CWD :=“C:\PhD\2015\00 Papers\Paper 2 — Amazon River\04 — Outputs Mathcad” sigma:=3 mini:=1 maxs =2

1
im01:= READBMP (“LT52250601986196XXX03_LogRatioB3B4.bmp”) WRITEBMP (“im1986_.tif”, 255 - zoom (canny (im01, sigma , mini ,maxi) ,1,1))=0
im02:=READBMP (“LT52250601987183CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im1987_.tif", 255 - zoom (canny (¢m02, sigma , mini ,mazi),1,1)) =0
im03:=READBMP (“LT52250601996240CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im1996_.tif", 255 - zoom (canny (¢m03, sigma , mini ,mazi),1,1)) =0
im04:= READBMP (“LT52250602000251CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im2000_.tif”, 255 - zoom (canny (¢m04, sigma , mini ,mazi),1,1)) =0
im05:= READBMP (“LT52250602006299CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im2006_.tif”, 255 - zoom (canny (im05 , sigma , mini , maxi) ,1,1)) =0
#m06 := READBMP (“LT52250602008145CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im2008_.tif” , 255 - zoom (canny (¢m06 , sigma , mini ,maxi) ,1,1)) =0
#m07 := READBMP (“LC82250602013270LGN00_LogRatioB3B4.bmp”) WRITEBMP (“im2013_.tif”, 255 - zoom (canny (im07, sigma , mini ,maxi) ,1,1)) =0
#m08 := READBMP (“LC82250602014257LGN00_LogRatioB3B4.bmp”) WRITEBMP (“im2014_.tif”, 255 - zoom (canny (¢m08, sigma , mini ,maxi) ,1,1))=0
im09 := READBMP (“LE72250602015236 CUB00_LogRatioB3B4.bmp”) WRITEBMP (“im2015_.tif”, 255 - zoom (canny (¢m09, sigma , mini ,maxi) ,1,1))=0
CWD = “C:\PhD\2015\00 Papers\Paper 2 — Amazon River\04 — Outputs Mathcad” WRITEBMP (“im2015_.tif” ,255«zoom (canny (im09 ,2,1, 2.2) , 1, 1)) =0

CWD:=“C:\PhD\2015\00 Papers\Paper 2 — Amazon River\04 — Outputs Mathcad\Canny v2”

P (zm) :=||tm+— READBMP (zm)

forze0 ..rows(im)—l
for j € 0..cols(im)—1 tmage :=“im2014_Canny.tif”
if im =255

W)

Out —]

cont,0

Out —1

cont, 1

cont+—cont+1

Out



Limats (zm) =

PP (lm)

cont+—0

[minX minY maxX mamY] — [mzn <P<O)> man <P<1>>
for: e O..rows(P)—l

if <P<0>> =munX

max <P(0>> max <P(1>> ]

Out

cont,0 i,1

[Out <—[P' . P

cont,1 ]
cont«—cont+1

else
if <P<O>> =maxrX

[Out Out ]<—[P, P
cont , 1 i,0 i,1

cont«+—cont+1

cont,0

else
if (PY) =miny

Out

cont ,0

[Out ]<—[P. P
cont , 1 1,0 4,1
cont<+—cont+1

else
if <P(1)> =maxY

[Out Out ]<—[P‘ P ]
cont,0 cont, 1 2,0 1,1

)

cont+—cont+1
else

continue

Out

[Cz Cy|« [mean <Out(0>> mean <Out<1)> ]

for k € 0..rows(Out)—1

if (Outk . —Cx> OAOutk ) —Cy> O) Y, (OUtk . —Cx< O/\Outk ) —Cy> 0)

comp —0
multt — 1

else
if (Out —Cz<0AOut —C’y<0)v(0ut —Cz>0A0ut —Cy<0)
k0 ko1 k,0 ko1

comp+—2 T
mults — —1

(Out — Ca:)
k,0

2 2
\/ (Out — C’x) + (Out — C’y)
k,0 k1

Out < csort (augment (Out , cmg) , 2)
stack (submatrix (Out ,0,rows (Out) —-1,0, 1) , [Out0 o Out0 ) ])

+comp

ang, « multi - acos

»

—~1.185-10°+

—1.21-10%4

—1.235-10%4

—1.26-10%4

—1.285-10%1

—1.31:10%4

—1.335-10°4

—1.36-10%4

—1.385-10%1

—1.41.10%4

—1.435-10%4

—1.46-10%4

s (0)
Limats (1mage)
P (image)<0)

P 1.83.10385-1087-10°89-10°01-10°93-10%95+10297-10399- 100110103 1005.10%

—Limats (image)

) (1)
—-P (zmage)

1)



f (q} Y, im) := || Limits «+ Limits (zm) EllipseSphere (zm) = |l Limits <+ Limits (zm)

X — Limits X — Limits [ 1.172
Y « Limits Y — Limits® 0.706
forz € 0..rows (Limits) -1 fori e 0..rows (Limits) -1 FEllipseSphere (image) =|—-5.438.10°

L —-X? L ——X?2 —4.154-10°

' i : i | 8.031-10° |

for i € 0..rows(Limits)—1 [AM) Ah1 Ai’2 Ai’g Ai’4]<—[Xi-Yi Yi2 Xi Yi 1

[Ai 0 Ai 1 Ai 2 Ai 3 Ai 4:|<_|:Xi.Yi Yi2 Xi Yi 1 -1

R a—(A".A) .(A".L)
a<—<AT-A>_1-<AT-L> tesi&aElz'pse<—4-1-(11—a02
a’ +ao-x-y+a1-y2 ta -rt+a-y+a if testaElipse >0
a<—a
else

forz € 0..rows (Limits) -1
L——(X*+Y?

[A, A A ]<_[X, Y 1]
1,0 1,1 1,2 7 7

a<—stack([0 l]T,<AT-A>_1-<AT-L>)

Solution: http://math.stackexchange.com/questions/280937/finding-the-angle-of-rotation-of-an-ellipse-from-its-general-equation-and-the-ot
http://mathworld.wolfram.com/Ellipse.html




EllipseParam (im):=

FEl«— EllipseSphere (zm)
El0 El2 El3
[ABCDFG||1 FEl El
2 L2 2 4
it B=OANA<C
6020
else
if B=EOAA>C
6020
else
if BFOAA<C
92<—1-atan 2-B
2 A—
else
if BFONA>C
H92<—1+1-atan 2-B
I 2 2 A-C
C-D-B.F
| R
B*—-A.C
A-F—-B-D
Y0 ——
B®>—-A.C
(A-F*+C-D*+G-B*-2-B-D-F—-A-C-G)
Q4|2
2
(B? —A-C)-(\/(A—C) +4.B’ —(A+C))
(A-F*+C.D*+G-B*-2.-B-D-F—A-C-G)
b—y|2-
2
(B* —A-C)-(—\/(A—C’) +4.B° —(A+C)>
62
x0
40
a
b

FEllipseX (zm) :=|| EP «— EllipseParam (zm)
[6 20 y0 a b]<—[EPO EP EP EP, EP4]

forte€0..36-5

Out <—a-cos|t- i -cos(9)+b-sin te i
t 185 18

Out

EllipseY (im):= || EP « EllipseParam (im)
6 20 y0 a b]—[EP EP EP EP_ EP |
I- 0 1 2 3 4J

forte0..36-5

Out <—a-cos|t. i
t 18

I
Out

f (EllipseX (z’mage)20 ,EllipseY(z'mage)20 , image) =—-2.794.10""

f (EllipseX(z'ma,ge)1 , EllipseY (z'ma,ge)1 , image) =-3.725-107"

