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 d
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 d
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 d
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 c
ob

er
tu

ra
 d
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, p
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 d

e 
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a 
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 c
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A
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m

a 
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6)
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en

 l
a 

ob
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st
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tic
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gr

íc
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B
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ed
et
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y 

R
os
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ni
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19

93
; 
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zá
le
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y 
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va
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19
93

), 

pa
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va

lu
ar
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an
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o 
y 

cr
ec

im
ie

nt
o 
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 m

aí
z 

y 
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ya
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Th
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il 
et

 a
l.,

 1
99
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 D

au
gh

try
 e

t a
l.,

 

19
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) 
o 
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W

ie
ga

nd
 e

t 
al

., 
19

92
; 

G
up

ta
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99
3)

, s
itu

ac
io

ne
s 

de
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eq
uí

a 
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iu
 e

t 
al

., 
19

94
), 

ob
te

ne
r r

el
ac

io
ne

s 
en
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 e

l í
nd

ic
e 
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eg
et
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n 
de

 d
ife

re
nc

ia
 n

or
m

al
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ad
a 
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D

V
I) 
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la

 b
an
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té
rm

ic
a 
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an

 d
e 

G
rie

nd
 y

 O
w

e.
, 1

99
3;
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eñ
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00
7)

 c
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 la
 p

re
di

cc
ió

n 
de
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nd

im
ie

nt
o 

en
 m

aí
z 
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na
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n 
et

 a
l.,
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1,
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ia
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z 
et

 a
l.,
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00
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. 

 A
pl

ic
ac

io
ne

s 
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m
pl

et
as

 c
on

 e
st
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 m

ed
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s 
so

n 
ca

da
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ía
 m

ás
 f

re
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en
te

s. 
El
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on

oc
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ie
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o 
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 d
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le
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a 
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 d
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 d
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re
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. 
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l 
m
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úm
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m
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 c
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te
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a 

el
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 d
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an
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at
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po
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N
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tro
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 p
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, d
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 c
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 b
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r e
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 c
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 d
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 c
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 m
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s 
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m
át
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N
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 c
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 d
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 d
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 d
e 
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s c
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1.
 U

so
 d

e 
im

ág
en

es
 d
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 D
es

de
 la

 d
éc

ad
a 

de
 lo

s 
añ

os
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m
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 d
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 d
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 d
e 
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ud
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 m
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cá
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 d
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m
ás

 

pr
ec

is
a 

de
 á

re
a 

de
va

st
ad

a 
po

r i
nc

en
di

os
 fo

re
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 c
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 d
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e 
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 p
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 d
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 d
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 f
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 c
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 c
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 p
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 c
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pe
rf
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 d
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 c
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 d
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 d
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l d
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 d
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 p
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 D
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 d
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 d
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 d
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o 
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 c
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a 
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pe
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ic
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 c
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s c
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 d
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 d
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de
ra

, p
er

o 
sí

 e
xi
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 d
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to

 d
e 
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s 

cu
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s 

en
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u 
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m
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ne
 d

e 
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n 
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ec
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a 
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to
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u 
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liz
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n 
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fic
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a 
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de
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to
 d

e 
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pe
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ic
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 d
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cu
lti
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ta
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l 
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en
te
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 En
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éx
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N
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 d
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ec
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a 
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an
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ar
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ie
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de

 im
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 d
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 s
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 L
an
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, e
n 
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s 
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e 
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ta
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et
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; t
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 e

s 
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 d
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 e
st
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al
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o 
en
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C

el
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a 
de

l D
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to

 d
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R
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B
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n 
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l s
e 
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 u
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 e
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d 
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a 

cu
lti

va
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 d
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 9
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de

m
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 fu
e 
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e 

se
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ra
r 7

 c
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se
s, 

en
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 la
s 
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e 

se
 e
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ue
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ra
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ut
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 d
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en
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ci
én

 c
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 d
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 d
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l d
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m
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 p
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en
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ta
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s 
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en
es

 c
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ad
as

, a
l c
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ra
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ac

ió
n 
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 c
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, i
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ar
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gr

ó 
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a 
ef

ec
tiv

id
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 d
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 d
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itu
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 D
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 d
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ta
do

s 
y 

A
SE

R
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 C
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A
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ua
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 u
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 d
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ci
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 d
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 d
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te
n 

pe
nd

ie
nt

es
 

pr
on

un
ci

ad
as

 
la

s 
di

fe
re

nc
ia

s 
en

tre
 

su
pe

rf
ic

ie
 

ge
om

ét
ric

a 
y 

su
pe

rf
ic

ie
 r

ed
uc

id
a,

 q
ue

 e
s 

la
 q

ue
 s

e 
ut

ili
za

 a
l 

tra
ba

ja
r 

co
n 

ca
rto

gr
af

ía
 y

 S
is

te
m

as
 d

e 
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In
fo

rm
ac

ió
n 

G
eo

gr
áf

ic
a 

(S
IG

), 
pu

ed
en

 s
er

 im
po

rta
nt

es
. P

or
 e

llo
 la

 h
et

er
og

en
ei

da
d 

de
l r

el
ie

ve
 

(c
am

bi
os

 d
e 

pe
nd

ie
nt

e)
 e

s 
un

o 
de

 lo
s 

fa
ct

or
es

 q
ue

 a
po

rta
 m

ás
 v

ar
ia

nz
a 

y 
co

nf
us

ió
n 

es
pe

ct
ra

l 

en
 c

ua
lq

ui
er

 ti
po

 d
e 

im
ag

en
 c

ap
ta

da
 p

or
 u

n 
se

ns
or

 re
m

ot
o.

 E
n 

es
pe

ci
al

 la
s á

re
as

 m
on

ta
ño

sa
s, 

y 

el
 re

lie
ve

 a
br

up
to

 e
n 

ge
ne

ra
l, 

pu
ed

en
 a

fe
ct

ar
 d

e 
m

an
er

a 
im

po
rta

nt
e 

a 
la

 im
ag

en
 to

m
ad

a 
po

r e
l 

se
ns

or
 (S

al
va

do
r e

t a
l.,

 1
99

6,
 S

he
ph

er
d 

y 
D

ym
on

d,
 2

00
3)

.  

  4.
4.

 G
eo

m
át

ic
a 

 U
na

 d
e 

la
s 

ci
en

ci
as

 a
pl

ic
ad

as
 m

od
er

na
s 

di
sp

on
ib

le
s 

pa
ra

 e
l e

st
ud

io
 d

e 
la

 s
up

er
fic

ie
 te

rr
es

tre
 e

s 

la
 g

eo
m

át
ic

a.
 E

st
a 

di
sc

ip
lin

a,
 c

uy
o 

or
ig

en
 s

e 
en

cu
en

tra
 e

n 
la

 u
ni

fic
ac

ió
n 

pr
in

ci
pa

lm
en

te
 d

e 

ci
en

ci
as

 d
e 

la
 t

ie
rr

a 
y 

de
 l

a 
in

fo
rm

át
ic

a,
 c

on
si

st
e 

en
 u

na
 i

nt
eg

ra
ci

ón
 d

e 
da

to
s, 

m
ét

od
os

 y
 

te
cn

ol
og

ía
s 

pa
ra

 e
l e

st
ud

io
 d

el
 e

sp
ac

io
 g

eo
gr

áf
ic

o.
 L

as
 te

cn
ol

og
ía

s 
y 

ac
tiv

id
ad

es
 re

al
iz

ad
as

 e
n 

es
te

 á
m

bi
to

, 
co

ns
tit

uy
en

 l
os

 m
ed

io
s 

pa
ra

 a
dq

ui
rir

 y
 m

an
ej

ar
 d

at
os

 e
sp

ac
ia

le
s. 

És
to

s, 
so

n 

in
te

rp
re

ta
do

s 
y 

pr
oc

es
ad

os
 c

on
 v

ar
io

s 
fin

es
, 

ta
le

s 
co

m
o 

es
tu

di
os

 c
ie

nt
ífi

co
s 

y 
pl

an
ifi

ca
ci

ón
 

te
rr

ito
ria

l (
C

C
R

S,
 2

00
4)

. 

 D
en

tro
 d

e 
la

 g
eo

m
át

ic
a,

 e
xi

st
en

 c
on

ce
pt

os
 in

te
rr

el
ac

io
na

do
s 

qu
e 

pe
rm

ite
n 

en
te

nd
er

 la
 m

an
er

a 

de
 o

bt
en

er
 y

 p
ro

ce
sa

r, 
pa

ra
 f

in
al

m
en

te
 r

ep
re

se
nt

ar
 l

a 
in

fo
rm

ac
ió

n 
ob

te
ni

da
. 

En
 e

l 
m

ar
co

 

co
nc

ep
tu

al
 d

e 
es

te
 tr

ab
aj

o 
se

 a
bo

rd
ar

an
 c

ua
tro

 c
on

ce
pt

os
 e

se
nc

ia
le

s 
qu

e 
in

tro
du

ce
n 

en
 g

ra
nd

es
 

ra
sg

os
 a

l 
m

un
do

 d
e 

es
ta

 d
is

ci
pl

in
a:

 i
) 

Pe
rc

ep
ci

ón
 r

em
ot

a;
 i

i) 
Si

st
em

as
 d

e 
in

fo
rm

ac
ió

n 

ge
og

rá
fic

o 
(S

IG
); 

iii
) M

od
el

o 
de

 E
le

va
ci

ón
 D

ig
ita

l (
M

ED
) y

 iv
)  

Si
st

em
a 

de
 P

os
ic

io
na

m
ie

nt
o 

G
lo

ba
l (

G
PS

). 

