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=0.04)
{

CImg<un
signed

har>r
es(img)
;


img_fo
rYV(res
,y,v)

res.get
_shared
_line(y
,0,v).t
ranslat
e((int)
(40*std
::sin(t
+y/50.0
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ifi
ed

co
py

of
th

e
in

st
an

ce
.

T
he

se
m

et
ho

ds
st

ar
t

w
ith

get_*(
):

CImg<>
img(``
toto.j
pg'');

CImg<>
img2=
img.ge
t_blur
(2);
//'im
g'is
notmo
dified

CImg<>
img3=
img.ge
t_rota
te(20)
.blur(
3);//
'img'
isnot
modifi
ed

⇒
A

lm
os

ta
ll

C
Im

g
m

et
ho

ds
ar

e
de

cl
in

ed
in

to
th

es
e

tw
o

ve
rs

io
ns

.
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ie

w

•
C

on
te

xt
:

Im
ag

e
P

ro
ce

ss
in

g
w

ith
C

+
+

.

•
A

im
an

d
ta

rg
et

ed
au

di
en

ce
.

•
W

hy
co

ns
id

er
in

g
T

he
C

Im
g

Li
br

ar
y

?

⇒
C

Im
g<

T
>

:
A

cl
as

s
fo

r
im

ag
e

m
an

ip
ul

at
io

n.

•
Im

ag
e

co
ns

tr
uc

tio
n,

da
ta

ac
ce

ss
,m

at
h

op
er

at
or

s.

•
B

as
ic

im
ag

e
tr

an
sf

or
m

at
io

ns
.

•
D

ra
w

in
g

th
in

gs
on

im
ag

es
.

•
C

Im
gL

is
t<

T
>

:
Im

ag
e

co
lle

ct
io

n
m

an
ip

ul
at

io
n.

•
B

as
ic

m
an

ip
ul

at
io

n
fu

nc
tio

ns
.

•
C

Im
gD

is
pl

ay
:

Im
ag

e
di

sp
la

y
an

d
us

er
in

te
ra

ct
io

n.

•
D

is
pl

ay
in

g
im

ag
es

in
w

in
do

w
s.
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:

O
ve

rv
ie

w

•
T

hi
s

is
th

e
m

ai
n

cl
as

s
of

th
e

C
Im

g
Li

br
ar

y.
It

ha
s

a
si

ng
le

te
m

pl
at

e
pa

ra
m

et
er

T.
•

A

CImg<T
>repre

se
nt

s
an

im
ag

e
w

ith
pi

xe
ls

of
ty

pe

T(defa
ul

t
te

m
pl

at
e

pa
ra

m
et

er
is

T=floa
t).Sup

po
rt

ed
ty

pe
s

ar
e

th
e

C
/C

+
+

ba
si

c
ty

pe
s

:

bool,
unsign
ed
ha
r,


har,
unsign
edsho
rt,sh
ort,u
nsigne
dint,
int,f
loat,
double

,.
..



C
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T
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:

O
ve

rv
ie

w

•
T

hi
s

is
th

e
m

ai
n

cl
as

s
of

th
e

C
Im

g
Li

br
ar

y.
It

ha
s

a
si

ng
le

te
m

pl
at

e
pa

ra
m

et
er

T.
•

A

CImg<T
>repre

se
nt

s
an

im
ag

e
w

ith
pi

xe
ls

of
ty

pe

T(defa
ul

t
te

m
pl

at
e

pa
ra

m
et

er
is

T=floa
t).Sup

po
rt

ed
ty

pe
s

ar
e

th
e

C
/C

+
+

ba
si

c
ty

pe
s

:

bool,
unsign
ed
ha
r,


har,
unsign
edsho
rt,sh
ort,u
nsigne
dint,
int,f
loat,
double

,.
..

•
A

n
im

ag
e

ha
s

al
w

ay
s

3
sp

at
ia

ld
im

en
si

on
s

(width,
height
,depth

)+
1

hy
pe

rs
pe

ct
ra

l
di

m
en

si
on

(dim):
It

ca
n

re
pr

es
en

ta
ny

da
ta

fr
om

a
sc

al
ar

1D
si

gn
al

to
a

3D
vo

lu
m

e
of

ve
ct

or
-v

al
ue

d
pi

xe
ls

.
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w

•
T

hi
s

is
th

e
m

ai
n

cl
as

s
of

th
e

C
Im

g
Li

br
ar

y.
It

ha
s

a
si

ng
le

te
m

pl
at

e
pa

ra
m

et
er

T.
•

A

CImg<T
>repre

se
nt

s
an

im
ag

e
w

ith
pi

xe
ls

of
ty

pe

T(defa
ul

t
te

m
pl

at
e

pa
ra

m
et

er
is

T=floa
t).Sup

po
rt

ed
ty

pe
s

ar
e

th
e

C
/C

+
+

ba
si

c
ty

pe
s

:

bool,
unsign
ed
ha
r,


har,
unsign
edsho
rt,sh
ort,u
nsigne
dint,
int,f
loat,
double

,.
..

•
A

n
im

ag
e

ha
s

al
w

ay
s

3
sp

at
ia

ld
im

en
si

on
s

(width,
height
,depth

)+
1

hy
pe

rs
pe

ct
ra

l
di

m
en

si
on

(dim):
It

ca
n

re
pr

es
en

ta
ny

da
ta

fr
om

a
sc

al
ar

1D
si

gn
al

to
a

3D
vo

lu
m

e
of

ve
ct

or
-v

al
ue

d
pi

xe
ls

.

•
Im

ag
e

pr
oc

es
si

ng
al

go
rit

hm
s

ar
e

m
et

ho
ds

of

CImg<T
>(6=S

T
L

)
:

blur()
,resi
ze(),

onvol
ve(),
erode(
),loa
d(),s
ave().
...

•
M

et
ho

d
im

pl
em

en
ta

tio
n

ai
m

s
to

ha
nd

le
th

e
m

os
t

ge
ne

ra
l

ca
se

(3
D

vo
lu

m
et

ric
hy

pe
rs

pe
ct

ra
li

m
ag

es
).
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w

-le
ve
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rc
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te

ct
ur

e
(fo

r
ha

ck
er

s!
)

•
T

he
st

ru
ct

ur
e

CImg<T
>isdefi

ne
d

as
:

templa
te<typ
ename
T>str
u
tCI
mg{

unsign
edint
width;

unsign
edint
height
;

unsign
edint
depth;

unsign
edint
dim;

T*dat
a;

};



C
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>
:

Lo
w

-le
ve

lA
rc

hi
te
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ur

e
(fo

r
ha

ck
er

s!
)

•
T

he
st

ru
ct

ur
e

CImg<T
>isdefi

ne
d

as
:

templa
te<typ
ename
T>str
u
tCI
mg{

unsign
edint
width;

unsign
edint
height
;

unsign
edint
depth;

unsign
edint
dim;

T*dat
a;

};

•
A

CImg<T
>imag

e
is

al
w

ay
s

en
tir

el
y

st
or

ed
in

m
em

or
y.

•
A

CImg<T
>isind

ep
en

de
nt

:
it

ha
s

its
ow

n
pi

xe
lb

uf
fe

r.