5)-—sin(9) +z0

5)-(sin(0))+b-sin(t-187r—.5)-cos(9)+y0



i(mQ +a cx-y+a -y’ +a -x+a -y+a)—>2-ac+y-a +a i—(av2+a cxey4a -y’ +a-zta -y+a)—>ac-a +2.y.a +a Finding the points with maximum distance to
dz ‘ ! 2 ’ ! o2 dy ° ! 2 ’ ! 0 "% the first approximation ellipse. Those points
will be translated to the next point on gradient
k- (2.x+y.a +a ) =X—-=z direction and a new ellipse will be built
o2 surrounding all points.

k-(ac-a0+2-y-a1+a3>=Y—y
(k:-2+1)-w+(k:-ao)-y=X—k:-a2

(kz-a )-x+(kz-2-a +1)-y=Y—kz-a
0 1 3

2

(—k-ao)-(k-ao)-y+(k-2-a1+1)-(k:-2+1)-y=(k-aQ—X)-(k;-aO>+(k-2+1)-(Y—k:-ag) (k-2-a1+1)-(k:-2+1)-ac—(k;-a0> -:L':(X—k-az)-(k;-2-a1+1)+(—(k:-a0))-(Y—k-ag)
) ) (X—k:-a2)-(kz-2-a1+1)+(—(k:-a0))-(Y—k-a3)
k-a2 X)- k-ao +(k-2+1)-(Y k-a3 T= 5
y=< ) ( ) ( 5 ) (k:-2-a1+1)-(k-2+1)—(k-a0)

(k:-2-a1+1)-(k-2+1)—(k-a0)

AAb0x.7) (X—k:-a2)-(k.z.a1+1)+(—(k;.ao>).(Y—k:.a3)2 (X—k-az).(k:.2.a1+1>+(—(k:-a0))-(Y—k-ag) (k:-az—X)-(k:-ao)+(k-2+1)-(Y—k;.a3)

) (k:-2-a1+1)-(k:-2+1)—(k:-a0)2 o (k:-2-a1+1)-(k-2+1)—(kz-a0)2 (k:-2-a1+1)-(k:-2+1)—(k:-ao)2
(e y) (k-aQ—X)-(k-a0)+(k-2+1)-(Y—k-a3) o (X—k-aQ)-(k-2-a1+1)+(—(k¢-a0))-(Y—k-a3) o (k-aQ—X)-(k-a0)+(k-2+1)-(Y—k-a3) .
' (k-z-a1+1)-(k:-2+1)—(k-ao>2 i (k:-2-a1+1)-(k-2+1)—(k-a0)2 ’ (k-2-a1+1)-(k:-2+1)—(k-ao>2 !

f(k,a,X,Y):=f1(k,a,X,Y)+f2(k,a,X,Y)

Df(k,a,X,Y) = f(k,a,X,Y)
dk



Limats2 (@m) =

a + EllipseSphere (1m)
P+—P (’Lm)
fori e 0+0.. 1-(rows(P)—1)+0

tr

tr

xl «—

xr2 «—

yl—

Y2 —

r+—P

2,0

y—P

i,1

Ar—1
B:13<—a0-y+a2

2
Cm<—a1-y +a3-y+a4
Ay<—a1
By<—a,0-x-i-a3

Cy«— 2z’ +a2-x+a4

—Bx—i—\/Bx2 —4.Az-Czx
2 Ax
_Bz—\Bz® —4.-Az-Czx
2 Ax
_By+\By® —4-Ay-Cy
2 Ay
—By—\/By2 —4.Ay-Cy
2 Ay

if (Im (21) =0AIm (22) =0)V(Im(y1) =0AIm(y2) =0)
contr —0
conty—0

Yy
if (Im (ml) =0AIm (w2) = O)/\(wl <zAzx2<zVzl >m/\w2>w)
[Out Outwm 1] <—[Pi . P

cont,0 i,1

contr«—1

on error

contxr —0

y
if (Im(y1) =0AIm(y2) =0)A(yl<yAy2<yVyl>yAy2>y)
[Out Out <—[P, P

cont, 0 cont,1:| i,1

I conty «— 1

on error

else

conty «—0

cont < cont + max (contm , conty)

” cont «— cont

EllipseSphere2 (im):=

Limits < Limaits2 (zm)
X « Limits"

Y

— Limits<1>

forz € 0..rows (Limits) -1

L —-X?

[A. A A A A ]<—[X.-Y, Y2 X Y 1
1,0 7,1 1,2 1,3 1,4 [ 7 7 7 7

-1
a—(AT.A) (A".L)
testaElipse «—4+1+ a — a02

if

el

testaElipse >0
a+—a
se
fori € 0..rows (Lz'mits)—l
Le——(X*+Y?
[A, A A ]<—[X, Y 1]
” 2,0 2,1 2,2 7 7

-1

(a7-1))

a — stack ([() 1]T , (AT -A>

Limits2 (“im2015_Canny_1.tif”)



| Gut

1.835:10%.86-10%.885-10°1.91-10%.935-10°1.96-10%.985-10%2.01-10%2.035-10%2.06-102.085-10%

—1.18-10%4
—1.205-10%4
—1.23-10%4
—1.255-10%1
—1.28:10%4
—1.305-10%+

(1)
—Limits (“im2015_Canny.tif”)

—1.33-10%4

—1.355-10%4
1

()
—Limits2 (“im2015_Canny.tif”)
» -

—1.38:10%4

—1.405-10%1 (1)
—1.43-10%4 —-P (“im2015_Canny.tif”)
*

k J

—1.455-10%4

—EllipseY (“im2015_Canny.tif”)

(0)
Limats (“im2015_Canny.tif”)

(0)
Limats2 (“im2015_Canny.tif”)
[ ] -

(0)
P (“im2015_Canny.tif”)
*

b v

EllipseX (“im2015_Canny.tif”)




EllipseParam?2 (im):=

El +— FEllipseSphere2 (zm)

El El El
[ABCDFG|—|1 El El
2 1.2 2 4
if B=0ANA<C
620
else
if B=0OANA>C
620
else
if B#0AA<C
92(—l'ata‘n 2'B
2 A—
else
if B#0AA>C
92<—£+l-atan 2-B
2 2 A-C
C-D-B-F
0——- ——
B> —-A.C
A.-F—B-.D
Y0 ——
B*>—A.C
(A-F*+C.D*+G-B*~2-B-D-F—A-C-G)
A 4[2-
2
(BQ—A-C>-(\/(A—C) +4.B —(A+C))
(A-F*+C-D*+G-B*-2.B-D-F—-A.C-G)
b—y4[2-
2
(B —A-c)-(—\/(A—C) +4.B* —(A+C))
62
x0
40

FEllipse X2 (zm) =

EP «— EllipseParam?2 (zm)
[6 20 30 a b]<—[EPo EP EP EP EP4]

forte€0..36-5

Out <—a-cos(t- )-cos(@)+b-sin(t- )-—sin(9)+x0
t

185 18.5

Out

EllipseY2 (im):= || EP « EllipseParam2 (im)

[6 20 y0 a b]<—[EP EP EP EP EP]
0 1 2 3 4

forte0..36-5

Out «~—a-cos|t- i
t 18

5)-(sin(9))+b-sin(t-

) -cos(0)+y0

Out



TestaPontos (S et, zm) =

(X v [Set® Set®]
forz e 0..rows (Set) -1
L —-X?

[A, A A A A ]«—[X.-Y, Y?2X Y 1
7,0 7,1 1,2 1,3 1,4 7 7 [ 7 [

a—(AT.A) 1-(AT-L>
testaElipse<—4-1-a1—a02
if testaFElipse >0
a«—a
else
forz e 0..rows (Set)— 1

Le——(X’+Y?

