetalj1],

{j, 1, i}], PlotRange » {{0, pi xel sx}, {0, pixel sy}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {pi xel sx, pixelsy}11;

ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem]111;
| f [ncorps =i,

maxx = First[af[i]]+rl[i] +1;

mnx =First[a[i]]-rl[i]-1;

maxy = Last [al[i]]+r2[i]+1,;

mny =Last[al[i]]-r2[i]-1,

c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, naxy]}];
c[i] =Table[
Round [Pl us[Dot [rotm[i ], Plus[Part [c[i], v], -a[i]]], al[i1l]l, {v, 1, Length[c[i1]1}];
ct =Unionfct, c[i]], i =i -1
1
]; Printi]
]
Beep[]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},

Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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102

.Distribuicao de orientacao heterogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n, theta, rotm v, h, rl, r2, rmax, rmn, i magem ncorps];
n = 1000;
pi xel sx = 1000;
pi xel sy = 1000;
rimax = 10;
rimn=7;
r2max = 6;
r2mn = 4;
rmax = Max [r2max, rlmex];
ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;
cl
0] =
{y
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2 | Orientacao random. Distribuicao de tamanho heterogenea (1.2v)..nb

Determinando as coordenadas de cada corpo. (aqui
demora)

Ti m ng[For [
i =1, 0 <n+1, i ++,
a[i ] = RandontChoi ce[Conpl enent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;
thetali ] = Random[Real , {0, Pi }1;
rotm[i ] = RotationMatri x[thetali]];
r1[i ] = RandontChoi ce[Range[r1m n, r1lnax]];
r2[i ] = RandontChoi ce[Range[r2m n, r2nmax]];
i mgems=
Bi nari ze[Graphi cs[Tabl e[Rotate[Di sk[a[j 1, {r1[j1, r2[j1}], theta[j11, {j, 1, i}1,
Pl ot Range » {{0, pi xel sx}, {0, pi xel sy}}, Pl ot Ranged i ppi ng -» True,
| mageSi ze » {pi xel sx, pixelsy}1];
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem] 111;
If [ncorps =i,
maxx = First[af[i]]+rl[i]+1;
mnx=First[a[i]]-rl[i]-1;
maxy = Last [a[i]] +r2[i ] +1;
mny =Last[ali]]-r2[i]-1,;
c[i ] = Tupl es[{Range[m nx, maxx], Range[ni ny, maxy]}l;
cl[i] =Tablel
Round [Pl us[Dot [rotm[i ], Plus[Part [c[i], v], -a[i 111, a[i1l]l, {v, 1, Length[c[i11}];
ct =Union[ct, c[i]], i =i -1
1
Print[i]
1
Beep[]

. Gerando aimagen.

i mmgenl = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta[h]], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixel sy}},

Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

i mmgenbi = Col or Negat e[Bi nari ze[i mageni] ]
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104

.Orientac&o normalizada.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial heterogénea (E.Z.).

Entrando os valores dos parametros

Clear[a, c, ct, i, j,n cita, rotm v, h, rl, r2, rmax, rmnj;
n = 10;
pi xel sx
pi xel sy
rimax = 8;
rimn = 3;
r2max = 4,
r2mn=1.5;
rmax = Max [r2max, rlmex];
ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],

Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;

1000;
1000;

c[0] = {};

al pha = 0;

vt = 5;

r0l = 200;

r02 = 100;

k[1] = {200, 200};
k[2] = {800, 200};
k[3] = {200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
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Determinando as coordenadas de cada corpo (aqui demora).
Tim ng[
For[

=1, 0 <n+1, i ++,

rl[i ] = RandonChoi ce[Range[rilm n, rlmax]];

r2[i ] = RandonChoi ce[Range[r2m n, r2max]];

a[i 1 = RandontChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;

If[

Cos[al pha]? Sin[al pha]?
Intersection[TabIe[ + (First[a[i]]-First[k[v]])? -2 Cos[al pha]
roi1? ro2?
1

Si n[al pha] [ - ] (First[a[i]] -First[k[v]]) = (Last [a[i]] -Last [k[v]]) +
roi?2 ro2?