C
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>
:
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w

-le
ve

lA
rc

hi
te

ct
ur

e
(fo

r
ha

ck
er

s!
)

•
T

he
st

ru
ct

ur
e

CImg<T
>isdefi

ne
d

as
:

templa
te<typ
ename
T>str
u
tCI
mg{

unsign
edint
width;

unsign
edint
height
;

unsign
edint
depth;

unsign
edint
dim;

T*dat
a;

};

•
A

CImg<T
>imag

e
is

al
w

ay
s

en
tir

el
y

st
or

ed
in

m
em

or
y.

•
A

CImg<T
>isind

ep
en

de
nt

:
it

ha
s

its
ow

n
pi

xe
lb

uf
fe

r.

•
C

Im
g

m
em

be
r

fu
nc

tio
ns

(d
es

tr
uc

to
r,

co
ns

tr
uc

to
rs

,
op

er
at

or
s,

...
)

ha
nd

le
m

em
or

y
al

lo
ca

tio
n/

de
sa

llo
ca

tio
n

ef
fic

ie
nt

ly
.



C
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>
:

M
em

or
y

la
yo

ut
(fo

r
ha

ck
er

s!
)

templa
te<typ
ename
T>str
u
tCI
mg{

unsign
edint
width;

unsign
edint
height
;

unsign
edint
depth;

unsign
edint
dim;

T*dat
a;

}; •
P

ix
el

va
lu

es
ar

e
no

ts
to

re
d

in
a

ty
pi

ca
l“

R
G

B
R

G
B

R
G

B
R

G
B

R
G

B
”

or
de

r.

•
P

ix
el

va
lu
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ar

e
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fir
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g
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e
X

-a
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th
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e
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,t
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n
th

e
Z

-a
xi

s,
th

en
th

e
V

-a
xi
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R
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,0
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R
(1

,0
)

...
R

(W
-1

,0
)

...
R

(0
,1

)
R

(1
,1

)
...

R
(W

-1
,1

)
...

.
R

(0
,H

-1
)

R
(1

,H
-1

)
...

R
(W

-1
,H

-1
)

...
G

(0
,0

)
...

G
(W

-1
,H

-1
)

...
B

(0
,0

)
...

B
(W

-1
,H

-1
).
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•
A

im
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d
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et
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au

di
en

ce
.

•
W

hy
co

ns
id

er
in

g
T

he
C

Im
g
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y

?

•
C

Im
g<

T
>

:
A

cl
as

s
fo

r
im

ag
e

m
an

ip
ul

at
io

n.

⇒
Im

ag
e

co
ns

tr
uc

tio
n,

da
ta

ac
ce

ss
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at
h

op
er

at
or

s.

•
B
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ic

im
ag

e
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or
m

at
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ns
.

•
D

ra
w
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g
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im
ag

es
.

•
C

Im
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T
>

:
Im

ag
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n
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n.

•
B
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ic

m
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at
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n
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ns
.

•
C

Im
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:

Im
ag
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y
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d
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C
Im

g<
T

>
:

C
on

st
ru

ct
or

s
(1

)

•
D

ef
au

lt
co

ns
tr

uc
to

r,
co

ns
tr

uc
ts

an
em

pt
y

im
ag

e.

CImg<T
>();

•
N

o
m

em
or

y
al

lo
ca

te
d

in
th

is
ca

se
,i

m
ag

es
di

m
en

si
on

s
ar

e
ze

ro
.

•
U

se
fu

lt
o

de
cl

ar
e

an
im

ag
e

w
ith

ou
ta

llo
ca

tin
g

its
pi

xe
lv

al
ue

s.

#in
lu
de``C
Img.h'
'

using
namesp
a
e
i
mg_lib
rary;

intma
in(){ CImg<u

nsigne
d
har
>img_
8bits;

CImg<u
nsigne
dshor
t>img
_16bit
s;

CImg<f
loat>
img_fl
oat;

return
0;

}



C
Im

g<
T

>
:

C
on

st
ru

ct
or

s
(2

)

•
C

on
st

ru
ct

s
a

4D
im

ag
e

w
ith

sp
ec

ifi
ed

di
m

en
si

on
s.

O
m

itt
ed

di
m

en
si

on
s

ar
e

se
t

to
1

(d
ef

au
lt

pa
ra

m
et

er
).

CImg<T
>(unsi
gnedi
nt,un
signed
int,u
nsigne
dint,
unsign
edint
);

#in
lud
e``CIm
g.h''

usingn
amespa

e
img_
library
;

intmai
n(){ CImg<fl

oat>im
g(100,1
00);/
/2Ds

alarim
age.

CImg<un
signed

har>i
mg2(256
,256,1,
3);//
2D
olo
rimage
.

CImg<bo
ol>img
3(128,1
28,128)
;//3
Ds
ala
rimage
.

CImg<sh
ort>im
g4(64,6
4,32,16
);//3
Dhyper
spe
tra
limage
(16ban
ds).

return
0;

}

•
N

o
in

iti
al

iz
at

io
n

of
pi

xe
lv

al
ue

s
is

pe
rf

or
m

ed
.

C
an

be
do

ne
w

ith
:

CImg<T
>(unsi
gnedi
nt,un
signed
int,u
nsigne
dint,
unsign
edint
,
ons
tT&);



C
Im

g<
T

>
:

C
on

st
ru

ct
or

s
(3

)

•
C

re
at

e
an

im
ag

e
by

re
ad

in
g

an
im

ag
e

fr
om

th
e

di
sk

(f
or

m
at

de
du

ce
d

by
th

e
fil

en
am

e
ex

te
ns

io
n)

.

CImg<T
>(
ons
t
har
*filen
ame);

#in
lu
de``C
Img.h'
'

using
namesp
a
e
i
mg_lib
rary;

intma
in(){ CImg<u

nsigne
d
har
>img(
``noun
ours.j
pg'');

CImg<u
nsigne
dshor
t>img
2(``to
to.png
'');

CImg<f
loat>
img3(`
`toto.
png'')
;

return
0;

}

•
P

ix
el

da
ta

of
th

e
fil

e
fo

rm
at

ar
e

co
nv

er
te

d
(s

ta
tic

ca
st

)
to

th
e

sp
ec

ifi
ed

te
m

pl
at

e
pa

ra
m

et
er

.



C
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g<
T

>
:

In
-p

la
ce

co
ns

tr
uc

to
rs

•

CImg<T
>&ass
ign(..
.)

E
ac

h
co

ns
tr

uc
to

r
ha

s
an

in
-p

la
ce

ve
rs

io
n

w
ith

sa
m

e
pa

ra
m

et
er

s.

CImg<f
loat>
img;

img.as
sign(`
`toto.
jpg'')
;

img.as
sign(2
56,256
,1,3,0
);

img.as
sign()
;

•
T

hi
s

pr
in

ci
pl

e
is

ex
te

nd
ed

to
th

e
ot

he
r

C
Im

g
cl

as
se

s.