[A' A A ]<—[X' Y 1]
“ i,0 4,1 4,2 i

T -1

a<—stack<[0 1] ,<AT-A> -(AT-L>>
P<—P(im)
testaElipse<—4-1-a1—a02

if testaFElipse >0
forie()..rows(P)—l
[:C y]<—[P‘ . P .
Ax—1
Bq;<—a0-y+a2
2

Cm<—a1-y +a3-y+a4
Ay<—a1

By<—a0-x+a3

Cy«—a’ ta, zr+a

—Bz+ \/Bx2 —4-Ax-Cx

xrl —
2 Ax
2
wz(_—Bx—\/Bac —4.Az-Cx
2 Ax
_B B 2—4-A .
Yl e y+VBy y-Cy
2 Ay
—By—\/By®> —4-Ay-.
y2 e —BY VBy y-Cy
2 Ay

if (Im (xl) = 0/\Im(x2) = 0)

if (xl <zAx2<zVzl>xzAx2 >w)
I
[l

cont«+—cont+1

QuaisPontos (S et, zm) =

(X v]—[Set? set]
forz € 0..rows (Set) -1

L —-X?

[A, A A A A ]«—[X,-Y. Y2 X Y 1
7,0 7,1 1,2 7,3 1,4 7 [ 7 7 [

-1
a—(A".A) -(A".L)
testaFElipse <+ 4+1+ a — ao2
if testaFElipse >0
a+—a
else
forz € 0..rows (Set) -1

L ——(X?*+Y?
[A

2,0

A A ]<_[X, Y 1]
7,1 1,2 7 7

(a7.1))

|
a «— stack ([0 1]T , <AT -A)
P<—P(im)
testaFElipse <+ 4+1« a — ao2

-1

if testaFElipse >0
for i e 0..rows(P)—1
P

T —[P ]
[ y] |_ 7,0 z,lJ

Ar—1
Baz<—a0-y+a2

2
Cw<—a1-y +c13-y+a4
Ay<—a1
By<—a0-w+a3

Cy«—za’ ta, z+a

—Bx+\/Bw2 —4-Ax-Cx

xl —
2 Ax
2
x2(_—Bw—\/B:c —4.Az-Cx
2 Ax
_B B 2—4-A .
Yl y+VBy y-Cy
2 Ay
—By—\/By®> —4-Ay-
y2 e —BY VBy y-Cy
2 Ay

if (Im (xl) =0AIm (x2) = 0)
} if“(wl <zAzx2<zVzl >m/\x2>w)




Ellipsel (im) :=

else

cont «— cont

—+

i (Im (yl) =0AIm (y2) = O)

if (yl <YAY2<yVyl>yAy2 >y)
cont+—cont+1

else

“ cont «— cont

else

cont «— cont

cont

Limits «— Limits (zm)

X — Limits®

Y « Limits"

fort1 € 0..rows (Limits) -1
L« —Xi2

forz2 € 0..rows (Limits)—l
[A, A A A A ]<—[X'-Y‘ Y2 X Y 1
2,0 7,1 1,2 1,3 1,4 7 [ 1 7 [

a—(A".4) (A".L)

Out

vuL vuL — L. r
l cont ,0 cont,lJ [ 2,0 i,lJ

| cont«+—cont+1

else
H cont «— cont
se
if (Im (y1) =0AIm(y2)=0)

[Out Out ]
cont,0 cont, 1

cont<+—cont+1

else

cont «— cont

se

cont «— cont

if (yl<yAy2<yVyl>yAy2>y)

i1

<—[P, P
7,0



teste:=

Limits2 — Limats2 (image)
a <+ Ellipsel (z'mage)
Dist0«+— 141215

for h € 0..rows (Limits2) -1

X «— Limats2
R,0

Y «— Limats2
h,1

kO<+~—0

forz€0..100

k1—kO

f(k0,a,X,Y)

Df(kO,a,X,Y)

if |f(k0,a,X,Y)|>|f(k1,a,X,Y)|vIm(k0)+0
kO — k1
break

k<+—kO

(X—k-az)-(kz-2-a1+1)+(—(k¢-a0))-(Y—k:-a3)

kO — k0O —

€I <

k-2.a +1\-(k-2+1)—(k-a ’

1 0
(k:-a —X)-(k:-a)+(k-2+1)-(Y—kz-a)
2 0 3

(k-2-a1+1)-(k-2+1)—(k-a0)2

y(—

Dist<—\/(X—x)2+(Y—y)2
if (X—wzOAY—yEO)V(X—xSO/\Y—yZO)

0  acos Xexz+Y-.y . 180
Vi +y?)-(x2+v?)) ™
else
0 +— 360 —acos X-z+Y-y . 180
(#* +y?) - (x*+v?)) T

Out.  Out ]<—[X Y]
h,0 h,1

Out

belong (z,y):=

for i e 0..rows(y)—1
ify—x=0

} Out —1
I break

else
H Out+0

Out



Limats3 (zm) =

degree «— 5

Limits «— Limits (zm)
Limits2 «— Limits2 (zm)

a <+ FEllipsel (zm)

Dist0«— 141215

for h € 0..rows (LimitsQ) -1

X «— Limats2
h,0

Y «— Limats2
h,1

kOO0
contou+—0
forte€0..100

k1+—kO

f(k0,a,X,Y)
Df(kO,a,X,Y)
contou «— contou+1

kO — kO —

kO —k1
contou <« contou—1
break

contoh «—contou+0+k0

k+—kO

(X—k.aZ).(k.z.alﬂ)+(—(k:-a0)).(Y—k.a3)

€I <

if |f(k0,a,X,Y)|—|f(k1,a,X,Y)|>10""vVIm(k0)#0

k:-2-a1+1)-(k:-2+1)—(k:-a0 ’
(k.a2—X).(k-a0)+(k.2+1)-(Y—k.a3)

o (k:-z-a1+1)-(k:-2+1)—(14:-&0)2

2 2

Dist<—\/(X—x) +(Y—y)
if ( X—2>0AY—y>0)V(X—2<0AY -y>0)

9<—acos[ (X-z)-1+(Y—y)-0 180
Vix-o) +(v-9))- (12 40%)
else

0 < 360 —acos (X—ac)-1+(Y—y)-0

V(x—a) +(v-9)")- (1> +0)

[Out Out  Out  Out ]<—[XYDz'st 6]
h,0 h,1 h,2 h,3

Out «+ csort (Out , 3)
for 2z € 0..rows (Out) -1

—1.16-10%4

—1.185-10%4

—1.21:10%4

—1.235-10°4

—1.26-10%4

—1.285-10°%1

—1.31-10%4

—1.335-10%4

—1.36-10%4

—1.385-10°+

—1.41-10%4

—1.435-10%1

—1.46-10%4

1.83-10%.855-10%.88-10%.905-10.93-10%.955-10.98-102.005-102.03-102.055-103.08-102.105-10°

(0)
Limats2 (“im2015_Canny.tif”)
] -

k

0

(0)
Limats (“im2015_Canny.tif”)

(0)
P (“im2015_Canny.tif”)
*

v

0

FEllipseX (“im2015_Canny.tif”)

(0)
Limats3 (“im2015_Canny.tif”)
[ ]

0

v

(1)
—Limits2 (“im2015_Canny. tif”)
» -

k

»

1

®
—Limats (“im2015_Canny.tif”)

1

(1)
-P (“im2015_Canny.tif”)

J

—EllipseY (“im2015_Canny.tif”)

