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2
8

S
_

L
C

D
_

D
IS

P
L

A
Y

_
S

IZ
E

 ((V
IS

_
L

C
D

_
D

IS
P

L
A

Y
_

R
O

W
*V

IS
_

L
C

D
_

D
IS

P
L

A
Y

_
C

O
L

)>
>

3
)

s
p

a
c
e

 */
T

E
 V

IS
_

R
G

B
S

p
a

c
e

[1
<

<
V

IS
_

M
S

B
][1

<
<

V
IS

_
M

S
B

][1
<

<
V

IS
_

M
S

B
];

−
>

 H
u

e
 c

o
n

v
e

rs
io

n
 ta

b
le

 */
T

E
 V

IS
_

H
u

e
T

a
b

le
[1

<
<

V
IS

_
M

S
B

][1
<

<
V

IS
_

M
S

B
][1

<
<

V
IS

_
M

S
B

];

ia
n

 h
u

e
 a

n
d

 a
u

to
m

a
tic

 ra
n

g
e

 s
tru

c
tu

re
 */

ru
c
t {

  /* M
e

d
ia

n
 h

u
e

 v
a

lu
e

 */
e

; /* R
a

n
g

e
 a

ro
u

n
d

 th
e

 m
e

d
ia

n
 v

a
lu

e
 */

n
e

H
u

e
;

g
e

 p
ro

c
e

s
s
in

g
 s

tru
c
t : ta

b
le

 −
>

 u
n

d
e

n
o

is
e

d
 c

la
s
s
, in

d
e

x
, X

 a
n

d
 Y

_
lis

t d
e

n
o

is
e

d
 d

a
ta

 */
ru

c
t {

b
le

;  /* B
in

a
ry

 ta
b

le
 */

lis
t; /* X

 p
o

s
itio

n
s
 lis

t */
lis

t; /* Y
 p

o
s
itio

n
s
 lis

t */
e

x
;   /* N

u
m

b
e

r o
f e

le
m

e
n

ts
 in

 X
_

lis
t a

n
d

 Y
_

lis
t */

e
s
s
;

o
rith

m
 o

p
tio

n
s
 s

tru
c
t */

ru
c
t {

th
; /* d

e
n

o
is

e
 o

n
e

 d
o

t a
ro

u
n

d
 */

t;  /* u
s
e

 fa
s
t a

lg
o

rith
m

, o
n

ly
 fo

r d
e

p
th

=
1

 */
p

;  /* p
ro

c
e

s
s
 e

v
e

ry
 d

o
ts

 o
r tw

o
 d

o
ts

 o
n

ly
 */

p
;  /* s

h
ift fo

r lo
o

p
s
, m

o
d

ifie
d

 in
te

rn
a

lly
 lo

o
p

=
s
te

p
−

1
 */

;e
c
t s

tru
c
tu

re
 : c

la
s
s
 a

n
d

 lim
its

 */
ru

c
t {

s
s
;                 /* C

la
s
s
 n

u
m

b
e

r o
f th

e
 o

b
je

c
t */

, b
o

t, rig
h

t, le
ft; /* C

o
o

rd
in

a
te

s
 o

f th
e

 fo
u

n
d

 o
b

je
c
t */

c
t;

e
ra

 a
n

g
le

s
 a

n
d

 p
o

s
itio

n
s
 o

ffs
e

ts
 to

 c
a

lib
ra

te
 */

ru
c
t {

p
h

a
;   /* S

e
rv

o
 a

lp
h

a
 o

ffs
e

t */
ig

h
t;  /* C

a
m

e
ra

 h
e

ig
h

t */
n

g
h

t;  /* C
a

m
e

ra
 d

is
ta

n
c
e

 to
 th

e
 m

id
d

le
 o

f th
e

 ro
b

o
t */

g
le

;   /* L
e

n
s
 a

n
g

le
 in

 ra
d

ia
n

s
 */

ta
;    /* C

a
m

e
ra

 b
e

ta
 o

ffs
e

t */
ra

O
ffs

e
t;