CImgLi
st<flo
at>li
st;

list.a
ssign(
img1,i
mg2,im
g3);

CImgDi
splay
disp;

disp.a
ssign(
list,'
'List
displa
y'');



C
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T

>
:

A
cc

es
s

to
im

ag
e

da
ta

in
fo

rm
at

io
ns

•
G

et
th

e
di

m
en

si
on

al
on

g
th

e
X

,Y
,Z

or
V

-a
xi

s
(w

id
th

,h
ei

gh
t,

de
pt

h
or

ch
an

ne
ls

).

intdi
mx()

onst;

intW
=img.
dimx()
,H=
img.di
my(),
D=im
g.dimz
(),V
=img.
dimv()
;



C
Im

g<
T

>
:

A
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es
s

to
im

ag
e

da
ta

in
fo

rm
at

io
ns

•
G

et
th

e
di

m
en

si
on

al
on

g
th

e
X

,Y
,Z

or
V

-a
xi

s
(w

id
th

,h
ei

gh
t,

de
pt

h
or

ch
an

ne
ls

).

intdi
mx()

onst;

intW
=img.
dimx()
,H=
img.di
my(),
D=im
g.dimz
(),V
=img.
dimv()
;

•
G

et
th

e
pi

xe
lv

al
ue

at
sp

ec
ifi

ed
co

or
di

na
te

s.
O

m
ite

d
co

or
di

na
te

s
ar

e
se

tt
o

0.

T&ope
rator(
)(unsi
gnedi
nt,un
signed
int,u
nsigne
dint,
unsign
edint
);

unsign
ed
ha
rR=
img(x,
y),G
=img(
x,y,0,
1),B
=img(
x,y,2)
;

float
val=
volume
(x,y,z
,v);

img(x,
y,z)=
x*y;

(O
ut

-o
f-

bo
un

ds
co

or
di

na
te

s
ar

e
no

tc
he

ck
ed

!)
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•
G

et
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e
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m
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g
th

e
X

,Y
,Z

or
V

-a
xi

s
(W

id
th

,H
ei

gh
t,

D
ep

th
or

C
ha

nn
el

s)
.

intdi
mx()

onst;

intW
=img.
dimx()
,H=
img.di
my(),
D=im
g.dimz
(),V
=img.
dimv()
;

•
G

et
th

e
pi

xe
lv

al
ue

at
sp

ec
ifi

ed
co

or
di

na
te

s.
O

m
ite

d
co

or
di

na
te

s
ar

e
se

tt
o

0.

T&ope
rator(
)(unsi
gnedi
nt,un
signed
int,u
nsigne
dint,
unsign
edint
);

unsign
ed
ha
rR=
img(x,
y),G
=img(
x,y,0,
1),B
=img(
x,y,2)
;

float
val=
volume
(x,y,z
,v);

img(x,
y,z)=
x*y;

(O
ut

-o
f-

bo
un

ds
co

or
di

na
te

s
ar

e
no

tc
he

ck
ed

!)

•
G

et
th

e
pi

xe
lv

al
ue

at
sp

ec
ifi

ed
su

b-
pi

xe
lp

os
iti

on
,u

si
ng

bi
cu

bi
c

in
te

rp
ol

at
io

n.
O

ut
-

of
-b

ou
nd

s
co

or
di

na
te

s
ar

e
ch

ec
ke

d.

float

ubi

pix2d(
float,
float,
unsign
edint
,unsi
gnedi
nt);

float
val=
img.ge
t_
ubi

_pix2
d(x-0.
5f,y-0
.5f);
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C
op

ie
s

an
d

as
si

gn
m

en
ts

•
C

on
st

ru
ct

an
im

ag
e

by
co

py
.

P
er

fo
rm

st
at

ic
pi

xe
lt

yp
e

ca
st

if
ne

ed
ed

.

templa
te<typ
ename
t>CIm
g<T>(

onstC
Img<t>
&img)
;

CImg<f
loat>
img_fl
oat(im
g_doub
le);
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T

>
:

C
op

ie
s

an
d

as
si

gn
m

en
ts

•
C

on
st

ru
ct

an
im

ag
e

by
co

py
.

P
er

fo
rm

st
at

ic
pi

xe
lt

yp
e

ca
st

if
ne

ed
ed

.

templa
te<typ
ename
t>CIm
g<T>(

onstC
Img<t>
&img)
;

CImg<f
loat>
img_fl
oat(im
g_doub
le);

•
A

ss
ig

ne
m

en
to

pe
ra

to
r.

R
ep

la
ce

th
e

in
st

an
ce

im
ag

e
by

a
co

py
of

img.

templa
te<typ
ename
t>CIm
g<T>&
operat
or=(
o
nstCI
mg<t>&
img);

CImg<f
loat>
img;

CImg<u
nsigne
d
har
>img2
(``tot
o.jpg'
'),im
g3(256
,256);

img=
img2;

img=
img3;

•
M

od
ify

in
g

a
co

py
do

es
no

tm
od

ify
th

e
or

ig
in

al
im

ag
e

(o
w

n
pi

xe
lb

uf
fe

r)
.



C
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>
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M
at

h
op

er
at
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s

an
d

fu
nc

tio
ns

•
M

os
to

ft
he

us
ua

lm
at

h
op

er
at

or
s

ar
e

de
fin

ed
:

+,-,*,
/,+=,-
=,...

CImg<f
loat>
img(``
toto.j
pg''),
dest;

dest=
(2*img
+5);

dest+=
img;



C
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M
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h
op

er
at
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s
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d

fu
nc

tio
ns

•
M

os
to

ft
he

us
ua

lm
at

h
op

er
at

or
s

ar
e

de
fin

ed
:

+,-,*,
/,+=,-
=,...

CImg<f
loat>
img(``
toto.j
pg''),
dest;

dest=
(2*img
+5);

dest+=
img;

•
O

pe
ra

to
rs

al
w

ay
s

tr
y

to
re

tu
rn

im
ag

es
w

ith
th

e
be

st
da

ta
ty

pe
.

CImg<u
nsigne
d
har
>img(
``toto
.jpg''
);

CImg<f
loat>
dest;

dest=
img*0.
1f;

img*=0
.1f;
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•
M

os
to
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ua

lm
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op

er
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s

ar
e

de
fin

ed
:

+,-,*,
/,+=,-
=,...

CImg<f
loat>
img(``
toto.j
pg''),
dest;

dest=
(2*img
+5);

dest+=
img;

•
O

pe
ra

to
rs

al
w

ay
s

tr
y

to
re

tu
rn

im
ag

es
w

ith
th

e
be

st
da

ta
ty

pe
.

CImg<u
nsigne
d
har
>img(
``toto
.jpg''
);

CImg<f
loat>
dest;

dest=
img*0.
1f;

img*=0
.1f;

•
U

su
al

m
at

h
fu

nc
tio

ns
ar

e
al

so
de

fin
ed

:

sqrt()
,
os(
),pow
()...

img.po
w(2.5)
;

res=
img.ge
t_pow(
2.5);

res=
img.ge
t_
os(
).pow(
2.5);



C
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>
:

M
at

ric
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op
er
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io

ns

•
T

he

*and/

op
er

at
or

s
co

rr
es

po
nd

s
to

a
m

at
rix

pr
od

uc
t/d

iv
is

io
n

!

CImg<f
loat>
A(3,3)
,v(1,
3);

CImg<f
loat>
res=
A*v;

•
U

se

CImg<T
>::mul
()and

CImg<T
>::div
()forp

oi
nt

w
is

e
op

er
at

or
s.
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M
at

ric
es
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er
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ns

•
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he
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er
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or

s
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rr
es

po
nd

s
to

a
m
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rix

pr
od

uc
t/d

iv
is

io
n

!

CImg<f
loat>
A(3,3)
,v(1,
3);

CImg<f
loat>
res=
A*v;

•
U

se

CImg<T
>::mul
()and

CImg<T
>::div
()forp

oi
nt

w
is

e
op

er
at

or
s.