1

(1)
—Limits3 (“im2015_Canny.tif”)
®



SetMaxMin — Out_

contet , 0 i,0

SetMaxMin — Qut_

contei , 1 i, 1

SetMaxMin — Qut_

contet , 2 i, 2

SetMaxMin «— Qut

contei , 3

7,3

contei «— contei+1

contet«—0
for 72 € 0..rows (Out) -1

SetExtra — Qut_ .

contei , 0

SetExtra A Out

contei ,

SetExtra = Out

contei ,

SetExtra —Out

contet , 3

1,3
contet — contei +1
Sai+[0 0 0 0]
formme0..3

cl—0
for m € 0..rows (SetEwtm) -1

cl,1 cl,2
cl—cl+1

if c1>0
gl < csort (gl , 2)

Sai — stack (Saz' , gl)

Saz +— stack (Sai ,SetM axMin)

Out3 « csort (Out3 , 3)
maxDist < max (Out3<2)>
for pp € 0..100

forn € 0..rows (Out3) -1

try

Limits <+ Out4
Y o Timnitol0)

Out4 A Out3 ,Tpp- 1.sin (Out3

Out3 « submatrix (Sai ,1,rows (Sai) —-1,0, 3)

Out4 o Out3 o +pp-1l-cos (Out?) .

,3

11 kU(:'LU'ILy kU'l,LL” 0 5 LATILLLS® ) /noelorny kU'l,LL” 1 3 LATILLLS® )) -1
i, i,

if (belong (Out” o Limits@) Abelong (Out” g Limitsm)) =0

if (mm) <90< SetExtra < (mm + 1) <90
m,3

[gl - gl gl gl ) 3]<—[SetEwtra . SetExtra ) SetExtra , SetExtra ,

gl «— submatrix (gl,rows (gl) —1—min (8,r0ws (gl) — 1) ,TOWS (gl) - 1,0,3)

belong (522 , Limits (“im2015_Canny.tif”)(0)> =0



Y — Limits(1>
forz € 0..rows (Limits) -1

L —-X?

forz e 0..rows(Limits)—1
[A, A A A A ]<—[X'-Y, Y2 XY 1]
1,0 7,1 1,2 1,3 1,4 7 7 7 7 7

)

Ele(AT.4) -(4".I)
Bl ElL El
0 2 3
1 — El
2 r 2 2 4

[ABCDF G|«

if B=OANA<C
6020

else

if B=EOAA>C
020

else

if BAFOANA<C

92<—l-atan 2-B
2 A-C

else
if BAFOANA>C

02 <—£+i-atan 2-B
2 2 A-C

C-D-B-F
(_—
B*—-A.C
A-F—-B-D
B>—A.C

x0

Y0 —

(A-F*+C.D*+G.-B*-2-B-D-F—A-C-G)

a— |2

(B? —,ax-(,*)-(\/(A—c)2 +4.B —(A+C))

b o (A-F*+C-D*+G-B*-2-B-D-F—-A-C-G)

(B? —}1-(,*)-(—\/(,&1—0)2 +4.B’ —(A+C))
62
z0
El—|y0
a
b
if Im (92) =Im (mO) =Im (yO) =Im (a) = Im(b) =0
Ok — pp
if TestaPontos (Out4 , im) =0

Outd — Out4
break

D] an

TestaPontos (Limits2 (“im2015_Canny.tif”) , “im2015_Canny.tif”) =352

»

—1.16-10%4

—1.185-10°%4

—1.21-10%4

—1.235-10%4

—1.26-10%4

—1.285-10°+

—1.31.10%4

—1.335-10°%1

—1.36-10%4

—1.385-10%4

—1.41-10%4

—1.435-10°4

—1.46-10%4

1.83-101.855-101.88-101.905-101.93-101.955.101.98-10%2.005-10%.03-10%.055-10%.08-10%.105-10°

(0)
Limits (“im2015_Canny.tif”)

(0)
Limits2 (“im2015_Canny. tif”)
» - a

(0)
k P (“im2015_Czi,nny.tif”)

EllipseX (“im2015_Canny.tif”)

(0)
Limits3 (“im2015_Canny.tif”)
» [ ]

1
—Limits2 (“im2015_Canny.tif”)
[ ] -

k

»

1

(1)
—Limiats (“im2015_Canny.tif”)

1
-P (“im2015_Canny.tif”)
*

)

—EllipseY(“im2015_Canny.tif”)

1
—Limits3 (“im2015_Canny.tif”)
[ ]

1

1



Out4

wiov

contasaida — contasaida + 1
if contasaida>5

Outd <+ Out3
I break

else

H continue

on error

continue

QuaisPontos (Limits2 (“im2015_Canny.tif”), “im2015_Canny.tif”) =

2.037-10°
2.038-10°
2.039-10°
2.04-10°
2.037-10°
2.04-10°
2.036.10°
2.04-10°
2.036.10°
2.04-10°
2.037-10°
2.04-10°

1.26.10°
1.26.10°
1.26-10°
1.26-10°

1.261-
1.261-
1.262-
1.262-
.10°

1.263

1.263.
1.264-
.10°

1.264

10°

10°
10°

10°




EllipseParam3 (im) :=

Limits <+ Limats3 (zm)

X — Limits®

Y « Limits™

forz € 0..rows (Limits) -1
L «— —Xf

for: € 0..rows (Limits) -1

[A, A A A A ]<—[X,-Y‘ Y2 XY 1]
2,0 7,1 1,2 1,3 i,4 7 7 7 7 7

) ) )

Bl (AT-4) -(4™-L)
El ElL EI
0 2 3
El El

[ABCDFG||1
2 12 2 4

if B=EOANA<C
620

else

if B=OANA>C
020

else

if BFOANA<C

02 <—l-atan 2-B
2 A

else
if BFOAA>C

92<—1+i-atan 2-B
2 2 A-C

if 02<0

02—62+2-7
C-D—B-F
B*—A.C
A-F—-B-D
B> —-A.C

x0 «—

Y0

) (A-F*+C-D*+G-B*-2.B-D-F—-A.C-G)

a <—
2
(B —A.C).(\/(A—C) +4.B? —(A+C))
(A-F*+C-D*+G-B*-2-B-D-F—A-C-G)
b—y4[2- -
(B* —A-C>-(—\/(A—C) +4.B? —(A+C))
62
x0
y0
a

FEllipseX3 (zm) :=|| EP «— EllipseParam3 (zm)

[6 20 y0 a b]<—[EP EP EP EP EP]
0 1 2 3 4

fort€0..360

Out «<—a-cos|t-
t 180

i )-cos(G)+b-sin(t-L) -—sin(9)+w0
180

Out

EllipseY 3 (im):= || EP « EllipseParam3 (im)

—1.195-10%+

—1.22-10%+

—1.245.10%+

—1.27-10%+

—1.295-10%+

—1.32.10%+

—1.345-10%+

—1.37-10%+

—1.395-10%+

—1.42.10%+

—1.445-10%+

—1.47-10%+

[6 20 y0 a b]<—[EP EP EP EP EP]
0 1 2 3 4

fort €0..360

Out <—a-cos(to i )°(sin(9))+b~sin(t- 7
¢ 180 180

)-cos(@) +90

Out

»

1.825.10845-10865- 1088510905 10925 10945. 10965 10985 12:H05- 12:025. 12:D45- 12:H65. 103

g ()
—Limats (zmage)
—FllipseY 3 (image)
. (1)
—P (zmage)
—FEllipseY (image)
—testel!
> ® 4
o (0)
Limats (zmage)
FEllipseX3 (image)
) (0)
P (zmage)
b * J
FEllipseX (image)
testel”)
» [ ] (]