  4.
4.

1.
 L

a 
pe

rc
ep

ci
ón

 r
em

ot
a 

 Pe
rc

ep
ci

ón
 R

em
ot

a,
  p

ro
vi

en
e 

de
l i

ng
lé

s, 
Re

m
ot

e 
Se

ns
ig

, p
ro

pu
es

to
 a

 p
rin

ci
pi

os
 d

e 
lo

s 
se

se
nt

a 

co
m

o 
co

nc
ep

to
 p

ar
a 

de
si

gn
ar

 c
ua

lq
ui

er
 m

ed
io

 d
e 

ob
se

rv
ac

ió
n 

re
m

ot
a 

(C
hu

vi
ec

o,
 2

00
2)

. P
ar

a 

C
am

pb
el

l (
19

96
), 

es
 la

 p
rá

ct
ic

a 
de

 d
er

iv
ar

 in
fo

rm
ac

ió
n 

ac
er

ca
 d

e 
la

 s
up

er
fic

ie
 d

e 
la

 ti
er

ra
 y

 

ag
ua

 u
sa

nd
o 

im
ág

en
es

 a
dq

ui
rid

as
 d

es
de

 u
na

 p
er

sp
ec

tiv
a 

us
an

do
 ra

di
ac

ió
n 

el
ec

tro
m

ag
né

tic
a 

en
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un
a 

o 
m

ás
 r

eg
io

ne
s 

de
l e

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o,

 r
ef

le
ja

da
 o

 e
m

iti
da

 p
or

 la
 s

up
er

fic
ie

 d
e 

la
 

tie
rr

a.
 

 Pa
ra
 la
 C
C
R
S 
(2
00
4)
, e
s 
"C
ie
nt
ífi
ca
m
en
te
 d
ef
in
id
a 
co
m
o 
“l
a 
ci
en
ci
a 
(p
ar
a 
m
uc
ho
s, 
ar
te
) 
de

 

co
ns

eg
ui

r 
in

fo
rm

ac
ió

n 
re

la
tiv

a 
a 

la
 s

up
er

fic
ie

 d
e 

la
 ti

er
ra

 s
in

 n
ec

es
id

ad
 d

e 
es

ta
r 

en
 c

on
ta

ct
o 

co
n 

el
la

. 

 A
ct

ua
lm

en
te

, e
l t

ér
m

in
o 

es
 u

n 
co

nc
ep

to
 a

m
pl

io
 y

 a
so

ci
ad

o 
a 

la
 d

et
ec

ci
ón

 d
e 

un
 á

re
a,

 o
bj

et
o 

o 

fe
nó

m
en

o 
ba

jo
 in

ve
st

ig
ac

ió
n 

si
n 

es
ta

r e
n 

co
nt

ac
to

 fí
si

co
 c

on
 é

l (
Li

lle
sa

nd
 e

t a
l.,

 2
00

4)
.  

 La
 p

er
ce

pc
ió

n 
re

m
ot

a 
ha

 s
id

o 
am

pl
ia

m
en

te
 u

til
iz

ad
a 

ta
nt

o 
pa

ra
 e

st
ud

io
s 

at
m

os
fé

ric
os

 c
om

o 

es
tu

di
os

 d
e 

lo
s 

re
cu

rs
os

 n
at

ur
al

es
 s

ob
re

 la
 s

up
er

fic
ie

 d
e 

la
 ti

er
ra

 y
 s

e 
ha

n 
re

al
iz

ad
o 

m
uc

ha
s 

in
ve

st
ig

ac
io

ne
s 

so
br

e 
m

on
ito

re
o 

de
 p

ro
bl

em
as

 a
m

bi
en

ta
le

s 
o 

de
 la

 d
in

ám
ic

a 
de

 lo
s 

re
cu

rs
os

 

na
tu

ra
le

s (
Pr

ad
os

, 1
99

5)
. 

  4.
4.

2.
 E

l e
sp

ec
tr

o 
el

ec
tr

om
ag

né
tic

o 

 El
 e

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o 

es
 e

l 
co

nj
un

to
 d

e 
on

da
s 

el
ec

tro
m

ag
né

tic
as

 q
ue

 s
e 

pr
op

ag
a 

de
 

m
an

er
a 

on
du

la
to

ria
 y

 c
on

 v
el

oc
id

ad
 c

on
st

an
te

, 
qu

e 
es

 l
a 

de
 l

a 
lu

z,
 a

pr
ox

im
ad

am
en

te
 d

e 

30
0.

00
0 

km
/s

.  
En

 e
l e

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o 

la
s 

on
da

s 
m

ás
 c

or
ta

s 
o 

la
s 

de
 m

ay
or

 e
ne

rg
ía

 

co
rr

es
po

nd
er

án
 a

 l
os

 r
ay

os
 g

am
m

a 
y 

la
s 

lo
ng

itu
de

s 
de

 o
nd

a 
m

ás
 l

ar
ga

s, 
o 

se
a 

la
s 

m
en

os
 

en
er

gé
tic

as
, c

or
re

sp
on

de
rá

n 
a 

la
s 

on
da

s 
de

 r
ad

io
 (F

ig
ur

a 
3)

. S
i b

ie
n 

la
 s

uc
es

ió
n 

de
 v

al
or

es
 d

e 

lo
ng

itu
d 

de
 o

nd
a 

es
 c

on
tin

ua
, s

ue
le

 e
st

ab
le

ce
rs

e 
un

a 
se

rie
 d

e 
ba

nd
as

 e
n 

do
nd

e 
la

 r
ad

ia
ci

ón
 

el
ec

tro
m

ag
né

tic
a 

m
an

ifi
es

ta
 u

n 
co

m
po

rta
m

ie
nt

o 
si

m
ila

r (
C

hu
vi

ec
o,

 1
99

0)
. 

 En
 la

 p
er

ce
pc

ió
n 

re
m

ot
a 

co
nv

ie
ne

 d
es

ta
ca

r 
un

a 
se

rie
 d

e 
ba

nd
as

 e
sp

ec
tra

le
s, 

qu
e 

so
n 

la
s 

m
ás

 

fr
ec

ue
nt

em
en

te
 e

m
pl

ea
da

s c
on

 la
 te

cn
ol

og
ía

 a
ct

ua
l. 

La
 te

rm
in

ol
og

ía
 u

sa
da

 e
s l

a 
si

gu
ie

nt
e:

 
 Es

pe
ct

ro
 v

is
ib

le
 (

0,
4 

a 
0,

7 
m

). 
Se

 d
en

om
in

a 
as

í p
or

 s
er

 la
 ú

ni
ca

 r
ad

ia
ci

ón
 e

le
ct

ro
m

ag
né

tic
a 

qu
e 

pu
ed

e 
pe

rc
ib

ir 
el

 o
jo

 h
um

an
o,

 c
oi

nc
id

ie
nd

o 
co

n 
la

s 
lo

ng
itu

de
s 

de
 o

nd
a 

do
nd

e 
es

 m
áx

im
a 
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la
 r

ad
ia

ci
ón

 s
ol

ar
. S

ue
le

n 
di

st
in

gu
irs

e 
tre

s 
ba

nd
as

 e
le

m
en

ta
le

s 
qu

e 
se

 d
en

om
in

an
 a

zu
l (

0,
4 

a 

0,
5 

m
); 

ve
rd

e 
(0

,5
 a

 0
,6

 
m

), 
y 

ro
jo

 (
0,

6 
a 

0,
7 

m
), 

en
 r

az
ón

 a
 l

os
 c

ol
or

es
 e

le
m

en
ta

le
s 

as
oc

ia
do

s a
 e

st
as

 lo
ng

itu
de

s  
de

 o
nd

a.
 

 In
fr

ar
ro

jo
 c

er
ca

no
  

(0
,7

 a
 1

,3
 

m
). 

Es
 im

po
rta

nt
e 

po
r 

su
 c

ap
ac

id
ad

 p
ar

a 
di

sc
rim

in
ar

 m
as

as
 

ve
ge

ta
le

s 
y 

co
nc

en
tra

ci
on

es
 d

e 
hu

m
ed

ad
. 

 In
fr

ar
ro

jo
 m

ed
io

  (
1,

3 
a 

8 
m

). 
R

an
go

 e
n 

el
 c

ua
l s

e 
en

tre
m

ez
cl

an
 lo

s 
pr

oc
es

os
 d

e 
re

fle
xi

ón
 d

e 

la
 lu

z 
so

la
r y

 d
e 

em
is

ió
n 

de
 la

 su
pe

rf
ic

ie
 te

rr
es

tre
. 

 In
fr

ar
ro

jo
 le

ja
no

 o
 té

rm
ic

o 
 (8

 a
 1

4 
m

). 
Es

 la
 lo

ng
itu

d 
de

 o
nd

a 
a 

la
 c

ua
l s

e 
tra

ns
m

ite
 e

l c
al

or
. 

 M
ic

ro
on

da
s 

 (
a 

pa
rt

ir 
de

 1
 m

m
). 