•
U

su
al

m
at

rix
fu

nc
tio

ns
an

d
tr

an
sf

or
m

at
io

ns
ar

e
av

ai
la

bl
e

in
C

Im
g

:
de

te
rm

in
an

t,
S

V
D

,e
ig

en
va

lu
e

de
co

m
po

si
tio

n,
in

ve
rs

e,
...

CImg<f
loat>
A(10,1
0),v(
1,10);


onst
float
determ
inant
=A.de
t();

CImg<f
loat>
pseudo
_inv=

((A*A.
get_tr
anspos
e()).i
nverse
())*A.
get_tr
anspos
e();

CImg<f
loat>
pseudo
_inv2
=A.ge
t_pseu
doinve
rse();
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at

ric
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op
er
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ns

•
T

he

*and/

op
er

at
or

s
co

rr
es

po
nd

s
to

a
m

at
rix

pr
od

uc
t/d

iv
is

io
n

!

CImg<f
loat>
A(3,3)
,v(1,
3);

CImg<f
loat>
res=
A*v;

•
U

se

CImg<T
>::mul
()and

CImg<T
>::div
()forp

oi
nt

w
is

e
op

er
at

or
s.

•
U

su
al

m
at

rix
fu

nc
tio
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an

d
tr

an
sf

or
m

at
io

ns
ar

e
av

ai
la

bl
e
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Im
g

:
de

te
rm

in
an

t,
S

V
D

,e
ig

en
va

lu
e

de
co

m
po

si
tio

n,
in

ve
rs

e,
...

CImg<f
loat>
A(10,1
0),v(
1,10);


onst
float
determ
inant
=A.de
t();

CImg<f
loat>
pseudo
_inv=

((A*A.
get_tr
anspos
e()).i
nverse
())*A.
get_tr
anspos
e();

CImg<f
loat>
pseudo
_inv2
=A.ge
t_pseu
doinve
rse();

•
W

ar
ni

ng
:

M
at

ric
es

ar
e

vi
ew

ed
as

im
ag

es
,

so
fir

st
in

di
ce

is
th

e
co

lu
m

n
nu

m
be

r,
se

co
nd

is
th

e
lin

e
nu

m
be

r
:

A
ij

=

A(j,i)
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Im
ag

e
de

st
ru

ct
io

n

•
Im

ag
e

de
st

ru
ct

io
n

is
do

ne
in

th
e

�CImg(
)meth

od
.

•
U

se
d

pi
xe

lb
uf

fe
r

m
em

or
y

(if
an

y)
is

au
to

m
at

ic
al

ly
fr

ee
d

by
th

e
de

st
ru

ct
or

.

•
D

es
tr

uc
to

r
is

au
to

m
at

ic
al

ly
ca

lle
d

at
th

e
en

d
of

a
bl

oc
k.

•
M

em
or

y
de

al
lo

ca
tio

n
ca

n
be

fo
rc

ed
by

th
e

assign
()func

tio
n.

CImg<f
loat>
img(10
000,10
000);
//Nee
d4*10
000^2
bytes
=380
Mo

float
det=
img.de
t();

//We
won't
useim
ganym
ore...

img.as
sign()
;

//Equ
ivalen
tto:

img=
CImg<f
loat>(
);
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.
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im
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d
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.

•
W

hy
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ns
id
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g
T
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C
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g
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y

?

•
C

Im
g<

T
>

:
A

cl
as

s
fo

r
im

ag
e

m
an

ip
ul

at
io

n.

•
Im

ag
e

co
ns

tr
uc

tio
n,

da
ta

ac
ce

ss
,m

at
h

op
er

at
or

s.

⇒
B

as
ic

im
ag

e
tr

an
sf

or
m

at
io

ns
.

•
D

ra
w

in
g

th
in

gs
on

im
ag

es
.

•
C

Im
gL

is
t<

T
>

:
Im

ag
e

co
lle

ct
io

n
m

an
ip

ul
at

io
n.

•
B

as
ic

m
an

ip
ul

at
io

n
fu

nc
tio

ns
.

•
C

Im
gD

is
pl

ay
:

Im
ag

e
di

sp
la

y
an

d
us

er
in

te
ra

ct
io

n.

•
D
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pl
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in

g
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Im
ag

e
m

an
ip

ul
at

io
n

•

fill()

:
F

ill
an

im
ag

e
w

ith
on

e
or

se
ve

ra
lv

al
ue

s.

CImg<>
img(25
6,256)
,ve
t
or(1,6
);

img.fi
ll(0);

ve
tor
.fill(
1,2,3,
4,5,6)
;

•
A

pp
ly

ba
si

c
gl

ob
al

tr
an

sf
or

m
at

io
ns

on
pi

xe
lv

al
ue

s.

normal
ize(),

ut(),
quanti
ze(),
thresh
old().

CImg<f
loat>

img(�t
oto.jp
g�);

img.qu
antize
(16);

img.no
rmaliz
e(0,1)
;

img.
u
t(0.2f
,0.8f)
;

img.th
reshol
d(0.5f
);

img.no
rmaliz
e(0,25
5);



C
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:

Im
ag

e
m

an
ip

ul
at

io
n

•

rotate
():Ro

ta
te

an
im

ag
e

w
ith

a
gi

ve
n

an
gl

e.

CImg<>
img(``
milla.
png'')
;

img.ro
tate(3
0);

•

resize
():Re

si
ze

an
im

ag
e

w
ith

a
gi

ve
n

si
ze

.

CImg<>
img(``
mini.j
pg'');

img.re
size(-
300,-3
00);
//-30
0=30
0%

⇒
B

or
de

r
co

nd
iti

on
s

an
d

in
te

rp
ol

at
io

n
ty

pe
s

ca
n

be
ch

os
en

by
th

e
us

er
.



C
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Im
ag

e
m

an
ip

ul
at

io
n

•

get
r
op():G

et
a

su
b−

im
ag

e
of

th
e

in
st

an
ce

im
ag

e.

CImg<>
img(25
6,256)
;

img.ge
t_
rop
(0,0,1
28,128
);//
Getth
euppe
r-left
halfi
mage

•
C

ol
or

sp
ac

e-
co

nv
er

si
on

s
:

RGBtoY
UV(),
RGBtoL
UT(),
RGBtoH
SV(),.
..an

d
in

ve
rs

e
tr

an
sf

or
m

at
io

ns
.

•
F

ilt
er

in
g

:

blur()
,
onv
olve()
,erod
e(),d
ilate(
),FFT
(),de
ri
he(
),....

•
In

th
e

re
fe

re
nc

e
do

cu
m

en
ta

tio
n,

fu
nc

tio
ns

ar
e

gr
ou

pe
d

by
th

em
es

...
.

http:/
/
img.
sour
e
forge.
net/re
feren

e/



C
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g<
T

>
:

Im
ag

e
m

an
ip

ul
at

io
n

#in
lud
e``CIm
g.h''

usingn
amespa

e
img_
library
;

intmai
n(){ CImg<un

signed

har>i
mg(``mi
lla.jpg
'');

img.blu
r(1).
r
op(15,5
2,150,1
88).dil
ate(10)
.mirror
('x');

img.sav
e(``res
ult.png
'');

return
0;

}
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.
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.