ILe]

ImageFEllipse (zm) =

EP «— EllipseParam3 (zm)

[6 20 40 a b]«—[EPO EP EP EP, EP4]

fort € 0..3600

Out2
1mO01

Out <« trunc|a-cos t-L -cos(9)+b-sin t-—ﬂ— -—sin(9)+x0
t,0 1800 1800

Outt 1 trunc (a * COS (t . 1:%) -(sin(8))+b-sin (t . 187:)6) -cos(0) + yO)

forte 0..rows(0ut)—2
if Out =O0ut AOut =O0ut
t,0 t+1,0 t,1 t+

1,1

continue

else

Out2 «— Outt

count , 0 0

Out2 «— Outt

count, 1 s

count «—count+1

«—1m01-0

fort e 0..rows (Out2) -1

1m01

1mO01 «— 255

Oout2 ,Out2.
1,1 i,0

PrintEllipses (iml , imZ) :=|| E1 +— ImageFEllipse (z’ml)

ET—F1

WRITEBMP (concat (CWD ,“\”, substr (iml ,0,14), “_Ellipse.tif”) ,ET)

CWD = “C:\PhD\2015\00 Papers\Paper 2 — Amazon River\04 — Outputs Mathcad\Canny v2”

PrintEllipsesTFW (im1,im2) = | WRITETEXT (concat (CWD, “\”, substr (im1,0,14),“_Ellipse.tfw”), READEXCEL (“HeaderTFW.xlsx"))



Results:=

11951 1825 1845 1865 1885 1905 1925 1945 1965 1985 2005 2025 2045 2065 -
1220+
1245+
1270+
1295+
1320+
1345+
1370+
1395+
1420+
1445+
1470+

4

(0)

Limats (image) €

ol (0)
Limats2 ('Lmage)
» . «

(0) v

b

P (image)
*

k

[ PrintEllipses (“im1986_Canny.tif” , “im1986_Canny.tif”)
PrintEllipses (“im1987_Canny.tif” , “im1987_Canny.tif”)
PrintEllipses (“im1996_Canny.tif” , “im1996_Canny.tif”)
PrintEllipses (“im2000_Canny.tif” , “imQOOO_Canny.tif”)
PrintEllipses (“im2006_Canny.tif” , “im2006_Canny.tif”)
PrintEllipses (“im2008_Canny.tif” , “im2008_Canny.tif”)
PrintEllipses (“im2013_Canny.tif” , “im2013_Canny.tif”)
PrintEllipses (“im2014_Canny.tif” , “im2014_Canny.tif”)

| PrintEllipses (“im2015_Canny.tif” , “im2015_Canny.tif”)

—1220+
—1245+

—1270+

(1) —1295¢

—Limaits (image) —1320}

—1345+

. . . (1> —1370+

—Limats2 ('Lmage) 13951

¢ ¢ —1420+

_P(image)"”

,'(g 3 ~1470+
—FEllipseY (image)

o ()
—Limats3 (zmage)
*

—FllipseY 3 (image)

EllipseX (image)

o (0)
Limats3 ('Lmage)
b *

FEllipseX3 (image)

[ “im1986_Canny.tif” ]
“im1987_Canny.tif”
“im1996_Canny.tif”
“im2000_Canny.tif”
“im2006_Canny.tif”
“im2008_Canny.tif”
“im2013_Canny.tif”
“im2014_Canny.tif”

| “im2015_Canny.tif” |

tmagens:=

PrintEllipsesTFW (“im1986_Canny.tif” , “im1986_Canny.tif”) ]
PrintEllipsesTFW (“im1987_Canny.tif” , “im1987_Canny.tif”)
PrintEllipsesTFW (“im1996_Canny.tif” , “im1996_Canny.tif”)
PrintEllipsesTFW (“im2000_Canny.tif” , “imZOOO_Canny.tif”)
PrintEllipsesTFW (“im2006_Canny.tif” , “im2006_Canny.tif”)
PrintEllipsesTFW (“imQOOS_Canny.tif” , “im2008_Canny.tif”)
PrintEllipsesTFW (“im20 13_Canny.tif”, “im20 13_Canny.tif”)
PrintEllipsesTFW (“im20 14_Canny.tif”, “im20 14_Canny.tif”)
PrintEllipsesTFW (“im2015_Canny.tif” , “im2015_Canny.tif”) ]

tmage = “im2014_Canny.tif”

1 1825843863888903925 943963 982002022042065

—1195+

»
>

o ()
—Limits (zmage)
o ()
—Limats2 (zmage)
» *
. {1
—-P (zmage)
PPN * ) ’
Limits (image ) —EllipseY (image)
Limitsa (i () M)
 Limits2 ('ermge) ) - Limits3 (@mge)
P (image)<0) —FEllipseY3 (image)
FEllipseX (image)
o (o)
Limits3 (image)
* v
FEllipseX3 (image)
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1190+

1225+

1260+

1295+

1330+

1365+

1400+

1435+

1470+

1830 1855 1880 1905 1930 1955 1980 2005 2030 2055 2080 2105
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Limits (“im2015_Canny.tif”)

(0)
Limits2 (“im2015_Canny.tif”)
’ .

(©)
P (“irn2015_Canny. tif”)
*

k J

EllipseX3 (“im2015_Canny.tif”)

(0)
Limits3 (“im2015_Canny.tif”)
4 *

EllipseX(“im2015_Canny.tif”)

v

4

k

(1)
—Limits3 (“im2015_Canny.tif”)
r *

1

{®
—Limits (“im2015_Canny.tif”)

1

(1)
—Limits2 (“im2015_Canny.tif”)
.
1

(1)
-P ( “im20 15_Canny.tif”)
*

’

—FEllipseY 3 (“im2015_Canny.tif”)

1

—FEllipseY ( “im2015_Canny. tif”)

indice :=2

image2 :=1magens
indice
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P (z'mageQ)(0>

EllipseX3 (image2)

(0)
Limats3 (image2)
k *

EllipseX (image2)

4

image2 =“im1996_Canny.tif”

®

—Limats (image2)

1

—Limits2 (image2)
.

1

-P (image2)
—FEllipseY 3 (image2)
e (1
—Limats3 (zmage2)
*

—FEllipseY (image2)




X2:=P (image)
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X1:=Limaits (image)
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ymax:=1570
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Y2:=—P(image)

image:=“im1986_Canny.tif”
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o (0)
X1:=Limats3 (zmage)

Y1:=—Limats3 (image)
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1200+
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1740 1770 1800 1830 1860 1890 1920 1950 1980 2010 2040 2070
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&
o (1)
—Limats (zmage)
(1)
—Limats2 (image)
’ . <
. (1)
—P (zmage)
k * J
—FEllipseY (image)
(0)
Limats (image) —teste
] * L]
o (0)
Limats2 (zmage)
» ° <
(0)
P (image)
k * J
EllipseX (image)
testel”
] - L
EllipseQuad (im) := || Limits «—im
X « Limits"” rows (imagens) =9
Y «— Limits"
fori e 0..rows (Limz'ts) -1
L+—-X?
fori e 0..rows (Limits) -1
[A, A A A A ]<—[X,-Y‘ Y2 XY 1]
2,0 7,1 1,2 1,3 1,4 7 7 1 % 7
El—(A".A4) -(A".L)
magens =
E86:=FEllipseParam3 (imagenso) E87:=FEllipseParam3 (imagensl) FE96:= EllipseParam3 (imagensz)

[ “im1986_Canny.tif” |

“im1987_Canny.tif”
“im1996_Canny.tif”
“im2000_Canny.tif”
“im2006_Canny.tif”
“im2008_Canny.tif”
“im2013 Cannv.tif”