La
s 

m
ic

ro
on

da
s 

es
tá

n 
si

tu
ad

as
 e

nt
re

 l
os

 r
ay

os
 i

nf
ra

rr
oj

os
 

(c
uy

a 
fr

ec
ue

nc
ia

 e
s 

m
ay

or
) 

y 
la

s 
on

da
s 

de
 r

ad
io

 c
on

ve
nc

io
na

le
s. 

Su
 l

on
gi

tu
d 

de
 o

nd
a 

va
 

ap
ro

xi
m

ad
am

en
te

 d
es

de
 1

 m
m

 h
as

ta
 3

0 
cm

.  
La

 p
er

ce
pc

ió
n 

re
m

ot
a 

de
 r

ad
ar

 u
til

iz
a 

es
ta

 z
on

a 

de
l e

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o.

 

 

 
Fi

gu
ra

 3
. E

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o.
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ue

nt
e:

 It
ur

ra
te

, 1
99

8 
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4.
5.

 Im
ág

en
es

 p
ro

ve
ni

en
te

s d
e 

pl
at

af
or

m
as

 sa
te

lit
al

es
 y

 a
vi

on
es

 
 4.

5.
1.

 I
m

ág
en

es
 s

at
el

ita
le

s 

 La
s 

im
ág

en
es

 s
at

el
ita

le
s 

re
gi

st
ra

n 
el

 c
om

po
rta

m
ie

nt
o 

de
 l

a 
su

pe
rf

ic
ie

 t
er

re
st

re
 a

 t
ra

vé
s 

de
 

di
fe

re
nt

es
 re

gi
on

es
 d

el
 e

sp
ec

tro
 e

le
ct

ro
m

ag
né

tic
o,

 p
ro

po
rc

io
na

nd
o 

un
a 

gr
an

 c
an

tid
ad

 d
e 

da
to

s 

es
pa

ci
al

m
en

te
 c

on
tig

uo
s 

en
tre

 s
í. 

Es
ta

s 
pr

op
ie

da
de

s 
le

s 
co

nf
ie

re
n 

la
 c

ap
ac

id
ad

 d
e 

de
te

ct
ar

, 

re
co

no
ce

r e
 id

en
tif

ic
ar

 c
ob

er
tu

ra
s 

de
 s

ue
lo

, a
sí

 c
om

o 
m

ed
ir 

nu
m

er
os

as
 p

ro
pi

ed
ad

es
 b

io
fís

ic
as

 

y 
bi

oq
uí

m
ic

as
 a

so
ci

ad
as

 a
 e

lla
s, 

of
re

ci
en

do
 v

en
ta

ja
s 

en
 c

om
pa

ra
ci

ón
 c

on
 m

ét
od

os
 in

 s
itu

, q
ue

 

m
uc

ha
s 

ve
ce

s 
re

qu
ie

re
n 

de
 m

ed
ic

io
ne

s 
en

 t
er

re
no

 q
ue

 p
ue

de
n 

re
su

lta
r 

ex
ce

si
va

s 
a 

am
pl

ia
s 

es
ca

la
s, 

de
bi

do
 a

 l
im

ita
nt

es
 d

e 
ac

ce
si

bi
lid

ad
, 

tie
m

po
 y

 r
ec

ur
so

s 
(L

ill
es

an
d 

et
 a

l.,
 2

00
4;

 

A
ro

no
ff

, 2
00

5)
. 

 A
 m
ed
id
a 
qu
e 
lo
s 
sa
té
lit
es
 a
va
nz
an
 e
n 
su
 ó
rb
ita
  
“b
ar
re
n”
, l
a 
su
pe
rf
ic
ie
 te
rr
es
tre
 c
ap
ta
nd
o 
la
 

en
er

gí
a 

de
l 

so
l 

re
fle

ja
da

 p
or

 é
st

a 
en

 d
is

tin
ta

s 
lo

ng
itu

de
s 

de
 o

nd
a.

 É
st

as
 s

on
 a

gr
up

ad
as

 e
n 

di
st

in
to

s 
ra

ng
os

 o
 b

an
da

s 
es

pe
ct

ra
le

s. 
Lo

s 
se

ns
or

es
, 

al
 c

od
ifi

ca
r 

la
 i

nf
or

m
ac

ió
n 

pa
ra

 c
ad

a 

ba
nd

a 
en

 u
n 

fo
rm

at
o 

po
si

bl
e 

de
 i

nt
er

pr
et

ar
 p

or
 l

os
 e

xp
er

to
s, 

ge
ne

ra
n 

m
at

ric
es

 d
ig

ita
le

s 
de

 

pí
xe

le
s, 

qu
e 

en
 su

 c
on

ju
nt

o 
co

ns
tit

uy
en

 u
na

 im
ag

en
 ra

st
er

.  

 Po
st

er
io

rm
en

te
, 

lo
s 

ra
st

er
 s

on
 t

ra
ns

m
iti

do
s 

a 
un

a 
es

ta
ci

ón
 r

ec
ep

to
ra

 e
n 

la
 t

ie
rr

a,
 d

on
de

 s
e 

ve
rif

ic
a 

qu
e 

la
 in

fo
rm

ac
ió

n 
es

té
 d

eb
id

am
en

te
 d

ec
od

ifi
ca

da
 y

 s
e 

or
de

na
 d

e 
m

an
er

a 
ta

l, 
qu

e 
se

 

ob
tie

ne
 la

 im
ag

en
 c

om
pl

et
a.

  

 To
da

s 
la

s 
im

ág
en

es
 c

ap
ta

da
s 

po
r 

sa
té

lit
es

 c
om

er
ci

al
m

en
te

 d
is

po
ni

bl
es

 r
eq

ui
er

en
 d

e 
ci

er
ta

s 

co
rr

ec
ci

on
es

 s
is

te
m

át
ic

as
, 

la
s 

cu
al

es
 s
on
 a
lg
or
itm
os
 q
ue
 r
ec
tif
ic
an
 l
a 
im
ag
en
 “
cr
ud
a”
, 

ap
lic

ad
os

 a
ut

om
át

ic
am

en
te

 e
n 

la
 e

st
ac

ió
n 

de
 r

ec
ep
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d 

et
 a

l.,
 2

00
4)

 

  La
 c

or
re

cc
ió

n 
de

 d
ic

ha
s 

di
st

or
si

on
es

 g
eo

m
ét

ric
as

 p
ue

de
 s

er
 lo

gr
ad

a 
de

 v
ar

ia
s 

fo
rm

as
, d

os
 d

e 

el
la

s s
on

: 

a)
 L

a 
po

si
ci

ón
 d

e 
lo

s 
pí

xe
le

s 
se

 c
am

bi
a,

 p
er

o 
és

to
s 

m
an

tie
ne

n 
su

s 
va

lo
re

s 
de

 i
nt

en
si

da
d.

 

D
eb

id
o 

a 
qu

e 
es

te
 m

ét
od

o 
es

 d
e 

lim
ita

da
 e

xa
ct

itu
d 

se
 u

sa
 s

ól
o 

pa
ra

 c
or

re
cc

io
ne

s 
ge

om
ét

ric
as

 

si
m

pl
es

. 

 b)
 L

a 
im

ag
en

 e
s 

re
m

ue
st

re
ad

a,
 e

s 
de

ci
r, 

un
a 

im
ag

en
 d

ig
ita

l g
eo

m
ét

ric
am

en
te

 d
is

to
rs

io
na

da
 e

s 

tra
ns

fo
rm

ad
a 

en
 u

na
 im

ag
en

 s
ob

re
 u

na
 c

ua
dr

ic
ul

a 
ig

ua
lm

en
te

 e
sp

ac
ia

da
, n

o 
di

st
or

si
on

ad
a.

 L
a 

in
te

ns
id

ad
 d

e 
lo

s 
pí

xe
le

s 
en

 l
a 

nu
ev

a 
cu

ad
ric

ul
a 

de
be

 s
er

 d
et

er
m

in
ad

a 
po

r 
in

te
rp

ol
ac

ió
n,

 

us
an

do
 lo

s 
pí

xe
le

s 
ve

ci
no

s 
en

 la
 im

ag
en

 d
e 

la
 im

ag
en

 d
is

to
rs

io
na

da
. E

st
o 

es
, l

os
 p

íx
el

es
 d

eb
en

 

se
r r

em
ue

st
re

ad
os

 p
ar

a 
aj

us
ta

rs
e 

a 
la

 n
ue

va
 c

ua
dr

íc
ul

a 
(L

ill
es

an
d 

et
 a

l.,
 2

00
4)

. 

 La
 re

ct
ifi

ca
ci

ón
 e

s n
ec

es
ar

ia
 e

n 
lo

s c
as

os
 e

n 
lo

s c
ua

le
s l

a 
cu

ad
ríc

ul
a 

de
 p

íx
el

es
 d

e 
la

 im
ag

en
 se

 

de
be

 c
am

bi
ar

 p
ar

a 
aj

us
ta

rs
e 

a 
un

 s
is

te
m

a 
de

 p
ro

ye
cc

ió
n 

ca
rto

gr
áf

ic
a 

o 
a 

un
a 

im
ag

en
 d

e 

re
fe

re
nc

ia
. E

xi
st

en
 v

ar
ia

s r
az

on
es

 p
ar

a 
re

ct
ifi

ca
r d

at
os

 d
e 

im
ág

en
es

: 

• 
Id

en
tif

ic
ac

ió
n 

de
 

m
ue

st
ra

s 
de

 
en

tre
na

m
ie

nt
o 

de
 

ac
ue

rd
o 

co
n 

la
s 

co
or

de
na

da
s 

ca
rto

gr
áf

ic
as

 a
nt

es
 d

e 
re

al
iz

ar
 la

 c
la

si
fic

ac
ió

n.
 