Si n[al pha]?® Cos[al pha]? _
+ (Last [a[i ]] - Last [k[V]])? <=

roi2 roz2
1, {v, 1, vt}], (Trued] # (3, i =i -1

maxx = First[a[i]]+rl[i] +1;

mnx =First[a[i]]-rl[i]-1;

maxy = Last [al[i]] +r2[i] +1;

mny =Last[al[i]]-r2[i]-1,

c[i] = Tupl es[{Range[m nx, maxx], Range[m ny, maxy]}];
If[Intersection[c[i], ct] # {}, 1 =i -1, ct =Union[ct, c[i]]]

]
I

Beep|[]

]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1[h], r2[h]1}], {h, 1, n}], Pl ot Range -» {{0, pixel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Orientac&o normalizada.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial heterogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
n = 10;
pi xel sx
pi xel sy
rimax = 8;

rimn = 3;

r2max = 4,

r2mn=1.5;

rmax = Max [r2max, rlmex];
vt = 5;

k[1]
k[2]
k[3]

1000;
1000;

{200, 200};
{800, 200};
{200, 800};
k[4] = {800, 800};
k[5] = {500, 500};
sigma = {70, 30};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First [sigm]l],
Range [0 - Last [si gma], pixel sy +Last [sigma]]}],
Tupl es[{Range[rmax + 1, pixel sx -rmax - 1], Range[rmax +1, pixel sy -rmax -11}1 1;
cl
0] =
{:
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2 | Orientacdo normalizada.Distribuicao de tamanho heterogénea. Distribuicéo espacial heterogénea (clusters). (1.2v).nb

Determinando as coordenadas de cada corpo (aqui demora).

Ti mi ng[
For [
=1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stribution[First [k[v]], First[sigmal]l]ll]l,
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]]11}, {v, 1, vt}];
senent esmadur as = Conpl ement [senment es, ct ];
| f [senentesmaduras == {}, i =i -1,
a[i ] = RandontChoi ce[senent esmadur as];
ri1[i ] = RandonChoi ce[Range[r1mi n, r1lmax]];
r2[i 1 = RandonChoi ce[Range[r2m n, r2max]];
i mgem= Bi nari ze[G aphi cs[
Tabl e[Di sk[a[j1, {r1[j1, r2[j1}1, {J, 1, i}], PlotRange » {{0, pixel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
If [ncorps =i,
maxx = First[af[i]]+rl[i]+1;
mnx=First[a[i]]l-rl[i]-1,
maxy = Last [al[i]] +r2[i] +1;
mny =Last[al[i]]-r2[i]-1,
c[i] = Tupl es[{Range[m nx, maxx], Range[m ny, naxy]}];

ct =Union[ct, c[i]], i =i -1]
1; Print[i]
IN
Beep[]

1
(14.352, Nul |}

. Gerando a imagen.

i mgeml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1[h], r2[h]1}], {h, 1, n}], Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pi xel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Orientac&o normalizada.
Distribuicdo de tamanho heterogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j,n cita, rotm v, h, rl, r2, rmax, rmnj;
n = 10;

pi xel sx = 1000;

pi xel sy = 1000;

rlmax = 80;

rimn = 30;

r2max = 40;

r2mn = 15;

rmax = Max [r2max, rlmex];
ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;
cl
0] =
{:

Determinando as coordenadas de cada corpo (aqui demora).

Timng[
For [

=1, 0 <n+1, i ++,

rl[i ] = RandonChoi ce[Range[r1lm n, rlmax]];

r2[i ] = RandomChoi ce[Range[r2m n, r2max]];

a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0O, pi xel sy]}], ct11;

i mmgem= Bi nari ze[G aphi cS[
Tabl e[Di sk[a[j 1, {r1[j1, r2[j1}1, {J, 1, i}], PlotRange » {{0, pixel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixelsy}11;

ncor ps = Max [Fl att en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem] 111;

I f [ncorps =i,

maxx = First[a[i]]+rl[i] +1;
mnx =First[a[i]]-rl[i]-1;
maxy = Last [al[i]] +r2[i] +1;

mny =Last[al[i]]-r2[i]-1,
c[i] = Tupl es[{Range[m nx, maxx], Range[m ny, maxy]}];
ct =Unionfct, c[i]], i =i -1
1; Print[i]
1
Beep[]
1
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2 | Orientacdo normalizada.Distribuicao de tamanho heterogenea (1.2v).nb

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1[h], r2[h]}], {h, 1, n}], Pl ot Range -» {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Orientac&o normalizada.
Distribuicao de tamanho homogénea.
.Distribuicao espacial heterogénea (clusters).