“1m2014_Canny.tit”

E00:=FEllipseParam3 (zmagensg) E06:= EllipseParam3 (zmagens4) E08:=EllipseParam3 (zmagens5 “m2015_Canny. tif”
E13:=FEllipseParam3 (imagensﬁ) FE14:=EllipseParam3 (imagens7) E15:=FEllipseParam3 (imagenss)
2.212 ] [ 2.297 ] 2.091 2.196 2.174 2.064
1.822.10° 1.847.10° 1.863.10° 1.866.10° 1.908-.10° 1.901-10°
E86=| 1.459.-10°| E87=| 1.442.10°| E96=| 1.416-10°| E00=| 1.404-10°| E06=| 1.369-10° | E08=| 1.386-10°
119.286 147.136 141.72 132.216 167.476 148.585
| 57.172 ] | 66.53 ] 75.947 70.912 77.534 88.686
5.515 ] [ 2.236 ] [ 2.187
1.933-.10° 1.937-10° 1.96-10°
E13=| 1.363-10° | E14=| 1.334.10° E15=| 1.296.10°
148.37 160.262 203.306
| 80.956 | | 65.725 | | 59.326
[E86 | [ E86 | [ £86 | [ £86 | [ E86 |
1 2 0 3 4
E87 ] ) E87 E87 ES87 E87
1 0 2 0 3 4
E96 352 E96, E96_ E96, E96,
E00 3696 E00 E00 E00 E00 126.731 0 1986
1 5168 1 2 oy 3 1 131.61 352 1986
X0:=|E06 |-30  Time:=| 7405 |-—— Y0:=|E06 |-30 60:=|E06 |-—— a0:=| E06_|-30  b0:=| E06 |-30 119.785 3696 1986
03 7984 | 365 03 o deg o8 o8 125.795 5168 | | |1986
1 9936 2 0 3 1 00=|124.57 Years:=| 7405 |-——+| 1986
E13 10288 E13 E13 E13 E13 118.251 7984 | 365 |1986
! 10632 | ? 0 ’ ! 315.963 9936 1986
El4 El4 El4 El4, El4, 128.124 10288 1986
B15. B15, B15, Bl5. B15, | 125.303 | 10632 | | 1986 |
X0 —min(XO) YO0 —min(YO) 60 min(OO) [ a0 —mzn(aO)_ b0 —min(bO)-
X0 —min(XO) YO0 —mun (YO) 60 min(OO) a0 —mzn(aO) b0 —min(bO)
X0 —min(XO) Y0 —min (Y()) 60 min(QO) a0 —mm(aO) b0 —min(bO)
X0 —min(XO) YO —min(Y()) 60 —min(QO) a0 —mm(aO) b0 —min(bO)
3 3 3 3 9
AX0:=| X0 —min(X0) | AY0:=|Y0 —min(Y0)| A00:=|60 —min(60) | Aa0:=|ad —min(a0)| AbO:=|b0 —min(b0) corr (Time ,X0) =0.936
. . . 3 . )
X0 mm(XO) YO mzn(YO) 60 mm(GO) a0 mm(aO) b0 mm(bO) corr(Time,YO) —0.883
X0 —mm(XO) YO —mz’n(YO) 60 min(QO) a0 —mm(aO) b0 —min(bO) 9 0.13
corr (Time.00) =0.107
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2

corr (Time , aO) =0.47

corr (Time , bO) =0.092

2

»

b0

bo

[3.579.10°
4.414.10°
4.252.10°
3.966-10°
5.024-10°
4.458.10°
4.451.10°
4.808-10°

6.099-10°

[ ]
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60

60

Time=
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01:=

[ E86 |

E87
E96
EO00
E06
E08

a2:=
b2:=
02_min:= (min (mean (91) +2.stdev (91) ,max (91))) -deg=2.297

[E86 ] [E86 ]
3 4
E87 E87
3 4
FE96 FE96
1 3 4
— al:= <30 bl:= <30 A:=
deg E00 E00
3 4
FE06 FE06
3 4
E08 E08
3 4
10632

min (mean (al) +2.stdev (al) ,max (al)) =5024.289
min (mean (bl) +2.stdev (bl) ,max (bl)) =2660.586

[ Timel 1]
Tz'mel1 1
Timel2 1
Timel3 1

Timel4 1

Timel5 1

2

corr (Timel,X1) =0.903
corr(Tﬁnel,yq)Q:A1938
corr(rmne1,91)2=(L464
corr (Timel , al)2 =0.389

corr (Timel , bl)2 =0.785

a08:61099-103

02_max:= (max (mean (91) —2.stdev (91) , Min (91))) -deg=2.064

Rear ion redi i t 2013, 2014 and 201
[E86 | [ E86 |
1 2
E87 0 E8T7,
E96, ;ﬁg; , E96,
X1:= .30  Timel:= e Yl:= .30
E00, 5168 | 365 E00_
B 7405 5
06, | 7984 06,
E08 E08
1 2
0 | 1986 ]
352 1986
Yearsl | 3696(._1 1986
5168 | 365 | 1986
7405 1986
| 7984 | 1986 |
-1
Xlcoef:=(A"+4) -(AT.x1)=|_ 99398
54923.265

-1
Yicoef=(AT-A) -(AT-Y1)= [4;;23:823]

352
3696
5168
7405
7984
9936

10288

10632

Time=
365

X2_15:= Time8 -choef0 —I—choef1 =57818.596
Y2_15:= Time8 . choef0 + choef1 =40499.102
X2_14:= Time7 -choefo +choef1 =57724.917
Y2_ 14:= Time7 . choefo + choef1 =40598.14
X2_13:= Time6 -choef0 +choef1 =57629.06

Y2 _13:= Time6 . choef0 + choef1 =40699.482

r - — —

X08: 58807.686
Y08: 38888.498
XO7 =58110.375
YO7 =40021.009
XO6 =57986.679

Y06:40882.958

[ X2 15

boS:],.78-103

X2_15—-X0 =-989.09
Y2_15—-'Y08:1.611-103
X2_14—X0 =-385.458
Y2_14-Y0 =577.131
X2_13-X0 =-357.62

Y2 13— YO6 =—183.477

Y2 15 a2 b21



ImageFEllipsel5_min :=

ImageFEllipseld_min :=

[9 z0 y0 a b]<—[92_min
fort € 0..360-60

Outt o trunc (a «COS (t .

Outt L trunc (a - COS (t .

forteo0 ..rows(Out)—Z
if Out =0ut
t,0 t+1

continue
else

Out2 «— QOut

count , 0 t,0

«— Out

count, 1 t,1

Out2

count «—count+1

Out2

1m0l «—+m01-0

forz € 0..rows (Out2) -1
«— 255

Out2.
i,0

1mO01
Out2. o

1m01

[6 20 y0 a b]<—[92_min
fort €0..360-60

Outt o trunc (a «COS (t .

Out

«— trunc (a-cos t.
t,1

fort € 0..rows (Out)—2
if Out =0ut
t,0 t+1

continue
else

Out2 — Out

count , 0 t,0

Out2 — Outt )

count, 1

count «— count+1

Out2
1m0l «—1m01-0
forz e 0..rows (Out2) -1

«— 255

H 1mO01
, Out2 )

1m01

Out2 .