a
n

c
e

s
 lo

o
k
u

p
 ta

b
le

s
 : n

o
rm

a
l ta

b
le

, b
o

rd
e

r ta
b

le
, a

n
g

le
 ta

b
le

s
 */

ru
c
t {

s
t_

d
is

t[2
][im

a
g

e
ro

w
s
][im

a
g

e
c
o

lu
m

n
s
];     /* D

ire
c
t re

la
tiv

e
 d

is
ta

n
c
e

, b
o

rd
e

r o
r n

o
rm

a
l */

s
t_

c
o

o
rd

[2
][2

][im
a

g
e

ro
w

s
][im

a
g

e
c
o

lu
m

n
s
]; /* R

e
la

tiv
e

 d
is

ta
n

c
e

 in
 x

 a
n

d
 y

, b
o

rd
e

r o
r n

o
rm

a
l */

s
t_

a
n

g
le

[2
][im

a
g

e
ro

w
s
][im

a
g

e
c
o

lu
m

n
s
];    /* A

lp
h

a
 a

n
d

 b
e

ta
 a

n
g

le
s
 */

a
n

c
e

T
a

b
le

s
;

a
n

c
e

 s
tru

c
tu

re
 */

ru
c
t {

ro
w

; /* d
e

p
th

 d
is

ta
n

c
e

 */
c
o

l; /* s
id

e
 d

is
ta

n
c
e

 */
s
t;  /* d

ire
c
t d

is
ta

n
c
e

 : d
is

t^
2

=
d

_
ro

w
^
2

+
d

_
c
o

l^
2

 */
p

h
a

; /* s
id

e
w

a
y
s
 a

n
g

le
 */

ta
;  /* u

p
−

d
o

w
n

 a
n

g
le

 */
a

n
c
e

;

**************************************************************************************************/
o

n
 fu

n
c
tio

n
s
                                                                                     */

**************************************************************************************************/
v

e
rts

 (R
,G

,B
) trip

le
t in

to
 H

u
e

 v
a

lu
e

 */

B
Y

T
E

 V
IS

_
R

G
B

2
H

u
e

(B
Y

T
E

 R
, B

Y
T

E
 G

, B
Y

T
E

 B
);

/* C
o

n
v
e

rts
 (R

,G
,B

) trip
le

t in
to

 S
a

tu
ra

tio
n

 v
a

lu
e

 */
B

Y
T

E
 V

IS
_

R
G

B
2

S
a

t(B
Y

T
E

 R
, B

Y
T

E
 G

, B
Y

T
E

 B
);

/* C
o

n
v
e

rts
 (R

,G
,B

) trip
le

t in
to

 In
te

n
s
ity

 v
a

lu
e

 */
B

Y
T

E
 V

IS
_

R
G

B
2

In
t(B

Y
T

E
 R

, B
Y

T
E

 G
, B

Y
T

E
 B

);
/* F

ills
 th

e
 H

u
e

 ta
b

le
 fo

r fa
s
te

r c
o

n
v
e

rs
io

n
 */

v
o

id
 V

IS
_

F
illH

u
e

T
a

b
le

(v
o

id
);

/* F
ills

 th
e

 R
G

B
 s

p
a

c
e

 c
u

b
e

 w
ith

 a
 c

o
lo

u
r c

la
s
s
 */

v
o

id
 V

IS
_

F
illR

G
B

S
p

a
c
e

(B
Y

T
E

 H
u

e
M

in
, B

Y
T

E
 H

u
e

M
a

x
, B

Y
T

E
 S

a
tu

ra
tio

n
, B

Y
T

E
 C

o
lo

u
rC

la
s
s
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

);
/* F

ills
 a

 w
h

ite
 c

la
s
s
 in

 th
e

 R
G

B
 s

p
a

c
e

. T
h

e
 s

h
a

d
e

 b
e

tw
e

e
n

 b
la

c
k
 a

n
d

 w
h

ite
 is

 d
e

fin
e

d
 b

y
 th

e
 in

te
n

s
ity

 */
v
o

id
 V

IS
_

F
illW

h
ite

C
la

s
s
(B

Y
T

E
 S

a
tM

in
, B

Y
T

E
 S

a
tM

a
x
, B

Y
T

E
 In

tM
in

, B
Y

T
E

 In
tM

a
x
,

B
Y

T
E

 C
o

lo
u

rC
la

s
s
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

);
/* D

e
n

o
is

e
 e

v
e

ry
 p

ix
e

ls
 */

in
t  V

IS
_

R
e

d
u

c
e

N
o

is
e

(V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
, in

t le
n

);
/* D

e
n

o
is

e
 e

v
e

ry
 p

ix
e

ls
 f i.e

. n
o

 fo
r, o

n
e

 p
ix

e
l a

ro
u

n
d

 */
in

t  V
IS

_
R

e
d

u
c
e

N
o

is
e

f(V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
);