• 
C

re
ac

ió
n 

de
 fo

to
m

ap
as

 e
xa

ct
os

, a
 e

sc
al

a 



 
28

 

• 
Su

pe
rp

os
ic

ió
n 

de
 im

ág
en

es
 c

on
 d

at
os

 v
ec

to
ria

le
s, 

ta
le

s c
om

o 
A

rc
In

fo
 

• 
C

om
pa

ra
ci

ón
 d

e 
im

ág
en

es
 q

ue
 e

st
án

 o
rig

in
al

m
en

te
 e

n 
es

ca
la

s d
ife

re
nt

es
 

• 
Ex

tra
cc

ió
n 

de
 m

ed
id

as
 e

xa
ct

as
 d

e 
ár

ea
s 

y 
di

st
an

ci
as

 

• 
M

os
ai

co
s d

e 
im

ág
en

es
 

• 
R

ea
liz

ac
ió

n 
de

 o
tro

s a
ná

lis
is

 q
ue

 re
qu

ie
re

n 
po

si
ci

on
es

 g
eo

gr
áf

ic
as

 e
xa

ct
as

 

 La
 

co
rr

ec
ci

ón
 

ge
om

ét
ric

a 
co

ns
tit

uy
e 

un
 

im
po

rta
nt

e 
pa

so
 

en
 

el
 

m
an

ej
o 

de
 

da
to

s 

m
ul

tie
sp

ec
tra

le
s 

co
m

o 
es

 e
l c

as
o 

de
 la

 c
la

si
fic

ac
ió

n 
di

gi
ta

l d
e 

im
ág

en
es

, p
or

qu
e 

se
 d

is
m

in
uy

e 

la
 v

ar
ia

nz
a 

de
nt

ro
 d

e 
la

s c
la

se
s, 

lo
 q

ue
 se

 re
fle

ja
 e

n 
un

 m
ej

or
 fu

nc
io

na
m

ie
nt

o 
de

 lo
s a

lg
or

itm
os

 

de
 c

la
si

fic
ac

ió
n 

(F
el

ic
ís

im
o 

et
 a

l.,
 1

99
4)

. 

 Se
 h

an
 p

ro
pu

es
to

 a
lg

un
os

 m
ét

od
os

 d
e 

co
rr

ec
ci

ón
 g

eo
m

ét
ric

a,
 s

in
 e

m
ba

rg
o 

só
lo

 e
n 

po
co

s 

es
tu

di
os

 s
e 

ha
n 

ev
al

ua
do

 s
u 

ap
lic

ab
ili

da
d 

pa
ra

 ti
po

s 
de

 c
ob

er
tu

ra
s 

es
pe

cí
fic

as
, u

no
 d

e 
el

lo
s 

es
 

el
 e

st
ud

io
 re

al
iz

ad
o 

po
r G

on
zá

le
z 

et
 a

l. 
(2

00
1)

, d
on

de
 p

la
nt

ea
 q

ue
 la

 c
or

re
cc

ió
n 

to
po

gr
áf

ic
a 

de
 

im
ág

en
es

 L
an

ds
at

-T
M

, 
es

 n
ec

es
ar

ia
 e

n 
zo

na
s 

m
on

ta
ño

sa
s 

co
m

o 
A

st
ur

ia
s. 

Si
n 

em
ba

rg
o 

lo
s 

au
to

re
s c

on
cl

uy
en

 q
ue

 lo
s r

es
ul

ta
do

s d
e 

la
 c

la
si

fic
ac

ió
n 

no
 fu

er
on

 m
uy

 b
ue

no
s, 

de
bi

do
 a

 q
ue

 la
 

co
rr

ec
ci

ón
 s

e 
ve

 li
m

ita
da

 p
or

 o
tro

s 
fa

ct
or

es
 c

om
o 

la
 d

ife
re

nc
ia

 e
n 

añ
os

 e
nt

re
 la

 im
ag

en
 y

 e
l 

m
ap

a 
de

 v
eg

et
ac

ió
n 

ut
ili

za
do

 p
ar

a 
la

 v
al

id
ac

ió
n,

 la
 b

aj
a 

re
so

lu
ci

ón
 ta

nt
o 

de
 la

 im
ag

en
 c

om
o 

de
l M

od
el

o 
D

ig
ita

l d
e 

El
ev

ac
ió

n 
(3

0m
) y

 b
aj

a 
ex

ac
tit

ud
 e

n 
la

 g
eo

rr
ef

er
en

ci
ac

ió
n.

 

 O
tro

 t
ra

ba
jo

 i
nt

er
es

an
te

 e
s 

el
 d

e 
R

ia
ño

 e
t 

al
. 

(2
00

3)
, 

cu
yo

 o
bj

et
iv

o 
fu

e 
pr

ob
ar

 d
ife

re
nt

es
 

m
ét

od
os

 d
e 

co
rr

ec
ci

ón
 t

op
og

rá
fic

a 
en

 i
m

ág
en

es
 L

an
ds

at
 T

M
, 

pa
ra

 d
ife

re
nt

es
 t

ip
os

 d
e 

ve
ge

ta
ci

ón
. 

Lo
s 

re
su

lta
do

s 
m

os
tra

ro
n 

qu
e 

co
n 

el
 m

ét
od

o 
C

-c
or

re
cc

ió
n 

se
 o

bt
ie

ne
n 

m
ej

or
es

 

da
to

s. 
La

 v
al

id
ac

ió
n 

de
 e

st
e 

m
ét

od
o 

se
 r

ea
liz

ó 
co

ns
id

er
an

do
 d

os
 c

rit
er

io
s:

 (1
) l

os
 c

am
bi

os
 e

n 

la
s c

ar
ac

te
rís

tic
as

 e
sp

ec
tra

le
s d

e 
la

 im
ag

en
 y

 (2
) l

a 
re

du
cc

ió
n 

de
 la

 d
es

vi
ac

ió
n 

es
tá

nd
ar

 d
e 

ca
da

 

tip
o 

de
 v

eg
et

ac
ió

n 
de

sp
ué

s 
de

 la
 c

or
re

cc
ió

n.
 O

tro
 a

sp
ec

to
 im

po
rta

nt
e 

a 
re

sa
lta

r d
e 

es
te

 tr
ab

aj
o 

es
 

la
 

di
sc

us
ió

n 
de

 
la

s 
di

fic
ul

ta
de

s 
pr

in
ci

pa
le

s 
qu

e 
se

 
tie

ne
n 

al
 

ap
lic

ar
 

co
rr

ec
ci

on
es

 

to
po

gr
áf

ic
as

. E
st

a 
di

sc
us

ió
n 

m
ue

st
ra

 la
 fa

lta
 d

e 
no

rm
as

 y
 la

 a
ce

pt
ac

ió
n 

ge
ne

ra
l d

e 
lo

s m
od

el
os

, 

es
 d

ec
ir,

 a
 p

es
ar

 d
e 

la
 v

ar
ie

da
d 

de
 m

ét
od

os
 s

e 
ha

 p
ro

pu
es

to
 e

n 
la

 li
te

ra
tu

ra
, n

o 
ex

is
te

 n
in

gú
n 

ac
ue

rd
o 

ge
ne

ra
l q

ue
 d

ef
in

a 
cu

al
 m

ét
od

o 
pu

ed
e 

se
r u

ni
ve

rs
al

m
en

te
 a

pl
ic

ab
le

. A
di

ci
on

al
 a

 e
st

o,
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la
 d

is
po

ni
bi

lid
ad

 d
e 

m
od

el
os

 d
ig

ita
le

s 
de

l 
te

rr
en

o 
ha

st
a 

ha
ce

 p
oc

o 
ha

bí
a 

si
do

 r
es

tri
ng

id
a 

a 

pa
ís

es
 d

es
ar

ro
lla

do
s 

y 
po

r c
on

si
gu

ie
nt

e 
ev

ita
 u

na
 a

pl
ic

ac
ió

n 
m

ás
 g

en
er

al
 d

e 
la

 c
or

re
cc

ió
n.

  

 N
o 

to
do

s 
lo

s 
es

tu
di

os
 o

bt
ie

ne
n 

bu
en

os
 r

es
ul

ta
do

s 
en

 c
ua

nt
o 

a 
la

 a
pl

ic
ac

ió
n 

de
 a

lg
ún

 ti
po

  
de

 

co
rr

ec
ci

ón
 e

n 
la

s 
im

ág
en

es
. 