•
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•
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>
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s
fo
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im
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e
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ip
ul

at
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n.

•
Im
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e

co
ns

tr
uc
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h

op
er
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or

s.

•
B

as
ic

im
ag

e
tr

an
sf

or
m

at
io

ns
.

⇒
D

ra
w

in
g

th
in

gs
on

im
ag

es
.

•
C

Im
gL

is
t<

T
>

:
Im

ag
e

co
lle

ct
io

n
m

an
ip

ul
at

io
n.

•
B

as
ic

m
an

ip
ul

at
io

n
fu

nc
tio

ns
.
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D
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w
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g
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•
C

Im
g

pr
op

os
es

a
lo

to
ff

un
ct

io
ns

to
dr

aw
fe

at
ur

es
in

im
ag

es
.

⇒
P

oi
nt

s,
lin

es
,c

irc
le

s,
re

ct
an

gl
es

,t
ria

ng
le

s,
te

xt
,v

ec
to

r
fie

ld
s,

3D
ob

je
ct

s,
...

•
A

ll
dr

aw
in

g
fu

nc
tio

n
na

m
es

be
gi

n
w

ith

draw*
().

•
F

ea
tu

re
s

ar
e

dr
aw

n
di

re
ct

ly
on

th
e

in
st

an
ce

im
ag

e
(s

o
th

er
e

ar
e

no
t
onst

).
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•
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so
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T
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.
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•
T

he
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re
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fe
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•
T

he
y
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ip
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je
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s

th
at

ar
e
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to

fi
m

ag
e

bo
un

ds
.

•
E

x
:

CImg&
drawl
ine(in
t,int,
int,in
t,T*);

CImg<u
nsigne
dshor
t>img
(256,2
56,1,5
);//
hypers
pe
tra
limag
eofu
short

unsign
edsho
rt
ol
or[5℄
={0,
8,16,2
4,32}
;//

oloru
sedfo
rthe
drawin
g

img.dr
aw_lin
e(x-2,
y-2,x+
2,y+2,

olor)
.

draw_l
ine(x-
2,y+2,
x+2,y-
2,
olo
r).

draw_

ir
le(
x+10,y
+10,5,

olor)
;
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T
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.

•
E

x
:

CImg&
drawl
ine(in
t,int,
int,in
t,T*);

CImg<u
nsigne
dshor
t>img
(256,2
56,1,5
);//
hypers
pe
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drawin
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draw_l
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;
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>::ve
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.
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olori
mages
100x10
0.

CImgLi
st<flo
at>li
st(20,
100,10
0,1,3)
;

//Ins
erttw
oimag
esat
theen
doft
helis
t.

list.i
nsert(
CImg<f
loat>(
50,50)
);

list.i
nsert(
CImg<u
nsigne
d
har
>(``mi
lla.pp
m''));

//Rem
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ese
o
ndima
gefro
mthe
list.

list.r
emove(
1);

//Res
izeth
e5th
image
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list.

CImg<f
loat>
&ref=
list[4
℄;

ref.re
size(5
0,50);
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.
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:

CImgDi
splay
disp1(
img,``
Myfir
stdis
play''
);

CImgDi
splay
disp2(
640,40
0,''My
se
ond
displa
y'');

•
D

is
pl

ay
/R

ef
re

sh
im

ag
e:

img.di
splay(
disp);

disp.d
isplay
(img);

•
H

an
dl

e
ev

en
ts

:

if(di
sp.key
==
img
::keyQ
){..
.}

if(di
sp.is_
resize
d)dis
p.resi
ze();

if(di
sp.mou
se_x>2
0&&d
isp.mo
use_y<
40){
...}

disp.w
ait();

•
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m
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e

(f
or

an
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)

:

disp.w
ait(20
);
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#in
lu
de"CI
mg.h"

using
namesp
a
e
i
mg_lib
rary;

intma
in(){ CImgDi

splay
disp(2
56,256
,"MyD
isplay
");

while
(!disp
.is_
l
osed)
{

if(di
sp.but
ton&1)
{


onst
intx
=disp
.mouse
_x,y
=disp
.mouse
_y;

CImg<u
nsigne
d
har
>img(
disp.d
imx(),
disp.d
imy())
;

unsign
ed
ha
r
ol[
1℄={
255};

img.fi
ll(0).
draw_

ir
le(
x,y,40
,
ol).
displa
y(disp
);

} if(di
sp.but
ton&2)
disp.r
esize(
-90,-9
0);

if(di
sp.is_
resize
d)dis
p.resi
ze();

disp.w
ait();

} return
0;

}
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CImg<T
>(14C

++
lin

es
)

CImg<>img
=CImg<>("
img/milla.
ppm").norm
alize(0,1)
;

CImgl<unsi
gned
har>
visu(img*2
55,CImg<u
nsigned
h
ar>(512,30
0,1,3,0));


onstunsi
gned
har
yellow[3℄
={255,255
,0},blue[
3℄={0,155,
255},blue
2[3℄={0,0,
255},blue
3[3℄={0,0,
155},

white[3℄={
255,255,25
5};

CImgDispla
ydisp(vis
u,"Imagea
ndHistogr
am(Mouse

li
ktos
ettheGam
ma
orre
t
ion)",0);

for(doubl
egamma=1;
!disp.
los
ed&&disp
.key!=
img
::keyQ&&
disp.key!=

img::keyE
SC;){


img_forXY
ZV(visu[0℄
,x,y,z,k)
visu[0℄(x,
y,z,k)=(
unsigned

har)(pow((
double)img
(x,y,z,k),
1.0/gamma)
*256);


onstCImg
<>hist=
visu[0℄.ge
t_histogra
m(50,0,255
);

visu[1℄.fi
ll(0).draw
_text(50,5
,white,NUL
L,1,"Gamma
=%g",gamm
a).

draw_graph
(hist,yell
ow,1,20000
,0).draw_g
raph(hist,
white,2,20
000,0);


onstint
xb=(int)
(50+gamma*
150);

visu[1℄.dr
aw_re
tang
le(51,21,x
b-1,29,blu
e2).draw_r
e
tangle(5
0,20,xb,20
,blue).dra
w_re
tangl
e(xb,20,xb
,30,blue);

visu[1℄.dr
aw_re
tang
le(xb,30,5
0,29,blue3
).draw_re

tangle(50,
20,51,30,b
lue3);

if(disp.b
utton&&d
isp.mouse_
x>=img.dim
x()+50&&
disp.mouse
_x<=img.di
mx()+450)
gamma=(d
isp.mouse_
x-img.dimx
()-50)/150
.0;

disp.resiz
e(disp).di
splay(visu
).wait();

}
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pl

e
so

lu
tio

n,
us

in
g

a
3x

3
m

as
k

:

CImg<u
nsigne
d
har
>img(
``mill
a.jpg'
'),ma
sk(3,3
);

CImg<>
dest(i
mg);

CImg_3
x3(I,f
loat);


img_f
orV(im
g,v)

img_fo
r3x3(i
mg,x,y
,0,v,I
)

dest(x
,y)=
mask(0
,0)%Ip
p+ma
sk(1,0
)%I
p
+mask
(2,0)%
Inp

+mask
(0,1)%
Ip
+
mask(1
,1)%I


+ma
sk(2,1
)%In


+mask
(0,2)%
Ipn+
mask(1
,2)%I

n+ma
sk(2,2
)%Inn;

}



O
ut

lin
e

-
PA

R
T

II
of

II
:M

or
e

in
si

gh
ts

•
Im

ag
e
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g
:
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e.