/* D
e

n
o

is
e

 2
 i.e

. e
v
e

ry
 tw

o
 p

ix
e

ls
 */

in
t  V

IS
_

R
e

d
u

c
e

N
o

is
e

2
(V

IS
_

P
ro

c
e

s
s
 *P

ro
c
e

s
s
, in

t le
n

);
/* D

e
n

o
is

e
 2

 i.e
. e

v
e

ry
 tw

o
 p

ix
e

ls
 f i.e

. fa
s
t (n

o
 fo

r, o
n

e
 p

ix
e

l a
ro

u
n

d
) */

in
t  V

IS
_

R
e

d
u

c
e

N
o

is
e

2
f(V

IS
_

P
ro

c
e

s
s
 *P

ro
c
e

s
s
);

/* F
in

d
 th

e
 lim

its
 o

f th
e

 s
e

g
m

e
n

te
d

 o
b

je
c
ts

 */
v
o

id
 V

IS
_

F
in

d
L

im
its

(in
t* p

T
o

p
, in

t* p
B

o
t, in

t* p
R

ig
h

t, in
t* p

L
e

ft, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
);

/* B
u

ild
 a

 b
in

a
ry

 m
a

p
 fo

r a
 s

p
e

c
ific

 c
o

lo
u

r c
la

s
s
 */

v
o

id
 V

IS
_

F
in

d
C

la
s
s
(c

o
lim

a
g

e
 *P

ic
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
, B

Y
T

E
 C

o
lo

u
rC

la
s
s
);

/* B
u

ild
 a

 b
in

a
ry

 m
a

p
 fo

r a
n

 s
e

v
e

ra
l c

o
lo

u
r c

la
s
s
e

s
 */

v
o

id
 V

IS
_

F
in

d
C

la
s
s
e

s
(B

Y
T

E
 n

u
m

b
e

r, c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
,

B
Y

T
E

 *C
o

lo
u

rL
is

t);
/* F

in
d

s
 m

e
d

ia
n

 h
u

e
 a

n
d

 th
e

 h
u

e
 ra

n
g

e
 o

u
t o

f th
e

 m
id

d
le

 p
a

rt o
f th

e
 p

ic
tu

re
 */

V
IS

_
D

e
fin

e
H

u
e

 V
IS

_
M

e
d

ia
n

H
u

e
2

(c
o

lim
a

g
e

 *P
ic

, in
t s

iz
e

);
/* F

ills
 th

e
 h

u
e

 c
o

n
v
e

rs
io

n
 ta

b
le

 a
n

d
 in

itia
lis

e
 th

e
 a

lg
o

rith
m

 d
e

fa
u

lts
 */

v
o

id
 V

IS
_

In
it(v

o
id

);
/* C

le
a

rs
 th

e
 R

G
B

 s
p

a
c
e

 */
v
o

id
 V

IS
_

C
o

lC
le

a
r(V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

);
/* In

itia
lis

e
 a

 n
e

w
 c

o
lo

u
r c

la
s
s
 */

v
o

id
 V

IS
_

C
o

lIn
it(V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, B
Y

T
E

 C
o

lo
u

rC
la

s
s
);

/* F
in

d
s
 th

e
 s

p
e

c
ifie

d
 c

o
lo

u
r c

la
s
s
 */

in
t  V

IS
_

C
o

lF
in

d
O

n
e

(c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
O

b
je

c
t *O

b
je

c
t, B

Y
T

E
 C

o
lo

u
rC

la
s
s
);

/* F
in

d
s
 s

e
v
e

ra
l c

o
lo

u
r c

la
s
s
e

s
 p

u
r in

 a
 lis

t */
in

t  V
IS

_
C

o
lF

in
d

(in
t n

u
m

b
e

r, c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, 
V

IS
_

O
b

je
c
t *O

b
je

c
t, B

Y
T

E
 *C

o
lo

u
rL

is
t);

/* C
a

m
e

ra
 a

n
g

le
 o

ffs
e

t */
v
o

id
 V

IS
_

C
a

m
C

a
l(V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, B
Y

T
E

 C
o

lo
u

rC
la

s
s
);