Entrando os valores dos parametros

Cear[a, c, ct, i, j, n, k, vt, i magenl, senment esmadur as, senentes, v, ncorpsl];
pi xel sx = 1000;
pi xel sy = 1000;
n = 300;
rl=11;
r2 =11;
vt = 9;
k[1] = {150, 500};
k[2] = {500, 150};
k[3] = {850, 500};
k[4] = {500, 850};
k[5] = {500, 500};
k[6] = {150, 150};
k[7]1 = {850, 850};
k[8] = {850, 150};
k[9] = {150, 850};
rmax = Max[rl, r27;
sigma = {50, 50};
ct = Conpl ement [Tupl es[{Range[0 - Fi rst [si gma], pi xel sx + First[sigml],
Range [0 - Last [si gna], pixel sy +Last [sigma]]}],
Tupl es[{Range[rl+1, pixelsx-r1l-1], Range[r2+1, pixelsy-r2-113}11;
cl
0] =
{y
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2 | Orientacdo normalizada. Distribuicdo de tamanho homogénea. Distribui¢do espacial heterogénea (clusters) (1.2v).nb

Determinando as coordenadas de cada corpo (aqui demora).

Ti mi ng[
For [
=1, 0 <n+1, i ++,
senent es = Tabl e[ {Round [Random[Nor mal Di stribution[First [k[v]], First[sigmal]l]ll]l,
Round [Random[Nor mal Di stri bution[Last [k[v]], Last [sigma]]]11}, {v, 1, vt}];
senent esmadur as = Conpl ement [senment es, ct ];
| f [senent esmaduras == {}, i =i -1,
a[i ] = RandontChoi ce[senent esmadur as];
i mgem= Bi nari ze[G aphi cs[
Tabl e[Di sk[a[j 1, {rl, r2}1, {j, 1, i}], PlotRange » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | mageSi ze » {pi xel sx, pixelsy}1];
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
If [ncorps =i,
maxx = First[a[i]]+rl+1,;
mnx=First[a[i]]-rl-1,
maxy = Last [a[i]] +r2+1;

mny =Last[a[i]]-r2-1;
c[i] = Tupl es[{Range[m nx, maxx], Range[mi ny, naxy]}];
ct =Union[ct, c[i]], i =i -1
1
1; Print[i]
1
Beep[]

1
as = Table[a[i], {i, 1, n}1;

(234.017, Null }

as = Tabl e[a[i], {i, 1, n}]

. Gerando aimagen.

i mmgenl = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1, r2}], {h, 1, n}], Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pi xel sy}]

.Imagem binaria.

i mmgenbi = Col or Negat e[Bi nari ze[i mageni] ]

.Controlando o namero de corpos.

Max [Fl at t en[Mor phol ogi cal Conponent s[i magenbi 11]
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.Orientac&o normalizada.
Distribuicdo de tamanho homogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n, ncorps];
pi xel sx = 1000;
pi xel sy = 1000;

n = 1000;
rl =6;
r2 = 6;

ct = Conpl ement [Tupl es[{Range [0, pi xel sx], Range[0, pi xel sy]}],

Tupl es[{Range[rl +2, pixelsx-rl-2], Range[r2+2, pixelsy-r2-213}11;
cl

0] =

{:

Determinando as coordenadas de cada corpo (aqui demora).