•
C
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vo
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tio

n
-

C
or

re
la

tio
n.

•
M

or
ph

om
at

hs
-

M
ed

ia
n

F
ilt

er
.

•
A

ni
so

tr
op

ic
sm

oo
th

in
g.

•
O

th
er

re
la

te
d

fu
nc

tio
ns

.

•
Im

ag
e

Lo
op

s
:

U
si

ng
pr

ed
efi

ne
d

m
ac

ro
s.

•
S

im
pl

e
lo

op
s.

•
N

ei
gh

bo
rh

oo
d

lo
op

s.

⇒
T

he
pl

ug
-in

m
ec

ha
ni

sm
.

•
D

ea
lin

g
w

ith
3D

ob
je

ct
s.

•
S

ha
re

d
im

ag
es

.
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S
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s

or
de
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es
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ec
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c

fu
nc

tio
ns

,e
ith

er
ve

ry
sp
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ia

liz
ed

or
no

tg
en

er
ic

en
ou

gh
.

•
N

ot
su
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bl

e
to

be
in

te
gr

at
ed

in
th

e
C
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g
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ti
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g
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.



C
Im

g
pl

ug
in

s

•
S

om
et

im
es

an
us

er
ne

ed
s

or
de

fin
es

sp
ec

ifi
c

fu
nc

tio
ns

,e
ith

er
ve

ry
sp

ec
ia

liz
ed

or
no

tg
en

er
ic

en
ou

gh
.

•
N

ot
su

ita
bl

e
to

be
in

te
gr

at
ed

in
th

e
C

Im
g

Li
br

ar
y,

bu
ti

nt
er

es
tin

g
to

sh
ar

e
an

yw
ay

.

⇒
In

te
gr

at
io

n
po

ss
ib

le
in

C
Im

g
vi

a
th

e
pl

ug
-in

s
m

ec
ha

ni
sm

.

#defin
e
img
_plugi
n``my
_plugi
n.h''

#in
lu
de``C
Img.h'
'

using
namesp
a
e
i
mg_lib
rary;

intma
in(){ CImg<>

img(``
milla.
jpg'')
;

img.my
_wonde
rful_f
un
tio
n();

return
0;

}



C
Im

g
pl

ug
in

s

•
P

lu
gi

n
fu

nc
tio

ns
ar

e
di

re
ct

ly
ad

de
d

as
m

em
be

r
fu

nc
tio

ns
of

th
e

C
Im

g
cl

as
s.

//Fil
e``my
_plugi
n.h''

//----
------
------
-----

CImg<T
>my_w
onderf
ul_fun

tion(
){

(*this
)=(T)3
.14f;

return
*this;

}



C
Im

g
pl

ug
in

s

•
P

lu
gi

n
fu

nc
tio

ns
ar

e
di

re
ct

ly
ad

de
d

as
m

em
be

r
fu

nc
tio

ns
of

th
e

C
Im

g
cl

as
s.

//Fil
e``my
_plugi
n.h''

//----
------
------
-----

CImg<T
>my_w
onderf
ul_fun

tion(
){

(*this
)=(T)3
.14f;

return
*this;

}

•
V

er
y

fle
xi

bl
e

sy
st

em
,i

m
pl

em
en

te
d

as
ea

si
ly

as
:


lass
CImg<T
>{

... #ifdef

img_p
lugin

#in
lu
de
im
g_plug
in

#endif };
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.
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e
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,

w
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t

m
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g
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e
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ra
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ur
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de
.

–
A

llo
w

to
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liz
e
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ac
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C
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g
pl

ug
in

s

•
A

dv
an

ta
ge

s
:

–
A

llo
w

cr
ea

tio
ns

or
m

od
ifi

ca
tio

ns
of

ex
is

tin
g

fu
nc

tio
ns

by
th

e
us

er
,

w
ith

ou
t

m
od

ify
in

g
th

e
lib

ra
ry

so
ur

ce
co

de
.

–
A

llo
w

to
sp

ec
ia

liz
e

th
e

lib
ra

ry
ac

co
rd

in
g

to
th

e
us

er
’s

w
or

k.
–

A
llo

w
an

ea
sy

re
di

st
rib

ut
io

n
of

us
ef

ul
fu

nc
tio

ns
as

op
en

so
ur

ce
co

m
po

ne
nt

s.
⇒

A
ve

ry
go

od
w

ay
to

co
nt

rib
ut

e
to

th
e

lib
ra

ry
.



C
Im

g
pl

ug
in

s

•
A

dv
an

ta
ge

s
:

–
A

llo
w

cr
ea

tio
ns

or
m

od
ifi

ca
tio

ns
of

ex
is

tin
g

fu
nc

tio
ns

by
th

e
us

er
,

w
ith

ou
t

m
od

ify
in

g
th

e
lib

ra
ry

so
ur

ce
co

de
.

–
A

llo
w

to
sp

ec
ia

liz
e

th
e

lib
ra

ry
ac

co
rd

in
g

to
th

e
us

er
’s

w
or

k.
–

A
llo

w
an

ea
sy

re
di

st
rib

ut
io

n
of

us
ef

ul
fu

nc
tio

ns
as

op
en

so
ur

ce
co

m
po

ne
nt

s.
⇒

A
ve

ry
go

od
w

ay
to

co
nt

rib
ut

e
to

th
e

lib
ra

ry
.

•
E

xi
st

in
g

pl
ug

in
s

in
th

e
de

fa
ul

tC
Im

g
pa

ck
ag

e
:

–
Lo

ca
te

d
in

th
e

di
re

ct
or

y

CImg/p
lugins
/

–


img_m
atlab.
h:Prov

id
e

co
de

in
te

rf
ac

e
be

tw
ee

n
C

Im
g

an
d

M
at

la
b

im
ag

es
.

–

nlmean
s.h:Im

pl
em

en
ta

tio
n

of
N

on
-L

oc
al

M
ea

n
F

ilt
er

(B
ua

de
s

et
al

).
–

noise_
analys
is.h:A

dv
an

ce
d

st
at

is
tic

s
fo

r
no

is
e

es
tim

at
io

n.
–

toolbo
x3d.h:

F
un

ct
io

ns
to

co
ns

tr
uc

tc
la

ss
ic

al
3D

m
es

he
s

(c
ub

es
,s

ph
er

e,
...

)



C
Im

g
pl

ug
in

s

•
P

lu
g-

in
s

va
ria

bl
es

:

–

#defin
e
img
_plugi
n:Add

fu
nc

tio
ns

to
th

e

CImg<T
>class

.
–

#defin
e
img
list_p
lugin:

A
dd

fu
nc

tio
ns

to
th

e

CImgLi
st<T>c

la
ss

.

•
U

si
ng

se
ve

ra
lp

lu
g-

in
s

is
po

ss
ib

le
:

#defin
e
img
_plugi
n``al
l_plug
ins.h'
'.

//fil
e``al
l_plug
ins.h'
'

#in
lu
de``p
lugin1
.h''

#in
lu
de``p
lugin2
.h''

#in
lu
de``p
lugin3
.h''

⇒
W

ith
th

e
pl

ug
in

m
ec

ha
ni

sm
,C

Im
g

is
a

ve
ry

op
en

fr
am

ew
or

k
fo

r
im

ag
e

pr
oc

es
si

ng
.
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F
ilt
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in

g
:

G
oa
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nd

pr
in

ci
pl

e.