/* M
o

d
ify

 c
a

m
e

ra
 o

ffs
e

t v
a

lu
e

s
 */

in
t  V

IS
_

M
o

d
ify

C
a

m
(V

IS
_

C
a

m
e

ra
O

ffs
e

t *N
e

w
C

a
m

);
/* M

o
d

ify
 a

lg
o

rith
m

 v
a

lu
e

s
 */

in
t  V

IS
_

M
o

d
ify

A
lg

o
(B

Y
T

E
 N

e
w

D
e

p
th

, B
Y

T
E

 N
e

w
F

a
s
t, B

Y
T

E
 N

e
w

S
te

p
);

/***********************************************************************************************************/
/* D

is
ta

n
c
e

 fu
n

c
tio

n
s
                                                                                      */

/***********************************************************************************************************/
/* C

h
e

c
k
 th

e
 C

a
m

In
fo

 a
n

d
 in

itia
lis

e
 d

is
ta

n
c
e

s
 lo

o
k
u

p
 ta

b
le

s
 */

B
Y

T
E

 V
IS

_
In

itD
is

ta
n

c
e

(v
o

id
);

/* R
e

tu
rn

s
 th

e
 d

is
ta

n
c
e

 o
f th

e
 b

a
ll b

y
 lo

o
k
in

g
 in

to
 th

e
 lo

o
k
u

p
 ta

b
le

s
 */

in
t  V

IS
_

G
e

tP
o

s
itio

n
(V

IS
_

O
b

je
c
t *O

b
je

c
t, V

IS
_

D
is

ta
n

c
e

 *O
b

jD
is

t);

/***********************************************************************************************************/
/* D

is
p

la
y
 fu

n
c
tio

n
s
                                                                                       */

/***********************************************************************************************************/
/* B

W
 L

C
D

 p
ic

tu
re

 in
itia

lis
a

tio
n

 */
in

t  V
IS

_
In

itB
w

im
g

(B
Y

T
E

 *b
w

im
g

);
/* G

e
t a

 2
D

 b
in

a
ry

 a
rra

y
 a

n
d

 m
a

k
e

 a
 lin

e
a

r B
W

 a
rra

y
 fo

r L
C

D
 d

is
p

la
y
 */

v
o

id
 V

IS
_

C
o

m
p

u
te

B
W

(B
Y

T
E

 *b
w

im
g

, B
Y

T
E

 *te
m

p
);

/* D
ra

w
 o

b
je

c
t lim

its
 a

n
d

 c
e

n
te

r o
n

 b
w

 p
ic

tu
re

 */
v
o

id
 V

IS
_

D
ra

w
L

im
its

(B
Y

T
E

 *b
w

im
g

, V
IS

_
O

b
je

c
t *O

b
je

c
t, in

t v
a

lu
e

);
/* D

ra
w

 b
o

rd
e

rs
 in

 a
 1

D
 a

rra
y
 fo

r L
C

D
 d

is
p

la
y
 */

v
o

id
 V

IS
_

D
ra

w
B

o
rd

e
r(B

Y
T

E
 *b

w
im

g
, in

t ro
w

s
, in

t c
o

ls
);

/* M
a

rk
 o

b
je

c
t p

o
s
itio

n
 b

y
 d

ra
w

in
g

 a
 v

e
rtic

a
l a

n
d

 h
o

riz
o

n
ta

l w
h

ite
 lin

e
 th

ro
u

g
h

 it */
v
o

id
 V

IS
_

M
a

rk
O

b
je

c
t(im

a
g

e
 g

re
y
im

g
, in

t x
_

m
id

d
le

, in
t y

_
m

id
d

le
, in

t o
b

je
c
t_

s
iz

e
);

/* D
is

p
la

y
 e

rro
r m

e
s
s
a

g
e

s
 */

v
o

id
 V

IS
_

E
rro

rD
is

p
la

y
(c

h
a

r title
[1

6
], in

t e
rro

r, c
h

a
r m

s
g

[1
6

]);
/* In

itia
lis

e
 th

e
 p

ro
g

re
s
s
 s

h
o

w
 o

f a
 lo

o
p

 (c
le

a
r s

c
re

e
n

, d
is

p
la

y
 title

,...) */
v
o

id
 V

IS
_

In
itS

h
o

w
P

ro
g

re
s
s
(c

h
a

r title
[1

6
]);

/* D
is

p
la

y
s
 th

e
 p

ro
g

re
s
s
 o

f a
 lo

o
p

 */
v
o

id
 V

IS
_

S
h
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_
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O