Timng[
For [
=1, 0 <n+1, i ++,
a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct11;
i mmgem= Binari ze[G aphi cs[
Tabl e[Di sk[a[j 1, {rl, r2}1, {J, 1, i}], PlotRange » {{0, pi xel sx}, {0, pixel sy}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {pi xel sx, pixel sy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i mragem] 111;
I f [ncorps =i,
maxx = First[a[i]]+rl+1;
mnx =First[a[i]]-rl-1;
maxy = Last [a[i]] +r2+1;
mny =Last[a[i]]-r2-1;
c[i ] = Tupl es[{Range[m nx, maxx], Range[m ny, nmaxy]}];
ct =Unionfct, c[i]], i =i -1
1; Print[i]
1
Beep[]

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Di sk[a[h], {r1, r2}], {h, 1, n}], Pl ot Range -» {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixel sy}]
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2 | Orientacdo normalizada. Distribui¢cdo de tamanho homogénea (1.2v).nb

.Imagem binaria.

Col or Negat e[Bi nari ze[i mageni]]
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.Distribuicao de orientacao homogénea.
Distribuicdo de tamanho homogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros.

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
pi xel sx = 1000;
pi xel sy = 1000;
n=_8;
rl =40;
r2 = 80;
rmax = Max[ri, r2];
theta = 1;
rotm= RotationMatri x[cita]l;
ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rnmax], Range[rnax, pixelsy-rmax]1}] 1;
cl
0] =
{y

Determinando as coordenadas de cada corpo (aqui demora).

Timng[
For [
=1, 0 <n+1, i ++,
a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0O, pi xel sy]}], ct11;
i mgem= Bi nari ze[G aphi cs[Tabl e[Rot at e[Di sk[a[j ], {rl, r2}], theta], {j, 1, i}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
I f [ncorps =i,
maxx = First[a[i]]+rl+1;
mnx =First[a[i]]-rl-1;
maxy = Last [al[i]] +r2+1;
mny =Last[al[i]]-r2-1;
c[i] = Tupl es[{Range[m nx, maxx], Range[m ny, maxy]}];
cli] =
Tabl e[Round [Pl us[Dot [rotm Plus[Part [c[i], v], -a[i]]l], al[i11]l, {v, 1, Length[c[i1]1}];
ct =Unionfct, c[i]], i =i -1
1; Print[i]
1
Beep[]
1
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2 | Orientacao definida. Distribuicao de tamanho homogénea. (1.2v).nb

. Gerando a imagen.

i mageml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {rl, r2}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng » True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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.Distribuicao de orientacao homogénea.
Distribuicao de tamanho heterogénea.
.Distribuicao espacial homogénea.

Entrando os valores dos parametros

Clear[a, c, ct, i, j, n theta, rotm v, h, rl, r2, rmax, rmnj;
pi xel sx = 1000;
pi xel sy = 1000;

n = 10;

rlmax = 80;

rimn = 30;

r2max = 40;

r2mn = 15;

rmax = Max [r2max, rlmex];
theta = 1;

rotm= RotationMtri x[theta];
ct = Conpl ement [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}],
Tupl es[{Range[r max, pi xel sx -rmax], Range[rnax, pixelsy-rmax]1}] 1;
cl
0] =
{:
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2 | Orientacéo definida. Distribuicdo de tamanho heterogénea. (1.2v).nb 117

Determinando as coordenadas de cada corpo (aqui demora).

Ti mi ng[
For [
=1, 0 <n+1, i ++,
a[i ] = RandonChoi ce[Conpl emrent [Tupl es[{Range[0, pi xel sx], Range[0, pi xel sy]}], ct]l;
ri1[i ] = RandonChoi ce[Range[r1mi n, r1lmax]];
r2[i 1 = RandonChoi ce[Range[r2m n, r2max]];
i mmgem= Bi nari ze[G aphi cs[Tabl e[Rotate[Di sk[a[j 1, {r1[j]1, r2[j1}]1, thetal, {j, 1, i}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixelsy}11;
ncor ps = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[i magem] 111;
If [ncorps =i,
maxx = First[af[i]]+rl[i]+1;
mnx=First[a[i]]l-rl[i]-1,
maxy = Last [al[i]] +r2[i] +1;
mny =Last[al[i]]-r2[i]-1,
c[i] = Tupl es[{Range[m nx, maxx], Range[mi ny, naxy]}];
c[i] =Table[
Round [Pl us[Dot [rotm Plus[Part [c[i], v], -a[i11l], a[i11], {v, 1, Length[c[i]11}1;
ct =Union[ct, c[i]], i =i -1
1; Print[i]
1
Beep[]
1

{12.948, Null?}

. Gerando a imagen.

i mgeml = G aphi cs[ (x{EdgeFor m[{Thi n, Bl ack}], FaceFor m[Bl ack], )
Tabl e[Rot at e[Di sk[a[h], {r1[h], r2[h]}], theta], {h, 1, n}],
Pl ot Range » {{0, pi xel sx}, {0, pixelsy}},
Pl ot Ranged i ppi ng -» True, | nmageSi ze » {pi xel sx, pixel sy}]

.Imagem binaria.