M
itr

i 
y 

G
ita

s 
(2

00
4)

, 
ev

al
ua

ro
n 

un
 m

od
el

o 
de

 c
la

si
fic

ac
ió

n 

or
ie

nt
ad

o 
a 

ob
je

to
s 

pa
ra

 e
l 

m
ap

eo
 d

e 
ár

ea
s 

qu
em

ad
as

, s
in

 a
pl

ic
ar

 y
 a

pl
ic

an
do

 l
a 

co
rr

ec
ci

ón
 

to
po

gr
áf

ic
a 

a 
la

 im
ag

en
 L

an
ds

at
 T

M
; 

ya
 q

ue
 la

 d
el

im
ita

ci
ón

 d
e 

ár
ea

s 
de

 b
os

qu
es

 q
ue

m
ad

os
 

es
ta

 li
m

ita
da

 a
 p

ro
bl

em
as

 d
e 

ex
ac

tit
ud

 e
n 

la
 c

la
si

fic
ac

ió
n 

de
 la

 im
ag

en
 d

e 
sa

té
lit

e,
 d

eb
id

o 
a 

qu
e 

la
 re

sp
ue

st
a 

es
pe

ct
ra

l d
e 

la
s á

re
as

 q
ue

m
ad

as
 p

ue
de

 se
r c

on
fu

nd
id

a 
ár

ea
s q

ue
 se

 e
nc

ue
nt

ra
n 

co
n 

ef
ec

to
 d

e 
so

m
br

ea
do

 to
po

gr
áf

ic
o.

 L
os

 re
su

lta
do

s 
ob

te
ni

do
s 

en
 e

st
e 

es
tu

di
o 

m
os

tra
ro

n 
qu

e 

la
 v

al
or

ac
ió

n 
de

 la
 e

xa
ct

itu
d 

(q
ue

 u
sa

 la
 m

at
riz

 d
e 

er
ro

r)
 in

di
có

 q
ue

 la
 c

or
re

cc
ió

n 
de

 e
fe

ct
os

 

to
po

gr
áf

ic
os

 d
e 

la
 im

ag
en

 a
nt

es
 d

e 
ap

lic
ar

 e
l m

od
el

o 
de

 c
la

si
fic

ac
ió

n 
or

ie
nt

ad
o 

a 
ob

je
to

s, 
só

lo
 

au
m

en
ta

 e
n 

1.
16

%
 l

a 
ex

ac
tit

ud
 d

e 
la

 c
ar

to
gr

af
ía

 b
as

e 
de

 l
as

 á
re

as
 q

ue
m

ad
as

 e
n 

la
 z

on
a 

de
 

es
tu

di
o.

 E
l a

ut
or

 c
on

cl
uy

e 
qu

e 
la

 c
or

re
cc

ió
n 

to
po

gr
áf

ic
a 

no
 e

s e
se

nc
ia

l a
nt

es
 d

e 
la

 c
la

si
fic

ac
ió

n 

or
ie

nt
ad

a 
a 

ob
je

to
s e

n 
un

 p
ai

sa
je

 q
ue

m
ad

o.
  

 El
 e

rr
or

 e
n 

la
 re

ct
ifi

ca
ci

ón
 d

e 
im

ág
en

es
 se

 to
m

a 
co

m
o 

la
 d

is
ta

nc
ia

 e
nt

re
 su

s c
oo

rd
en

ad
as

 re
al

es
 

y 
la

s 
es

tim
ad

as
 p

or
 l

a 
re

gr
es

ió
n 

de
 m

ín
im

os
 c

ua
dr

ad
os

. 
 P

ar
a 

es
te

 c
as

o,
 l

a 
ca

lid
ad

 d
e 

la
 

re
gr

es
ió

n 
ge

om
ét

ric
a 

pu
ed

e 
va

lo
ra

rs
e 

co
m

pa
ra

nd
o,

 
pa

ra
 

ca
da

 
pu

nt
o 

de
 

co
nt

ro
l, 

la
s 

co
or

de
na

da
s 

es
tim

ad
as

 p
or

 la
 re

gr
es

ió
n 

co
n 

la
s 

re
al

es
. E

l p
ro

m
ed

io
 d

e 
lo

s 
re

si
du

al
es

 e
s 

lo
 q

ue
 

co
no

ce
m

os
 c

om
o 

er
ro

r c
ua

dr
át

ic
o 

m
ed

io
 (E

C
M

). 
Es

 d
ec

ir,
 e

l E
C

M
 s

e 
pu

ed
e 

us
ar

 p
ar

a 
ev

al
ua

r 

la
 c

al
id

ad
 g

en
er

al
 d

el
 a

ju
st

e.
 

  4.
7.

2.
2 

O
rto

rr
ec

tif
ic

ac
ió

n 

 La
 c

or
re

cc
ió

n 
ge

om
ét

ric
a 

es
 u

n 
pr

oc
es

o 
qu

e 
se

 r
ea

liz
a 

ru
tin

ar
ia

m
en

te
 e

n 
pe

rc
ep

ci
ón

 r
em

ot
a 

pe
ro

 q
ue

 o
fr

ec
e 

re
su

lta
do

s 
de

 c
al

id
ad

 m
uy

 v
ar

ia
bl

e 
en

 fu
nc

ió
n 

de
l d

is
eñ

o 
de

l t
ra

ba
jo

, p
or

 e
st

a 

ra
zó

n 
en

 la
 p

rá
ct

ic
a 

co
n 

im
ág

en
es

 d
e 

al
ta

 re
so

lu
ci

ón
 e

xi
st

en
, d

os
 p

ro
ce

di
m

ie
nt

os
 p

ar
a 

re
al

iz
ar

 

la
 c

or
re

cc
ió

n 
ge

om
ét

ric
a 

de
 u

na
 im

ag
en

: l
a 

re
ct

ifi
ca

ci
ón

 y
 la

 o
rto

co
rr

ec
ci

ón
 o

 ta
m

bi
én

 ll
am

ad
a 

or
to

rr
ec

tif
ic

ac
ió

n 
(C

ua
rte

ro
 y

 F
el

ic
is

im
o,

 2
00

3)
. 
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Ta
nt

o 
en

 l
a 

re
ct

ifi
ca

ci
ón

 c
om

o 
en

 l
a 

or
to

rr
ec

tif
ic

ac
ió

n 
se

 u
til

iz
a 

un
 c

on
ju

nt
o 

de
 p

un
to

s 
de

 

ap
oy

o 
qu

e 
po

de
m

os
 d

ef
in

ir 
co

m
o 

pu
nt

os
 id

en
tif

ic
ab

le
s 

en
 la

 im
ag

en
 d

e 
lo

s 
cu

al
es

 s
e 

co
no

ce
n 

ta
m

bi
én

 s
us

 c
oo

rd
en

ad
as

 e
n 

el
 s

is
te

m
a 

de
 p

ro
ye

cc
ió

n 
ge

og
rá

fic
a.

 E
s 

de
ci

r, 
se

 c
on

oc
en

 l
as

 

co
or

de
na

da
s e

n 
lo

s d
os

 e
sp

ac
io

s d
e 

re
fe

re
nc

ia
.  

 O
rto

rr
ec

tif
ic

ac
ió

n 
es

 u
na

 f
or

m
a 

de
 r

ec
tif

ic
ac

ió
n 

qu
e 

co
rr

ig
e 

el
 d

es
pl

az
am

ie
nt

o 
de

bi
do

 a
l 

te
rr

en
o 

y 
qu

e 
se

 p
ue

de
 u

sa
r 

si
 e

xi
st

e 
un

 D
EM

 d
el

 á
re

a 
de

 e
st

ud
io

. 
Es

tá
 b

as
ad

a 
en

 l
as

 

ec
ua

ci
on

es
 d

e 
co

lin
ea

lid
ad

, q
ue

 s
e 

pu
ed

en
 d

er
iv

ar
 u

sa
nd

o 
G

C
Ps

 (
pu

nt
os

 d
e 

co
nt

ro
l t

er
re

st
re

) 

en
 3

D
. 

En
 á

re
as

 r
el

at
iv

am
en

te
 p

la
na

s, 
la

 o
rto

rr
ec

tif
ic

ac
ió

n 
no

 e
s 

ne
ce

sa
ria

, 
pe

ro
 e

n 
ár

ea
s 

m
on

ta
ño

sa
s s

e 
re

co
m

ie
nd

a 
la

 o
rto

rr
ec

tif
ic

ac
ió

n.
 

 El
 m

ét
od

o 
de

 o
rto

rr
ec

tif
ic

ac
ió

n 
in

cl
uy

e 
la

 e
le

va
ci

ón
 d

e 
ca

da
 p

íx
el

 e
n 

el
 c

ál
cu

lo
 d

e 
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l m
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al
iz

ar
 e

st
e 

pr
oc

es
o 

es
 q

ue
 la

 e
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 p
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 d
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 p
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 d
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l c
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, d
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 d
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ric

am
en

te
 p

ar
a 

qu
e 

se
 a

da
pt

e 
al

 e
sp

ac
io

 d
e 

pr
oy

ec
ci

ón
. L

a 
co

rr
ec

ci
ón

 h
a 

ca
m

bi
ad

o 
de

 l
ug

ar
 l

os
 p

íx
el

es
 e

n 
fu

nc
ió

n 
de

 l
as

 d
ife

re
nt

es
 p

ro
pi

ed
ad

es
 g

eo
m

ét
ric

as
 d

e 
lo

s 

es
pa

ci
os

 d
e 

re
fe

re
nc

ia
. A

de
m

ás
, p

ue
de

 s
er

 b
en

éf
ic

o 
re

ct
ifi

ca
r 

la
s 

im
ág

en
es

 d
eb

id
o 

a 
qu

e 
es

te
 

pr
oc

es
o 

pu
ed

e 
se

r m
uy

 e
xa

ct
o,

 c
on

 lo
 c

ua
l l

a 
cl

as
ifi

ca
ci

ón
 p

ue
de

 s
er

 m
ás

 e
xa

ct
a 

si
 la

s 
nu

ev
as

 

co
or

de
na

da
s a

yu
da

n 
a 

la
 lo

ca
liz

ac
ió

n 
de

 c
am

po
s d

e 
en

tre
na

m
ie

nt
o.