X2_15

Y2 15 a2 b2

s
18060

18060

AOut
,0 t,1

= QOut

X2_14

30 30 30

)-cos(9)4-b-sn1(t.
)-@hﬂ@»+ﬁ-ﬂn&-

t+1,1

T
180-60

180-60

AOut
,0 t,1

= Out

Y2 14 a2 b2
30 30 30

)-cos(9)+b-sin(t-

)-@nﬂ@»+ﬁ-ﬁnﬁ-

t+1,1

180-60

180-60

ImageFEllipsel5_max :=

)n—ﬁn(9)+xo

———|-cos(6) +y0
180-60) cos(6)+ )

ImageFEllipseld_max :=

) -—sin(0) +z0

L 0
12060 Cos( )+y0)

[9 z0 y0 a b]<—{92_mam

fort €0..360-60

Out

t,0

Out

t,1

forte O..rows(Out)—Z
if Out =O0ut
t,0 t+1

continue
else

Out2 — QOut

count , 0 t,0

Out2 «— Outt )

count , 1

count «—count+1

Out2
1m01 —im01-0
fort e 0..rows (Out2) -1
1mO01 «— 255
OutZi. o Out2i~O
1mO01

[6 20 30 a b]<—[
fort €0..360-60

Out o trunc (a cos (

Out L trunc (a cos|t-

fort € 0..rows \Out\
if Out =O0ut
t,0 t+1

continue
else
Out2

count , 0

Out2

«— Out
£,0

«— Out

count , 1 t,1

count «— count+1

Out2
1m0l «—1m01-0
fort e 0..rows (Out2) -1

| imo1 <255
| S

1mO01

Out2
i,1

ImageEllipsel?;_maa:::H [9 z0 y0 a b]<— 02_max

«— trunc (a *COS (t .

«— trunc (a *COS (t .

AOut
,0 t,1

AOut
,0 t,1

X2_15 Y2 15 a2 b2
30 30 30

)»—ﬁn(9)+x0

)-COS(G)+b-sin(t-7
18060

)-@hﬂ@”+ﬁ-ﬂn&-

18060

os(@)4—y0)

- — |.c
180-60 180-60)

=QOut

t+1,1

X2_14 Y2 14 a2 b2
30 30 30

)-cos(6)+b-sin(t- )-—sin(9)+w0

T
18060

) (sh1(9))4—b-shl(t-

180-60

)-cos(9)+y0

18060 180-60

= QOut
t

+1,1

a2 b2

X2_13 Y2_13
N

2N AN 2N



ImageFEllipsel3_min :=

PrintEllipses15_man :=

X2 13 Y2_13 a2 b2
30 30 30

[9 z0 y0 a b]<—[92_min
fort€0..360-60
Outt 0<—trunc (a-cos (t-

)-cos(9)+b-sin(t- )-—sin(9)+w0

180-60

)-(sin(e)) +b-sin (t-

s
18060

18060

Out <«trunc|a-cos|te———
t,1 180-60

forteo0 ..rows(Out)—Z

if Out =0ut AOut =0ut
t,0 t+1,0 t,1 t+1,1

continue

else
Out2 «— Outt

count , 0 0

Out2 «— Outt

count,1 s

count «—count+1

Out2
1m0l «+—1m01-0
forz e 0..rows (Out2) -1

1m01 «— 255
Out2i I,Out2i o

1m01

E1+ ImageFEllipsel5_min
ET —FE1
WRITEBMP (concat (CWD N\, “EllipseEst15_min.tif”) , ET)

) -cos(6) + yO)

PrintEllipses15_max :=

L-

fo

fo

T T 30
rte0..360-60

Out o trunc (a - COS (t .

)

18060

Out <«trunc|a-cos|te———
t,1 180-60
rte O..rows(Out)—Z

if Out =O0ut AOut =0ut
t,0 t+1,0 t,1 t+

continue
else
Out2 «— Outt

count , 0 0

Out2 «— QOut

count , 1 t,1

count «—count+1

Out2
1m0l «+—1m01-0

fo

rie O..rows(Out2)—1
1m01 «— 255

Out2  ,Out2.
i,1 i,0

1m01

E1+ ImageFEllipsel5_max
ET —FE1
WRITEBMP (concat (CWD N\, “EllipseEst15_max.tif”) , ET)

PrintEllipsesTFW15_mian:= H WRITETEXT (concat (CWD N\, “EllipseEst15_min.tfw”) ,READEXCEL (“HeaderTFW.xlsx”))

PrintEllipsesTFW15_max := H WRITETEXT (concat (CWD N\, “EllipseEst15_max.tfw”) ,READEXCEL (“HeaderTFW.xlsx”))

PrintEllipses14_min:= || E1 < ImageFEllipsel4_min

ET+—FE1
WRITEBMP (concat (CWD ,“\", “EllipseEst14_min.tif”) ,ET)

PrintEllipsesl4_max:=| E1 «— ImageEllipse14_max

ET+—FE1
WRITEBMP (concat (CWD ,“\", “EllipseEst14_max.tif”) ,ET)

PrintEllipsesTFW14_min := || WRITETEXT (concat (CWD, “\”, “EllipseEst14_min.tfw”) , READEXCEL (“HeaderTFW.xlsx"))

PrintEllipsesTFW14_max := || WRITETEXT (concat (CWD, “\”, “EllipseEst14_max.tfw”) , READEXCEL (“HeaderTFW.xlsx"))

CWD = “C:\PhD\2015\00 Papers\Paper 2 — Amazon River\04 — Outputs Mathcad\Canny v2”

)-COS(G)+b-sin(t-

)-(sin(e))+b-sin(t-

30 30 30|

) -—sin (6) + 0

180-60

——|-cos(6) +y0
180-60) cos(6)+

1,1



PrintEllipses13_min:= || E1 < ImageFEllipsel3_min PrintEllipses13_max:=| E1 «— ImageEllipse13_max
FET—F1 ET—F1

WRITEBMP (concat (CWD, “\”, “EllipseEst13_min.tif”) , ET) WRITEBMP (concat (CWD, “\”, “EllipseEst13_max.tif”) , ET)

PrintEllipsesTFW13_min = || WRITETEXT (concat (CWD, “\”, “EllipseEst13_min.tfw”), READEXCEL (“Header TEW.xlsx"))

PrintEllipsesTFW13_max := H WRITETEXT (concat (CWD N\, “EllipseEst13_max.tfw”) ,READEXCEL (“HeaderTFW.xlsx”))

ImageEllipsel5_real:=|[6 20 y0 a b]« 'E150 E15 E15 E15 E154]
fort€0..360-60
T . T .

Out <«—a-cos|te—— -cos(G)-l—b-sm to—— -—s1n(9)+:c()
t,0 180-60 180-60

Out « trunc (Out )
t,0 t,0

Out «—a-cos|te— -(sin(@))+b-sin teo—— -Cos(9)+y0
t1 18060 18060

Out <« trunc(Out )
t,1 \ t,1)

forte0 ..rows(Out)—2
if Out =0ut AOut =O0ut
t,0 t+1,0 t,1 t+

3 1,1
continue
else

Out2 — Outt .

count , 0

Out2 — Outt )

count,1

count < count+1

Out2
1m0l +—1tm01-0
forz e 0..rows (Out2) -1

|imo1 — 255
” Out21 ],Out21 )

1m01

PrintEllipses15_real:= || E1 +— ImageFEllipsel5_real
ET+—FE1
WRITEBMP (concat (CWD ,“\", “EllipseEstl5_real.tif”) , ET)

PrintEllipsesTFW15_real := || WRITETEXT (concat (CWD, “\”, “EllipseEst15_real.tfw”) , READEXCEL (“HeaderTFW.xlsx"))