Col or Negat e[Bi nari ze[i magent, 0.8]]
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Apéndice 2 - Codigo computacional para a determinacéo do
Covdmean de ensembles reais e virtuais
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Caracterizacao da distribuicéo espacial: Calculo do
Cov(dmean)

Carrega aimagem a analizar, determina suas dimencdes e aplica a transformada de
distancia.

Cl ear [acs1, acl, dnean, acsex, er01, erl, er2, acs,
i magen?, i magenB, i magen¥, i nagenb, i nagen®d, i magenv, obj 1;
er0 = Col or Negat e[l mport ["F:\ Nova Tese/Mat hemati ca/i magens/avanzadas/300het 5. bnp" 17;
sizex = Lengt h[Transpose[ | nageDat a[er 0]1117;
sizey = Lengt h[l nageDat a[er 0]7;
erl = | mageAdj ust [Lapl aci anGaussi anFi |l t er [Di stanceTransformler0], 1.5]]

Segmenta a imagem da transformada.

er2 =Binarize[erl, 0.64]

Controla o parametro de segmentagédo da secao anterior (condi¢cao: n[imagtransf] =
nlimag])

n = Max [Fl at t en[Mor phol ogi cal Conponent s[er2]]1]

Determina os elementos das bordas.

i borda =
Uni on[Mor phol ogi cal Conponent s[er2] [[4]], Reverse[Mor phol ogi cal Conponent sfer2]11[[4]],
Transpose [Mor phol ogi cal Conponent s[er2]1[[4]11],
Rever se[Transpose [Mr phol ogi cal Conponentsfer2]1]1]1[[4111]
u-=
0;
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2 | Calculo do Cov(dmean).nb

Determinando o dmean para cada corpo (aqui demora).

Ti mi ng[
For [i =1, 1 <n+1, i ++,
If[Intersection[{i}, iborda] = {},
obj [i ] = Reverse[Position[Reverse[Mr phol ogi cal Conponent sfer2]11, i1, 21;
i mgen? =
Bi nari ze[Col or Negat e[G aphi cs [Poi nt [obj [i ]], Pl ot Range » {{0, sizex}, {0, sizey}},
Pl ot Ranged i ppi ng -» True, | mageSi ze » {si zex, sizey}11];
i mgenB = Di | ati on[i magen®, 37;
i mgend = Ceodesi cDi | ati on[Bi nari ze[i magen8], er2];
i mgenb = Geodesi cDi | ati on[i magen¥d, Col or Negat e[er0]1];
i magend = Mor phol ogi cal Peri met er [i magenb];
i mgen? = GCeodesi cDi | ati on[i magen®, i magent];
acl = Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magenv]], 1], 2];
acs = Tabl e[Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magen6]], h], 2],
{h, 1, Max[Fl atten[Morphol ogi cal Conponent s[i magen6]11}1;
acsex = Conpl enent [acs, {acl}];
u=u+1l;
dnean[u] =
N[Mean[Tabl e[M n[Tabl e[Eucl i deanDi st ance[Near est [acl, acsex[[j 11[[i111[[11],
acsex[[j 1100 111, {i, 1, Length[acsex[[j111}11, {j, 1, Length[acsex]}11];
Print[i]
1
11
Beep[]

Calcula o valor do Cov(dmean).