  

 En
 g

en
er

al
 l

a 
co

rr
ec

ci
ón

 g
eo

m
ét

ric
a 

de
 u

na
 i

m
ag

en
 s

at
el

ita
l 

en
 r
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 d
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 d

e 
In

fo
rm

ac
ió

n 
G

eo
gr

áf
ic

a 
(S

IG
) 

es
tá

n 
am

pl
ia

m
en

te
 d
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 p
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 re
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 d
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 d
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 c
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 p
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 d
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 d
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 r
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 d
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 c
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at
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 c
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 d
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 d
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 d
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 c
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 c
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 c
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 c
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 d
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 p
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 l
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 o
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ra
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 d
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 d
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 d
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 m
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 r
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 d
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 c

om
pl

em
en

ta
rio

s 
qu

e 
de

sc
rib

en
 

la
 p

os
ic

ió
n 

de
l s

ol
 c

on
 re

la
ci

ón
 a

l c
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 c
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 d
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se

 a
na

liz
ar

on
 l

os
 d

at
os

 e
n 

fu
nc

ió
n 

de
 l

as
 

de
sv

ia
ci

on
es

 d
e 

la
s d

is
cr

ep
an

ci
as

. E
st

e 
an

ál
is

is
 se

 d
es

cr
ib

e 
m

ás
 a

de
la

nt
e.

 

  5.
9.

1.
1.

 E
l m

od
el

o 
de

 r
eg

re
si

ón
 li

ne
al

  s
im

pl
e 

 El
 m

od
el

o 
de

 r
eg

re
si

ón
 l

in
ea

l s
im

pl
e,

 p
er

m
ite

 c
on

st
ru

ir 
un

 m
od

el
o 

pa
ra

 e
xp

lic
ar

 la
 r

el
ac

ió
n 

en
tre

 d
os

 v
ar

ia
bl

es
. 

Ti
en

en
 c

om
o 

ob
je

to
 e

st
ud

ia
r 

có
m

o 
lo

s 
ca

m
bi

os
 e

n 
un

a 
va

ria
bl

e 
no

 

al
ea

to
ria

, a
fe

ct
an

 a
 u

na
 v

ar
ia

bl
e 

al
ea

to
ria

, e
n 

el
 c

as
o 

de
 e

xi
st

ir 
un

a 
re

la
ci

ón
 f

un
ci

on
al

 e
nt

re
 

am
ba

s v
ar

ia
bl

es
 q

ue
 p

ue
de

 se
r e

st
ab

le
ci

da
 p

or
 u

na
 e

xp
re

si
ón

 li
ne

al
, e

s d
ec

ir;
 su

 re
pr

es
en

ta
ci

ón
 

gr
áf

ic
a 

es
 u

na
 lí

ne
a 

re
ct

a,
 la

 c
ua

l v
ie

ne
 d

ef
in

id
a 

po
r l

a 
si

gu
ie

nt
e 

fó
rm

ul
a:

 

y 
= 

a 
+b

 x
  

D
on

de
 “

y”
 e

s 
la

 v
ar

ia
bl

e 
de

pe
nd

ie
nt

e,
 e

s 
de

ci
r, 

aq
ue

lla
 q

ue
 v

ie
ne

 d
ef

in
id

a 
a 

pa
rti

r 
de

 la
 o

tra
 

va
ria
bl
e 
“x
” 

va
ria

bl
e 

in
de

pe
nd

ie
nt

e.
  

 A
 p

ar
tir

 d
e 

un
 c

on
ju

nt
o 

de
 o

bs
er

va
ci

on
es

 d
e 

do
s 

va
ria

bl
es

 x
 e

 y
 s

ob
re

 u
na

 m
ue

st
ra

 d
e 

in
di

vi
du

os
, e

l p
rim

er
 p

as
o 

en
 u

n 
an

ál
is

is
 d

e 
re

gr
es

ió
n 

es
 re

pr
es

en
ta

r e
st

os
 d

at
os

 s
ob

re
 lo

s 
ej

es
 

X,
Y,

  
ta

m
bi

én
 l

la
m

ad
o 

di
ag

ra
m

a 
de

 d
is

pe
rs

ió
n.

 E
st

o 
ay

ud
a 

en
 l

a 
bú

sq
ue

da
 d

e 
m

od
el

os
 q

ue
 

de
sc

rib
an

 la
 r

el
ac

ió
n 

en
tre

 la
s 

va
ria

bl
es

, a
de

m
ás

; e
l d

ia
gr

am
a 

de
 d

is
pe

rs
ió

n 
ta

m
bi

én
 a

yu
da

 a
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en
co

nt
ra

r 
al

gú
n 

va
lo

r 
at

íp
ic

o 
en

tre
 lo

s 
da

to
s 

de
 la

 m
ue

st
ra

 q
ue

 p
ue

da
 te

ne
r 

su
 o

rig
en

 e
n 

un
a 

m
al

a 
ob

se
rv

ac
ió

n 
o 

en
 e

l 
he

ch
o 

de
 s

er
 u

na
 o

bs
er

va
ci

ón
 c

or
re

sp
on

di
en

te
 a

 u
n 

in
di

vi
du

o 

ex
ce

pc
io

na
l 

de
nt

ro
 d

e 
la

 m
ue

st
ra

. 
C

ua
nd

o 
se

 t
ie

ne
 u

n 
va

lo
r 

at
íp

ic
o,

 s
e 

de
be

 c
on

tro
la

r 
la

s 

in
flu

en
ci

as
 q

ue
 p

ue
da

 te
ne

r e
n 

el
 a

ná
lis

is
. 

 U
na

  v
ez

 q
ue

 s
e 

ob
tie

ne
 e

l d
ia

gr
am

a 
de

 d
is

pe
rs

ió
n 

y 
de

sp
ué

s 
de

 o
bs

er
va

r u
na

 p
os

ib
le

 re
la

ci
ón

 

lin
ea

l 
en

tre
 l

as
 d

os
 v

ar
ia

bl
es

, s
e 

de
te

rm
in

a 
la

 e
cu

ac
ió

n 
de

 l
a 

re
ct

a 
qu

e 
m

ej
or

 s
e 

aj
us

te
 a

 l
a 

di
sp

er
si

ón
 d

e 
pu

nt
os

.  

 Pa
ra

 d
ef

in
ir 

la
 re

ct
a 

se
 d

et
er
m
in
an
 lo
s v
al
or
es
 d
e 
lo
s p
ar
ám
et
ro
s “
a”
 y
 “
b”
: E
l p
ar
ám
et
ro
 “
a”

 e
s 

el
 v

al
or

 q
ue
 to
m
a 
la
 v
ar
ia
bl
e 
de
pe
nd
ie
nt
e 
“y
”,

 c
ua
nd
o 
la
 v
ar
ia
bl
e 
in
de
pe
nd
ie
nt
e 
“x
” 

va
le

 0
, y

 

es
 e

l p
un

to
 d

on
de

 la
 re

ct
a 

cr
uz

a 
el

 e
je
 v
er
tic
al
. E
l p
ar
ám
et
ro
 “
b”

 d
et

er
m

in
a 

la
 p

en
di

en
te

 d
e 

la
 

re
ct

a,
 e

s d
ec

ir;
 su

 g
ra

do
 d

e 
in

cl
in

ac
ió

n.
 

 U
na

 re
ct

a 
qu

ed
a 

bi
en

 d
et

er
m

in
ad
a 
si
 e
l v
al
or
 d
e 
su
 p
en
di
en
te
 “
b”

 y
 d

e 
su

 o
rd

en
ad

a 
en

 e
l o

rig
en

 

“a
” 

so
n 

co
no

ci
do

s. 
D

e 
es

ta
 m

an
er

a 
la

 e
cu

ac
ió

n 
de

 la
 re

ct
a 

es
ta

 d
ad

a 
po

r: 

y 
= 

a 
+ 

bx
 

A
 p

ar
tir

 d
e 

la
 fó

rm
ul

a 
an

te
rio

r s
e 

de
fin

e 
pa

ra
 c

ad
a 

ob
se

rv
ac

ió
n 

(x
i, 

yi
) e

l e
rr

or
 o

 re
si

du
o 

co
m

o 

la
 d

is
ta

nc
ia

 v
er

tic
al

 e
nt

re
 e

l p
un

to
 (x

i, 
yi

) y
 la

 re
ct

a:
 

yi
 –

 (a
 +

 b
xi

) 