ImageFEllipsel4_real :=

PrintEllipsesl4_real:=

[6 20 y0 a b]—[E14 E14 El4 El4 E14]
fort €0..360-60

|
Out  «—a- cos(t )-cos(9)+b-sin(t-

180-60
Out o trunc (Ou

to— 0))+b.sin|t-
( T )+ (sin(0)) sm(

Out «— trunc (Out )
t,1 t,1

)

forteO ..rows(Out)—Z
if Out =0ut AOut =0ut
t,0 t+1,0 t,1

t+1,1

continue
else
Out2 — Out

count , 0 t,0

Out2 «— Outt .

count , 1

count «—count+1

Out2
1m0l «<—1m01-0
forz € 0..rows (Out2) -1

1m01 «— 255
Out2. 1’OUt2' o

1m01

E1+— ImageFEllipseld_real
ET—F1

) -—sin (6) + 0

———|+cos(6)+y0
180-60) cos(6)+y

I WRITEBMP (concat (CWD N\, “EllipseEst14_real.tif”) , ET)

ImageFEllipsel3_real :=

[0 20 y0 a b]«—[E13 E13 E13 E13 FE13 ]
fort €0..360-60

|
Out  «—a- cos(t )-cos(9)+b-sin(t-

180-60
Out o trunc (Ou

Out «— trunc (Out )
t,1 t,1

)

forteO ..rows(Out)—Z
if Out =O0ut AOut =0ut
t,0 t+1,0 t,1

t+1,1

continue
else
Out2 — Outt .

count , 0

Out2 «— Outt .

count , 1

count «—count+1

Out2
1m0l «<—1m01-0
forz € 0..rows (Out2) —

1m01 «— 255
Out2. l,Outh 0

1m01

PrintEllipsesTFW14_real := H WRITETEXT (concat (CWD N\, “EllipseEst14_real.tfw”) ,READEXCEL (“HeaderTFW.xlsx”))

PrintEllipses13_real:= || E1 +— ImageEllipsel3_real

ET—F1

WRITEBMP (concat (CWD, “\”, “EllipseEst13_real.tif”) , ET

PrintEllipsesTFW13_real:=|| WRITETEXT (concat(CWD, “\”, “EllipseEst13_real.tfw”), READEXCEL (“HeaderTFW.xlsx"))

) -—sin (6) + 0

7T
Out te 6))+b-sin|t-————|-cos(8)+y0
<—a COS( 180~ 6()) Sll’l( )) Sll’l( 180.6()) COS() Yy



9050

3650
3250+
78501
7450+
7050+
65650
6250+
58501
5450+
5050+
1650+

6300+
65050+
5800+
5550+
5300+
5050+
4800+
4550+
4300+
4050+
3800
35501

2013, 2014, 2015

Years6 Yea,rs7 Yearss]

Year36 Years7 Year38

A A A
1 43850 335
o 43350+ 315 [ ]
19501 295
o 390)
41850+ 255 61
235 —_——
X1 41350+ Y1 ;:)
i3]
e——k—— 40850 L] —— 195 [906 907 90 ]
1035Q4 - 8
X0 X0,X . YO YO0 YO |® ) .
6 3p8507 6 7 8 |55
» 3507 » ® 39 i’*\_‘_/—*——N e
38850 115
“““““‘;[X2_13X2__“_““““‘= [Y2_13Y2_14Y_“““““‘;
1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 1986 1989 195)) 1995 1998 2001 2004 2007 2010 2013 2016 1986 1J€)89 1992 1995 1998 2001 2004 2007 2010 2013 2016
Yearsl Yearsl Yearsl
——— — —_
[ Years Years7 Years | [ Years Years7 Years | [YGC”“SG Years7 Year38
6 8 6 8
» ° « » ° « » L ]
A A
2665
L4 2570
2475
[ ]
2380
2285
o al 2190 bl
—— 2095 ——
[ ] .
2000
[a0 a0 a0 ] . . [b0 b0 b0 |
| ¢ 7 8 | 1905 | 6 7 8]
» ° « 1810 ° » ™ «
1715
» a2-[11 1] » b2-[11 1]
1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016
Yearsl Yearsl
— —_—

62_min-[1 1 1].-deg™

62_max - [ 11 1] . deg_1



0
352
3696
5168 1
Time:=| 7405 | ——
7984 | 365
9936
10288
| 10632 |
o
1
1
1
Time’:=augment | Time, | 1
1
1
1
-1.
[0.269]
0.365
1.276
1.677
EstX:=Time’- Xcoef=|2.286
2.444
2.975
3.071
| 3.165 |

[E86 |

E87
E96
EO00
E06
EO08
E13
E14

E15

«30 N1:=

Aa:=augment

[ £86 |

E87
E96
E00
E06
EO08
E13
E14

E15

352
3696
5168
7405

| 7984 |

+—30

La:==

365

EstY :=Time’-Ycoef =

-30

I o e T S =
. .

[0.215]
0.317
1.279
1.703
2.347
2.514
3.076
3.177

3.276 |

Lb:==

E86 —min(N1)-—30"
2
E87 —min(N1)--307"
2
E96_—min(N1).—30""
’ .—30
E00 —min(N1)-—307"
2
E06_—min(N1).—30""
2
E08 —min(N1)-—30""
2
1000
El:==
_[0.099
~10.269
0.105
0.215

E86 —min(E1)-307" E86 —min(N1)-—307"
1 2
E87 —min(E1)-307" E87 —min(N1)-—30""
E96 —min(E1)-307" E96_—min(N1)-—-30""
E00 —min(E1)-307" E00 —min(N1)--307"
E06 —min(E1)-307"|-30 E06_—min(N1)-—-30""[-—30
E08 —min(E1)-30" E08 —min(N1)--30""
E13 —min(E1)-307" E13 —min(N1)--30""
E14 —min(E1)-307" E14 —min(N1)--307"
E15 —min(E1)-307" E15 —min(N1)--30""
1 N1l 2




2

EstX —EstX_ corr (Aa”, La) =0.903

- - =0.099
sze5 - szeo

2.187

1960.256
E15=|1296.283
203.306

59.326

[ . X215 Y2.15 a2 b2
02_min

== 2 1=[2.297 1927.287 1349.97 167.476 88.686]
30 30 30

X2_15 Y2_1 2 b2
02_mag 22=10 Y215 02 D211, 064 1997.287 1349.97 167.476 88.686]
30 30 30
/ ) 2\.5
\(1960.256 — 1927.287) +(1296.283—1349.97) | -30=1890.059
2.187-2.207 ...
deg
2. —2.
187 —2.064 — 7 047
den

2

EstY —EstY corr (Aa, Lb) =0.938

=0.105

Time5 — Time0

30

2.236
1937.013
E14=|1334.034
160.262
65.725
X2 14 Y2 14 a2 b2
02_min as 02 =[2.297 1924.164 1353.271 167.476 88.686|
30 30 30
X2 14 Y2 14 a2 b2
02 _mazx as 0z =[2.064 1924.164 1353.271 167.476 88.686]
30 30 30 30
5 2\.5
\(1937 013—-1924.164) +(1334.033—1353.271) ) -30=694.03
2.236 — 2.297 3405
deg
2.236 —2.064 _0.855

den



deg - deg

5.515
1932.889
E13=|1362.765
148.37
80.956

X2 13 Y2_13 a2 b2

02_min —_— — :[2.297 1920.969 1356.649 167.476 88.686]
30 30 30 30

X2 13 Y213 a2 b2
02 maz ~2=13 Y213 02 D21y 64 1920.969 1356.649 167.476 88.686]
30 30 30 30

5

g (1362.765— 1356.649)2> -30=401.924

<(1932.889— 1920.969)

5:515-2.297 184.378  4.378
deg

5:515=2.064 100708 7708
deg