Covdnean =
St andar dDevi ati on[Tabl e[ (dmean[i 1), {i, 1, u}]]/ Mean[Tabl e[ (dnmean[i ]), {i, 1, u}]]
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9
Apéndice 3 - Codigos computacionais para a determinacao do
Covdmean local e para a construcdo de mapas de Covdmean
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Mapas de Cov (dmean)

Carrega aimagem e determina suas dimengdes

er0 = Col or Negat e[l nport ["F:\ Nova Tese/Mat heméti ca/i magens/avanzadas/i ngll. bnp"]];
si zetx = Lengt h[Transpose[ | mageDat a[er0]]];
sizety = Lengt h[l mageDat a[er 0]17;

Introduze os valores que definem a caracteristicas da quadratura do mapa

mapax = 2;
mapay = 2;

Determina o centro e as dimengdes de todos 0os quadrantes

sizex = I ntegerPart [si zet x / mapax];

sizey = I ntegerPart [sizety / mapay];

pont os = Tupl es[{Range[l nt eger Part [si zex /2], | ntegerPart [si zetx -si zex /2], sizex],
Range[l nt eger Part [si zey /2], I ntegerPart [sizety -sizey /2], sizeyl}]
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2 | mapa de Cov(dmean).nb

Determina o Cov (dmean) para cada quadrante do mapa

For[j =1, j <Length[pontos] +1, | ++,
ponto = pontos[[j11;
t amanhox = si zex;
t amanhoy = si zey;
re = | mageDataler0, "Byte"1[[
ponto[[1]] +1-IntegerPart [tamanhoy /2] ;; ponto[[1]] -1 +IntegerPart [tamanhoy /2],
ponto[[2]] +1 -IntegerPart [tamanhox /2] ;; ponto[[2]] -1 +|ntegerPart [tamanhoy /2]111;
erOp = I nage[rel;
si zexn = Lengt h[Transpose[ | mageDat a[er Op]]11];
si zeyn = Lengt h[l mageDat a[er Op]];
n0 = Max [Fl at t en[Mor phol ogi cal Conponent s[Col or Negat e[er0p]111;
erl = | mageAdj ust [Lapl aci anGaussi anFi | t er [Di st anceTr ansfor mler Op], 1.5]11;
er2 = Binarize[er1, 0.55];
n = Max [Fl at t en[Mor phol ogi cal Conponent s[er2]111;
i borda =
Uni on[Mor phol ogi cal Conponent s[er2] [[4]], Reverse[Morphol ogi cal Conponent sfer2]1[[4]],
Transpose[Mor phol ogi cal Conponent sfer2]1[[4]1],
Rever se[Transpose [Mr phol ogi cal Conponent s[er211]1[[4111;
u=0;
Timng[
For [i =1, 1 <n+1, i ++,
If[Intersection[{i}, iborda] = {},
obj [i ] = Reverse[Position[Reverse[Mr phol ogi cal Conponent sfer2]11, i1, 21;
i magen? =
Bi nari ze[Col or Negat e[G aphi cs [Poi nt [obj [i ]], Pl ot Range » {{0, si zexn}, {0, sizeyn}},
Pl ot RangeC i ppi ng » True, | mageSi ze » {si zexn, sizeyn}]11;
i mgen8 = Di | ati on[i magen®, 37;
i mgend = Ceodesi cDi | ati on[Bi nari ze[i magen8], er2];
i mgenb = Geodesi cDi | ati on[i magen¥d, Col or Negat e[erOp]1];
i magend = Mor phol ogi cal Peri met er [i magenb];
i mgen? = Ceodesi cDi | ati on[i magen?, i magent];
acl = Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magenv]], 1], 2];
acs = Tabl e[Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magen6]], h], 2],
{h, 1, Max[Fl atten[Mor phol ogi cal Conponent s[i magen6]11}1;
acsex = Conpl enent [acs, {acl}];
u=u=+1l;
dneanf[u] =
N[Mean[Tabl e[M n[Tabl e [Eucl i deanDi st ance[Near est [acl, acsex[[j 11[[i111[[1]1],
acsex[[j 11[[i 111, {i, 1, Length[acsex[[j 111}11, {j, 1, Length[acsex]}]11;
Print [i]
1
11
Beep[1;
covdnean(j ] =
St andar dDevi ati on[Tabl e[ (dmean[i 1), {i, 1, u}]]/Mean[Tabl e[ (dnean[i 1), {i, 1, u}ll;
Print [covdmean([j 1]
1