•
C

on
vo

lu
tio

n
-

C
or

re
la

tio
n.

•
M

or
ph

om
at

hs
-

M
ed

ia
n

F
ilt

er
.

•
A

ni
so

tr
op

ic
sm

oo
th

in
g.

•
O

th
er

re
la

te
d

fu
nc

tio
ns

.

•
Im

ag
e

Lo
op

s
:

U
si

ng
pr

ed
efi

ne
d

m
ac

ro
s.

•
S

im
pl

e
lo

op
s.

•
N

ei
gh

bo
rh

oo
d

lo
op

s.

•
T

he
pl

ug
-in

m
ec

ha
ni

sm
.

⇒
D

ea
lin

g
w

ith
3D

ob
je

ct
s.

•
S

ha
re

d
im

ag
es

.



3D
O

bj
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tV
is

ua
liz

at
io

n
:

C
on

te
xt

•
In

a
lo

t
of

im
ag

e
pr

oc
es

si
ng

pr
ob

le
m

s,
on

e
ne

ed
s

to
re

co
ns

tr
uc

t
3D

m
od

el
s

fr
om

ra
w

im
ag

e
da

ta
se

ts
.

–
3D

fr
om

st
er

eo
im

ag
es

/m
ul

tip
le

ca
m

er
as

.
–

3D
su

rf
ac

e
re

co
ns

tr
uc

tio
n

fr
om

vo
lu

m
et

ric
M

R
Ii

m
ag

es
.

–
3D

su
rf

ac
e

re
co

ns
tr

uc
tio

n
fr

om
po

in
ts

cl
ou

ds
(3

D
sc

an
ne

r)
.



3D
O

bj
ec

tV
is

ua
liz

at
io

n
:

C
on

te
xt

⇒
B

as
ic

an
d

in
te

rg
ra

te
d

3D
m

es
he

s
vi

su
al

iz
at

io
n

ca
pa

bi
lit

ie
s

m
ay

be
us

ef
ul

in
an

y
im

ag
e

pr
oc

es
si

ng
lib

ra
ry

.

•
...

bu
t

w
e

do
n’

t
w

an
t

to
re

pl
ac

e
co

m
pl

et
e

3D
re

nd
er

in
g

lib
ra

rie
s

(o
pe

nG
L,

D
ire

ct
3D

,V
T

K
,.

..)
.

•
C

Im
g

al
lo

w
s

to
vi

su
al

iz
e

3D
ob

je
ct

s
fo

r
pu

nc
tu

al
s

ne
ed

s.

–
C

an
di

sp
la

ys
a

se
to

f3
D

pr
im

iti
ve

s
(p

oi
nt

s,
lin

es
,t

ria
ng

le
s)

w
ith

gi
ve

n
op

ac
ity

.
–

C
an

re
nd

er
ob

je
ct

s
w

ith
fla

t,
go

ur
au

d
or

ph
on

g-
lik

e
lig

ht
m

od
el

s.
–

C
on

ta
in

s
an

in
te

ra
ct

iv
e

di
sp

la
y

fu
nc

tio
n

to
vi

ew
th

e
3D

ob
je

ct
.

–
Te

xt
ur

e
m

ap
pi

ng
su

pp
or

te
d.

–
N

o
m

ul
tip

le
lig

ht
s

al
lo

w
ed

.
–

N
o

G
P

U
ac

ce
le

ra
tio

n.
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•
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C
ur

va
tu

re
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w

.

•
Im

ag
e
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su
rf
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e.

•
To

ol
bo
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D

.
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n
:

H
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w

or
ks

?

•
C

Im
g

ha
s

a

CImg<T
>::dra
w_*()f

un
ct

io
n
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n

dr
aw

a
pr
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ec

tio
n
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ob

je
ct

in
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a
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im
ag

e
:

CImg<T
>::dra
wobje

t3d()

•
H

ig
h-
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ve
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nt
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e

3D
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je
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:

CImg<T
>::dis
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bje
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d()
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.



3D
O

bj
ec

tV
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ua
liz
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io

n
:

H
ow

do
es

it
w

or
ks

?

•
C

Im
g

ha
s

a

CImg<T
>::dra
w_*()f

un
ct

io
n

th
at

ca
n

dr
aw

a
pr

oj
ec

tio
n

of
a

3D
ob

je
ct

in
to

a
2D

im
ag

e
:

CImg<T
>::dra
wobje

t3d()

•
H

ig
h-

le
ve

li
nt

er
ac

tiv
e

3D
ob

je
ct

di
sp

la
y

:

CImg<T
>::dis
playo
bje
t3
d()

⇒
A

ll
3D

vi
su

al
iz

at
io

n
ca

pa
bi

lit
ie

s
of

C
Im

g
ar

e
ba

se
d

on
th

es
e

tw
o

fu
nc

tio
ns

.

•
N

ee
de

d
pa

ra
m

et
er

s
:

–
A

CImgLi
st<tp>

of
3D

po
in

ts
co

or
di

na
te

s
(s

iz
e

M
).

–
A

CImgLi
st<tf>

of
pr

im
iti

ve
s

(s
iz

e
N

).
–

A

CImgLi
st<T>o

fc
ol

or
s/

te
xt

ur
es

(s
iz

e
N

).
–

A

CImgLi
st<to>

of
op

ac
iti

es
(s

iz
e

N
)

(o
pt

io
na

lp
ar

am
et

er
).



D
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a
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us
e

:
bu

ild
in

g
po

in
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is
t

CImgLi
st<flo
at>po
ints(9
,1,3,1
,1,

-50,-5
0,-50,
//Poi
nt0

50,-50
,-50,
//Poi
nt1

50,50,
-50,
//Poi
nt2

-50,50
,-50,
//Poi
nt3

-50,-5
0,50,
//Poi
nt4

50,-50
,50,
//Poi
nt5

50,50,
50,
//Poi
nt6

-50,50
,50,
//Poi
nt7

0,-100
,0);
//Poi
nt8

⇒
Li

st
of

9
ve

ct
or

s
(im

ag
es

1x
3)

w
ith

sp
ec

ifi
ed

co
or

di
na

te
s.
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a
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e

:
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ild
in

g
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ve
s
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t

CImgLi
st<uns
igned
int>p
rimiti
ves(6,
1,4,1,
1,

0,1,5,
4,//
Fa
e0

3,7,6,
2,//
Fa
e1

1,2,6,
5,//
Fa
e2

0,4,7,
3,//
Fa
e3

0,3,2,
1,//
Fa
e4

4,5,6,
7);//
Fa
e5

primit
ives.i
nsert(
CImgLi
st<uns
igned
int>(4
,1,2,1
,1,

0,8,
//Seg
ment6

1,8,
//Seg
ment7

5,8,
//Seg
ment8

4,8));
//Seg
ment9

⇒
Li

st
of

10
ve

ct
or

s
:

6
re

ct
an

gl
e

+
4

se
gm

en
ts

.