Po
r c

ad
a 

re
ct

a 
qu

e 
se

 c
on

si
de

re
 s

e 
te

nd
rá

 u
na

 c
ol

ec
ci

ón
 d

ife
re

nt
e 

de
 re

si
du

os
. S

e 
bu

sc
ar

á 
qu

e 

la
 re

ct
a 

qu
e 

dé
 lu

ga
r a

 lo
s 

re
si

du
os

 m
ás

 p
eq

ue
ño

s 
en

 c
ua

nt
o 

a 
la

 s
um

a 
de

 lo
s 

cu
ad

ra
do

s. 
Pa

ra
 

de
te

rm
in

ar
 l

a 
ec

ua
ci

ón
 d

e 
un

a 
re

ct
a 

de
 r

eg
re

si
ón

, 
se

 u
til

iz
a 

el
 m

ét
od

o 
de

 l
os

 m
ín

im
os

 

cu
ad

ra
do

s. 
El

 c
ua

l c
on

si
st

e 
en

 b
us

ca
r l

os
 v

al
or

es
 d

e 
lo

s 
pa

rá
m

et
ro

s 
“a
” 

y 
“b
” 

de
 m

an
er

a 
qu

e 
la

 

su
m

a 
de

 lo
s c

ua
dr

ad
os

 d
e 

lo
s r

es
id

uo
s s

ea
 m

ín
im

a.
 S

e 
ex

pr
es

a 
de

 la
 si

gu
ie

nt
e 

fo
rm

a:
 

 
U

na
 v

ez
 d

et
er

m
in

ad
a 

la
 e

cu
ac

ió
n 

de
 la

 re
ct

a,
 s

e 
in

te
rp

re
ta

n 
lo

s p
ar

ám
et

ro
s 

de
 la

 e
cu

ac
ió

n 
en

 e
l 

co
nt

ex
to

 d
el

 fe
nó

m
en

o 
qu

e 
se

 e
st

ud
ia

. L
a 

in
te

rp
re

ta
ci

ón
 d

e 
lo

s p
ar

ám
et

ro
s e

s l
a 

si
gu

ie
nt

e:
 

• 
La

 o
rd

en
ad

a 
en

 e
l 

or
ig

en
 (

), 
es

te
 p

ar
ám

et
ro

 r
ep

re
se

nt
a 

la
 e

st
im

ac
ió

n 
de

l 
va

lo
r 

de
 Y

   
 

cu
an

do
 X

 e
s i

gu
al

 a
 c

er
o.
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• I
nt
er
pr
et
ac
ió
n 
de
 la
 p
en
di
en
te
 d
e 
la
 re
ct
a 

(
 ),

 e
st

e 
pa

rá
m

et
ro

 re
pr

es
en

ta
 la

 e
st

im
ac

ió
n 

de
l 

in
cr

em
en

to
 q

ue
 e

xp
er

im
en

ta
 la

 v
ar

ia
bl

e 
Y 

cu
an

do
 X

 a
um

en
ta

 e
n 

un
a 

un
id

ad
. E

s d
ec

ir,
 in

di
ca

 la
 

re
la

ci
ón

 e
nt

re
 la

s d
os

 v
ar

ia
bl

es
 in

di
ca

nd
o 

en
 q

ué
 c

an
tid

ad
 (y

 si
 e

s p
os

iti
va

 o
 n

eg
at

iv
a)

 v
ar

ía
n 

lo
s v

al
or

es
 d

e 
Y 

cu
an

do
 v

ar
ía

n 
lo

s v
al

or
es

 d
e 

la
 X

 e
n 

un
a 

un
id

ad
. 

 U
na

 v
ez

 a
ju

st
ad

a 
la

 e
cu

ac
ió

n 
de

 la
 re

ct
a 

al
 g

ru
po

 d
e 

ob
se

rv
ac

io
ne

s, 
es

 im
po

rta
nt

e 
di

sp
on

er
 d

e 

un
a 

m
ed

id
a 

qu
e 

m
id

a 
la

 b
on

da
d 

de
l a

ju
st

e 
re

al
iz

ad
o 

y 
qu

e 
pe

rm
ita

 d
ec

id
ir 

si
 e

l a
ju

st
e 

lin
ea

l e
s 

su
fic

ie
nt

e 
o 

se
 d

eb
en

 b
us

ca
r m

od
el

os
 a

lte
rn

at
iv

os
.  

  5.
9.

1.
2.

 C
oe

fic
ie

nt
e 

de
 d

et
er

m
in

ac
ió

n 
(R

2 ). 

 C
om

o 
m

ed
id

a 
de

 b
on

da
d 

de
l 

aj
us

te
 d

e 
la

 e
cu

ac
ió

n 
de

 l
a 

re
ct

a 
se

 u
til

iz
a 

el
 c

oe
fic

ie
nt

e 
de

 

de
te

rm
in

ac
ió

n.
 

 Se
 d

ef
in

e 
co

m
o 

el
 c

oc
ie

nt
e 

en
tre

 la
 v

ar
ia

bi
lid

ad
 e

xp
lic

ad
a 

po
r 

la
 r

eg
re

si
ón

 y
 la

 v
ar

ia
bi

lid
ad

 

to
ta

l, 
es

to
 e

s:
 

 El
 c

oe
fic

ie
nt

e 
R

2  m
id

e 
la

 p
ro

po
rc

ió
n 

de
 v

ar
ia

bi
lid

ad
 to

ta
l d

e 
la

 v
ar

ia
bl

e 
de

pe
nd

ie
nt

e 
re

sp
ec

to
 a

 

la
 v

ar
ia

bl
e 

in
de

pe
nd

ie
nt

e.
 E

s 
co

m
ún

 e
xp

re
sa

r e
st

a 
m

ed
id

a 
en

 ta
nt

o 
po

r c
ie

nt
o,

 m
ul

tip
lic

án
do

la
 

po
r c

ie
n.

 S
i t

od
as

 la
s 

ob
se

rv
ac

io
ne

s 
es

tá
n 

en
 la

 lí
ne

a 
de

 re
gr

es
ió

n,
 e

l v
al

or
 d

e 
R

2  ti
en

de
 a

 1
, y

 

si
 n

o 
ha

y 
re

la
ci

ón
 li

ne
al

 e
nt

re
 la

s 
va

ria
bl

es
 d

ep
en

di
en

te
 e

 in
de

pe
nd

ie
nt

e,
 e

l v
al

or
 d

e 
R

2  ti
en

de
 

a 
0.

 E
l c

oe
fic

ie
nt

e 
R

2  e
s 

un
a 

m
ed

id
a 

de
 la

 re
la

ci
ón

 li
ne

al
 e

nt
re

 d
os

 v
ar

ia
bl

es
. A

 m
ed

id
a 

qu
e 

su
 

va
lo

r e
s 

m
ay

or
, e

l a
ju

st
e 

de
 la

 re
ct

a 
a 

lo
s 

da
to

s 
es

 m
ej

or
, p

ue
st

o 
qu

e 
la

 v
ar

ia
ci

ón
 e

xp
lic

ad
a 

es
 

m
ay

or
; 

as
í, 

el
 d

es
aj

us
te

 p
ro

vo
ca

do
 p

or
 l

a 
su

st
itu

ci
ón

 d
e 

lo
s 

va
lo

re
s 

ob
se

rv
ad

os
 p

or
 l

os
 

pr
ed

ic
ho

s e
s m

en
or

. 

 5.
9.

1.
3.

 D
es

vi
ac

ió
n 

es
tá

nd
ar

 (σ
) 

 Pa
ra

 c
on

oc
er

 c
on

 d
et

al
le

 u
n 

co
nj

un
to

 d
e 

da
to

s, 
no

 b
as

ta
 c

on
 c

on
oc

er
 la

s 
m

ed
id

as
 d

e 
te

nd
en

ci
a 

ce
nt

ra
l, 

se
 n

ec
es

ita
 c

on
oc

er
 ta

m
bi

én
 la

 d
es

vi
ac

ió
n 

qu
e 

re
pr

es
en

ta
n 

lo
s 

da
to

s 
en

 s
u 

di
st

rib
uc

ió
n 
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re
sp

ec
to

 d
e 

la
 m

ed
ia

 a
rit

m
ét

ic
a 

de
 d

ic
ha

 d
is

tri
bu

ci
ón

, p
ar

a 
te

ne
r u

na
 v

is
ió

n 
de

 lo
s 

m
is

m
os

 m
ás

 

ac
or

de
 c

on
 la

 re
al

id
ad

 a
 la

 h
or

a 
de

 d
es

cr
ib

irl
os

 e
 in

te
rp

re
ta

rlo
s p

ar
a 

la
 to

m
a 

de
 d

ec
is

io
ne

s. 

 La
 d

es
vi

ac
ió

n 
es

tá
nd

ar
 e

s 
un

a 
m

ed
id

a 
de

l g
ra

do
 d

e 
di

sp
er

si
ón

 d
e 

lo
s 

da
to

s d
el

 v
al

or
 p

ro
m

ed
io

. 