123

Construe o mapa de Cov (dmean)

mapaCov =
Mat ri xFor m[Tr anspose([Partiti on[Tabl e[covdrmean[i ], {i, 1, Length[pontos]}], mapay]ll]]
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Determinacéo do Cov(dmean) local

Carrega aimagem

er0 = Col or Negat e[l nport ["F:\ Nova Tese/Mat heméti ca/i magens/avanzadas/i ngll. bnp"]];

Introduce o valor do pixel central e o tamanho do campo desejado

ponto = {700, 500};

t amanhox = 100;

t amanhoy = 130;

re = | mageDatafer0, "Byte"]1[[
ponto[[1]] -IntegerPart [tamanhoy /2] ;; ponto[[1]] -1 +IntegerPart [tamanhoy / 2],
ponto[[2]] - | ntegerPart [tamanhox /2] ;; ponto[[2]] -1 +IntegerPart [tamanhox /2]11;

Criar aimagem do campo desejado

er0 = I mage([re]
t amanhoxn = Lengt h[Transpose[ | mageDat a[er0]11;
t amanhoyn = Lengt h[l mageDat a[er0]1];

Determina o nUumero de corpos no campo

n0 = Max [FI at t en[Mor phol ogi cal Conponent s[Col or Negat e[er0]]111

15

Aplica atransforma de distancia na imagem do campo

erl = | mageAdj ust [Lapl aci anGaussi anFi |l t er [Di stanceTransformler0], 1.5]]

Segmenta a imagem da transformada.

er2 = Binari ze[erl, 0.55]

Controla o pardmetro de segmentagdo da secao anterior (condi¢cao: n[imagtransf] =
nl[imag])

n = Max [Fl at t en[Mor phol ogi cal Conponent s[er2]]1]
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2 | cov local.nb

Determina os elementos das bordas.

i borda =
Uni on[Mor phol ogi cal Conponent s[er2] [[4]], Reverse[Mor phol ogi cal Conponent sfer2]11[[4]],
Transpose [Mor phol ogi cal Conponent s[er2]1[[4]11],
Rever se[Transpose [Mr phol ogi cal Conponent sfer211]1[[4111]
u =
0;

Determinando o dmean para cada corpo (aqui demora).

Timng[
For [i =1, 1 <n+1, i ++,
If[Intersection[{i}, iborda] == {},
obj [i ] = Reverse[Position[Reverse[Mr phol ogi cal Conponent sfer2]1]1, i1, 2];
i mgen? = Bi nari ze[
Col or Negat e[G aphi cs[Poi nt [obj [i ]], Pl ot Range » {{0, tamanhoxn}, {0, tamanhoyn}},
Pl ot Ranged i ppi ng » True, | mageSi ze » {t amanhoxn, tamanhoyn}]]1;
i mgenB = Di | ati on[i magen®, 37;
i mgend = Ceodesi cDi | ati on[Bi nari ze[i magen8], er2];
i mgenb = Ceodesi cDi | ati on[i magen¥d, Col or Negat e[er0]1];
i mgend = Mor phol ogi cal Peri met er [i magenb];
i mgen? = GCeodesi cDi | ati on[i magen®, i magent];
acl = Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magenv]], 1], 2];
acs = Tabl e[Reverse[Positi on[Rever se[Mr phol ogi cal Conponent s[i magen6]], h], 2],
{h, 1, Max[Fl atten[Morphol ogi cal Conponent s[i magen5]11}1;
acsex = Conpl enent [acs, {acl}];
u=u+1;
dnean[u] =
N[Mean[Tabl e[M n[Tabl e[Eucl i deanDi st ance[Near est [acl, acsex[[j 11[[i111[[1]1],
acsex[[j 1100 111, {i, 1, Length[acsex[[j111}11, {j, 1, Length[acsex]}11];
Print [i]
1
11
Beep[]

Calcula o valor do Cov(dmean) para o campo local seleccionado.

Covdnean =
St andar dDevi ati on[Tabl e[ (dnean[i 1), {i, 1, u}]]/Mean[Tabl e[ (dnean[i 1), {i, 1, u}]]
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