D
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pl
ay

a
ho

us
e

:
bu

ild
in

g
co

lo
rs

CImgLi
st<uns
igned

har>

olors
;


olors
.inser
t(6,CI
mg<uns
igned

har>:
:ve
to
r(255,
0,255)
);


olors
.inser
t(4,CI
mg<uns
igned

har>:
:ve
to
r(255,
255,25
5));

•
T

he
n,

...
.

vi
su

al
iz

e.

CImg<u
nsigne
d
har
>(800,
600,1,
3).fil
l(0).

displa
y_obje

t3d(p
oints,
primit
ives,

olors)
;
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an
sp
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en

th
ou

se
:
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ng
pr

im
iti

ve
op

ac
iti

es

CImgLi
st<flo
at>op
a
itie
s;

opa
it
ies.in
sert(6
,CImg<
>::ve

tor(0.
5f));

opa
it
ies.in
sert(4
,CImg<
>::ve

tor(1.
0f));

•
T

he
n,

...
.

vi
su

al
iz

e.

CImg<u
nsigne
d
har
>(800,
600,1,
3).fil
l(0).

displa
y_obje

t3d(p
oints,
primit
ives,

olors,
opa
it
ies);

•
O

th
er

pa
ra

m
et

er
s

of
th

e
3D

fu
nc

tio
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al
lo

w
to

se
t:

•
Li

gh
tp

os
iti

on
,a

nd
am

bi
an

tl
ig

ht
in

te
ns

ity
.

•
C

am
er

a
po

si
tio

n
an

d
fo

ca
le

.
•

R
en

de
rin

g
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CImg<T
>::
ub
e(),CI
mg<T>:
:spher
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mg<T>:
:
ylin
der(),
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•
Li

br
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y
fu

nc
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CImg<T
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ubes(
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Img<T>
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at
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CImg<>
img(``
volume
MRI.in
r'');

CImg<>
region
;

float
bla
k[
1℄={0}
;

img.dr
aw_fil
l(X0,Y
0,Z0,b
la
k,r
egion,
10.0f)
;

(regio
n*=-1)
.blur(
1.0f).
normal
ize(-1
,1);

CImgLi
st<>p
oints,
fa
es;

region
.mar
h
ing_
u
bes(0,
points
,fa
es
);

CImgLi
st<uns
igned

har>

olors
;


olors
.inser
t(fa
e
s.size
,CImg<
unsign
ed
ha
r>::ve

tor(2
00,100
,20));

CImg<u
nsigne
d
har
>(800,
600,1,
3).fil
l(0).

displa
y_obje

t3d(p
oints,
fa
es,

olors
);
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.
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.
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:
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im
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a
fu

nc
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n
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onst

CImg<>
img(``
milla.
jpg'')
;

CImgLi
st<>R
G=im
g.get_

hanne
ls(0,1
).get_
split(
'v');
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:
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CImg<>
img(``
milla.
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CImgLi
st<>R
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g.get_
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).get_
split(
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e
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th
e

im
ag
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CImg<>
img(``
milla.
jpg'')
;

img.dr
aw_ima
ge(img
.get_

hannel
(1).bl
ur(3),
0,0,0,
1);
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im
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e
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CImg<>
img(``
milla.
jpg'')
;

CImgLi
st<>R
G=im
g.get_
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).get_
split(
'v');
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im
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:

CImg<>
img(``
milla.
jpg'')
;

img.dr
aw_ima
ge(img
.get_

hannel
(1).bl
ur(3),
0,0,0,
1);

⇒
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CImg<>
img(``
milla.
jpg'')
;

CImgLi
st<>R
G=im
g.get_

hanne
ls(0,1
).get_
split(
'v');
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onst
CImg<>
img(``
milla.
jpg'')
;

CImgLi
st<>R
G=im
g.get_
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els(0,
1).get
_split
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img(``
milla.
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;

img.dr
aw_ima
ge(img
.get_

hannel
(1).bl
ur(3),
0,0,0,
1);

by

CImg<>
img(``
milla.
jpg'')
;

img.ge
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).blur
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:

•

CImg<T
>::get
_share
d_poin
t[s℄()

•

CImg<T
>::get
_share
d_line
[s℄()

•

CImg<T
>::get
_share
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•

CImg<T
>::get
_share
d_
han
nel[s℄
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•

CImg<T
>::get
_share
d()

•
Im
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e
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e

CImg<T
>::is_
shared

te
lls

ab
ou

tt
he

sh
ar

ed
st

at
e

of
an

im
ag

e.
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m
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:

CImgLi
st<>l
ist;

CImg<>
shared
=img.
get_sh
ared_

hannel
(0);

list.i
nsert(
shared
);

shared
.assig
n();
//OK,
'list'
notmo
dified
.
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CImgLi
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e
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CImgLi
st<uns
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har>

olors
;

CImg<u
nsigne
d
har
>
olo
r=CI
mg<uns
igned

har>:
:ve
to
r(255,
0,255)
;

list.i
nsert(
1000,

olors,
list.s
ize,tr
ue);


olor.
fill(0
);
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st'wi
llbe
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d.



C
on

cl
us

io
n



C
on

cl
us

io
n

an
d

Li
nk

s

•
T

he
C

Im
g

Li
br

ar
y

ea
se

s
th

e
co

di
ng

of
im

ag
e

pr
oc

es
si

ng
al

go
rit

hm
s.

•
F

or
m

or
e

de
ta

ils
,p

le
as

e
go

to
th

e
of

fic
ia

lC
Im

g
si

te
!

http:/
/
img.
sour
e
forge.
net/

•
A

’c
om

pl
et

e’
in

lin
e

re
fe

re
nc

e
do

cu
m

en
ta

tio
n

is
av

ai
la

bl
e

(g
en

er
at

ed
w

ith

doxyge
n).

•
A

lo
t

of
si

m
pl

e
ex

am
pl

es
ar

e
pr

ov
id

ed
in

th
e

C
Im

g
pa

ck
ag

e,
co

ve
rin

g
a

lo
t

of
co

m
m

on
im

ag
e

pr
oc

es
si

ng
ta

sk
s.

It
is

th
e

be
st

in
fo

rm
at

io
n

so
ur

ce
to

un
de

rs
ta

nd
ho

w
C

Im
g

ca
n

be
us

ed
at

a
fir

st
gl

an
ce

.

•
F

in
al

ly
,

qu
es

tio
ns

ab
ou

t
C

Im
g

ca
n

be
po

st
ed

in
its

ac
tiv

e
S

ou
rc

ef
or

ge
fo

ru
m

:
(A

va
ila

bl
e

fr
om

th
e

m
ai

n
pa

ge
).



C
on

cl
us

io
n

an
d

Li
nk

s

•
N

ow
,y

ou
kn

ow
al

m
os

te
ve

ry
th

in
g

to
ha

nd
le

co
m

pl
ex

im
ag

e
pr

oc
es

si
ng

ta
sk

s
w

ith
th

e
C

Im
g

Li
br

ar
y.

⇒
Yo

u
ca

n
co

nt
rib

ut
e

to
th

is
op

en
so

ur
ce

pr
oj

ec
t:

–
S

ub
m

it
bu

g
re

po
rt

s
an

d
pa

tc
he

s.
–

P
ro

po
se

ne
w

ex
am

pl
es

or
pl

ug
-in

s
.



U
se

d
in

re
al

w
or

ld
:

“G
R

E
Y

C
st

or
at

io
n”

•
T

hi
s

an
is

ot
ro

pi
c

sm
oo

th
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