D
ic

ho
 d

e 
ot

ra
 m

an
er

a,
 e

l p
ro

m
ed

io
 o

 v
ar

ia
ci

ón
 e

sp
er

ad
a 

co
n 

re
sp

ec
to

 d
e 

la
 m

ed
ia

 a
rit

m
ét

ic
a 

y 

se
 e

xp
re

sa
 d

e 
la

 si
gu

ie
nt

e 
m

an
er

a:
 

 σ 
= 

   
   

   
   

   
   

   
   

   
do

nd
e 

 x
  =

 m
ed

ia
 d

e 
la

 m
ue

st
ra

 (1
, 2
,…

n)
 

U
na

 σ
 a

lta
 in

di
ca

 q
ue

 lo
s 

pu
nt

os
 e

st
án

 le
jo

s 
de

 la
 m

ed
ia

, y
 u

na
 d

es
vi

ac
ió

n 
pe

qu
eñ

a 
in

di
ca

 q
ue

 

lo
s 

da
to

s 
es

tá
n 

ag
ru

pa
do

s 
ce

rc
a 

de
 la

 m
ed

ia
. L

a 
σ 

pu
ed

e 
se

r i
nt

er
pr

et
ad

a 
co

m
o 

un
a 

m
ed

id
a 

de
 

in
ce

rti
du

m
br

e.
 C

ua
nd

o 
se

 p
re

te
nd

e 
de

te
rm

in
ar

 s
i u

n 
gr

up
o 

de
 m

ed
id

as
 e

st
á 

de
 a

cu
er

do
 c

on
 e

l 

m
od

el
o 

te
ór

ic
o,

 la
 σ

 d
e 

es
as

 m
ed

id
as

 e
s 

de
 v

ita
l i

m
po

rta
nc

ia
; s

i l
a 

m
ed

ia
 d

e 
la

s 
m

ed
id

as
 e

st
á 

de
m

as
ia

do
 a

le
ja

da
 d

e 
la

 p
re

di
cc

ió
n 

(c
on

 la
 d

is
ta

nc
ia

 m
ed

id
a 

en
 σ

), 
en

to
nc

es
 s

e 
co

ns
id

er
a 

qu
e 

la
s 

m
ed

id
as

 c
on

tra
di

ce
n 

la
 te

or
ía

. E
st

o 
es

 d
e 

es
pe

ra
rs

e,
 y

a 
qu

e 
la

s 
m

ed
ic

io
ne

s 
es

ta
n 

fu
er

a 
de

l 

ra
ng

o 
de

 v
al

or
es

 d
e 

lo
s c

ua
le

s s
er

ía
 ra

zo
na

bl
e 

es
pe

ra
r q

ue
 o

cu
rr

ie
ra

n 
si

 e
l m

od
el

o 
te

ór
ic

o 
fu

er
a 

co
rr

ec
to

.  

  5.
9.

1.
4.

 A
ná

lis
is 

de
 r

es
ul

ta
do

s 
en

 fu
nc

ió
n 

de
 la

 σ
 d

e 
la

s d
is

cr
ep

an
ci

as
 

 Se
 r

ea
liz

ó 
el

 a
ná

lis
is

 d
e 

la
s 

di
fe

re
nc

ia
s 

de
l p

ro
m

ed
io

 d
e 

ár
ea

s 
en

tre
 e

l t
es

tig
o 

y 
la

 s
up

er
fic

ie
 

(h
a)

 o
bt

en
id

a 
en

 c
ad

a 
un

a 
de

 l
as

 p
ar

ce
la

s 
(tr

at
am

ie
nt

os
). 

La
 e

xa
ct

itu
d 

se
 d

et
er

m
in

ó 
en

 

té
rm

in
os

 a
bs

ol
ut

os
 b

as
ad

os
 e

n 
la

 d
es

vi
ac

ió
n 

es
tá

nd
ar

 d
e 

la
s d

is
cr

ep
an

ci
as

 (σ
D

). 

 C
ab

e 
de

st
ac

ar
 q

ue
 s

e 
tra

ba
jó

 e
n 

pe
qu

eñ
as

 á
re

as
, e

sp
ec

ífi
ca

m
en

te
 e

n 
pa

rc
el

as
 in

di
vi

du
al

es
. A

sí 

qu
e 

la
 σ

D
 p

er
m

ite
 c

on
oc

er
 a

l 
m

ej
or

 m
ét

od
o,

 s
i 

su
be

st
im

a 
o 

so
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 c
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 d
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 re
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m
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 d
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 d
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l d
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 c
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s p
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) p
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 c
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 d
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 D
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Ó
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 p
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 c
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 d
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 p
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s c
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 c

om
pl

ej
a 

(b
, d

, y
 f)

 e
n 

la
 z

on
a 

de
 e

st
ud

io
. 

 En
 a

lg
un

os
 c
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e;

 
po

r 
su

 
pa

rte
 

Sp
ot

 
pa

nc
ro

m
át

ic
a 

or
to

rr
ec

tif
ic

ad
a 

po
dr

ía
 r
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 c
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 d
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 d
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at
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s p
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, l
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r m
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 d
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 d
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 p
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 c
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 c
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l d
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r c
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 c

om
pl

ej
as

 y
 s

ob
re

 to
do

 e
n 

aq
ue

lla
s 

co
n 
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 d
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 d
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 c
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 m
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l 
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 p
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ie
r 

tra
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nt
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42
). 

Po
r 

es
ta

 r
az

ón
 s

e 
de

be
 c
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 d
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  6.
7.

8.
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oe
fic

ie
nt
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 d
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te
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en
id

os
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 d
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n 
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ie
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 d
e 
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us

te
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st
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e 
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ne
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ro

n 
pa
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 c
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a 
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en
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o 
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nt
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ej
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 d
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m
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a 
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a 
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s 
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m
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es
 e
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 En
 e

l 
C

ua
dr

o 
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 s
e 

m
ue

st
ra

n 
lo

s 
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4 
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ef
ic

ie
nt

es
 g

en
er

ad
os
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se
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la

nd
o,

 q
ue

 e
st

os
 s

e 

ob
tu

vi
er

on
 d

e 
di
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di

r l
a 

su
pe

rf
ic

ie
 o

bt
en

id
a 

en
 c
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po

 p
or

 m
ed

io
 d

e 
le

va
nt

am
ie

nt
o 

to
po

gr
áf
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o 
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tig
o 
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so
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), 
en
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 la

 su
pe

rf
ic
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 o

bt
en
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a 

en
 c
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a 
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o 
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s t
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m

ie
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 e

st
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ie
nt
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en
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 p

os
ib

ili
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d 
de

 d
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 u
na

 r
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om
en

da
ci
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 s

ob
re

 e
l t

ip
o 

de
 im
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en
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ut
ili
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r, 
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 d
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ir,
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e 
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m
en
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 u
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m
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en

 u
 o
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 e

n 
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nc
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n 
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 l
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 d
e 
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ie
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e 
y 

su
pe
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 d

e 
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s 
pa
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el
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 A
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po

r 
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pl
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 e

n 
pa

rc
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as
 c
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pl

ej
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 c
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ie
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 1
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a 

m
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en
er

 d
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a 
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 e
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ad
o 

a 
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r 
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m
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po

t 
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ro

m
át
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 o
rto

rr
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tif
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, 
se

 

de
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 u

til
iz

ar
 e

l c
oe

fic
ie

nt
e 

de
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ju
st

e 
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.9
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r c
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al
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fic
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n 
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en
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s 
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ac
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 p
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de
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 im
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fic
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 re
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N
C

L
U
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O
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C
om

o 
co

nc
lu

si
on

es
 d

e 
la

 p
re

se
nt

e 
in

ve
st

ig
ac

ió
n,

 se
 d

es
ta

ca
 lo

 si
gu

ie
nt

e:
 

 

a)
 

En
 e

st
e 

tra
ba

jo
 s

e 
co

m
pr

ob
ó 

qu
e 

pa
ra

 l
a 

m
ay

or
ía

 d
e 

la
s 

es
tim

ac
io

ne
s 

re
al

iz
ad

as
, 

la
 

pe
nd

ie
nt

e 
de

l t
er

re
no

 li
m

ita
 la

 d
et

er
m

in
ac

ió
n 

ex
ac

ta
 d

e 
la

 s
up

er
fic

ie
 c

ul
tiv

ad
a 

cu
an

do
 

se
 re

al
iz

a 
a 

pa
rti

r d
e 

im
ág

en
es

 sa
te

lit
al

es
 y

 o
rto

fo
to

s d
ig

ita
le

s. 
 

  b)
 

Es
ta

 i
nv

es
tig

ac
ió

n 
ha

 s
id

o 
út

il 
pa

ra
 d

et
er

m
in

ar
 q

ue
 p

ar
a 

pa
rc

el
as

 c
on

 p
en

di
en

te
s 

su
pe

rio
re

s 
de
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%
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se

 o
bt

ie
ne

n 
re

su
lta

do
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m
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ne
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ct

os
 e

n 
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 e
st

im
ac

ió
n 
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 l

a 

su
pe

rf
ic

ie
 c

ul
tiv

ad
a 
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an
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 é

st
a 

se
 r

ea
liz

a 
ex

cl
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iv
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en
te
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 p

ar
tir

 d
e 
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en
es

 d
e 

sa
té

lit
e.

 S
e 

de
m
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tró

 q
ue

 a
 m

ay
or

 p
en
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en

te
 y

 c
om

pl
ej

id
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 d
el

 t
er

re
no

, 
lo

s 
er

ro
re

s 

de
te
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ad

os
 s

on
 m

ay
or

es
 c

ua
nd

o 
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es

tim
ac
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ne

s 
se

 r
ea

liz
an
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ar
tir
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e 

im
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en
es

 d
e 

sa
té
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e 

de
 re
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lu

ci
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ed
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o 
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 e

l c
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de
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po

t m
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l. 
Si
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s 
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m
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no
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n 
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s m
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m
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po
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or

 e
l c
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tra
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s m
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st
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ne

s c
on
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ie
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áf
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