R
M

A
L

 0
S

_
B

O
R

D
E

R
 1

u
lt v

a
lu

e
 fo

r V
IS

_
R

G
B

2
H

u
e

() fu
n

c
tio

n
 */

S
_

N
O

_
H

U
E

 2
5

5

m
u

m
 fu

n
c
tio

n
 */

N
(a

,b
) (a

<
b

?
a

:b
)

m
u

m
 fu

n
c
tio

n
 */

X
(a

,b
) (a

>
b

?
a

:b
)

a
l v

a
ria

b
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b
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=
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=
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e

 a
lg

o
rith

m
 in

fo
rm

a
tio

n
s
 a

re
 in

itia
lis

e
d

 o
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c
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u
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=
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−

m
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;
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u
e

=
V

IS
_

N
O

_
H

U
E

;

=
m

a
x
) h

u
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e
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=
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u
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=
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u
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u
e

 is
 in

 ra
n

g
e

 [0
..2

5
2

] */

u
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u
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=
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d
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=
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d
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e
 ’2

f’ i.e
. e

v
e

ry
 tw

o
 p

ix
e

ls
 a

n
d

 fa
s
t (i.e

. o
n

e
 p

ix
e

l a
ro

u
n

d
).

* S
E

E
 A

L
S

O
*   V

IS
_

R
e

d
u

c
e

N
o

is
e

 V
IS

_
R

e
d

u
c
e

N
o

is
e

f V
IS

_
R

e
d

u
c
e

N
o

is
e

2

****/
in

t V
IS

_
R

e
d

u
c
e

N
o

is
e

2
f(V

IS
_

P
ro

c
e

s
s
 *P

ro
c
e

s
s
)

{
in

t  l_
in

d
e

x
=

0
;

in
t  ro

w
_

in
d

e
x
;

in
t  im

ro
w

s
=

(im
a

g
e

ro
w

s
>

>
1

), im
c
o

ls
=

(im
a

g
e

c
o

lu
m

n
s
>

>
1

);
B

Y
T

E
 *te

m
p

=
P

ro
c
e

s
s
−

>
ta

b
le

, *X
=

P
ro

c
e

s
s
−

>
X

_
lis

t, *Y
=

P
ro

c
e

s
s
−

>
Y

_
lis

t;

fo
r (ro

w
_

in
d

e
x
=

1
; ro

w
_

in
d

e
x
<

=
im

ro
w

s
−

2
; ro

w
_

in
d

e
x
+

+
) {

in
t ro

w
=

(ro
w

_
in

d
e

x
<

<
1

);
in

t c
o

l_
in

d
e

x
;

fo
r (c

o
l_

in
d

e
x
=

3
; c

o
l_

in
d

e
x
<

=
im

c
o

ls
−

2
; c

o
l_

in
d

e
x
+

+
) {

in
t p

o
s
=

ro
w

_
in

d
e

x
*im

c
o

ls
+

c
o

l_
in

d
e

x
;

if (te
m

p
[p

o
s
−

im
c
o

ls
] &

 te
m

p
[p

o
s
+

1
] &

 te
m

p
[p

o
s
+

im
c
o

ls
] &

 te
m

p
[p

o
s
−

1
]) {

in
t c

o
l=

(c
o

l_
in

d
e

x
<

<
1

);
X

[l_
in

d
e

x
]=

ro
w

; Y
[l_

in
d

e
x
]=

c
o

l; l_
in

d
e

x
+

+
;

}
}

}re
tu

rn
 l_

in
d

e
x
−

1
;
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V
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/V
IS

_
F
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d

L
im

its
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Y
N

O
P

S
IS
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o

id
 V

IS
_

F
in

d
L

im
its

(in
t* p

T
o

p
, in

t* p
B

o
t, in

t* p
R

ig
h

t, in
t* p

L
e

ft, V
IS

_
O

b
je

c
t *O

b
je

c
t)  

* D
E

S
C

R
IP

T
IO

N
*   F

in
d

 th
e

 lim
its

 o
f th

e
 s

e
g

m
e

n
te

d
 o

b
je

c
ts

.
* S

E
E

 A
L

S
O

*   V
IS

_
F

in
d

L
im

its
 V

IS
_

F
in

d
C

la
s
s
 V

IS
_

F
in

d
C

la
s
s
e

s
 V

IS
_

C
o

lF
in

d
O

n
e

 V
IS

_
C

o
lF

in
d

****/
v
o

id
 V

IS
_

F
in

d
L

im
its

(in
t* p

T
o

p
, in

t* p
B

o
t, in

t* p
R

ig
h

t, in
t* p

L
e

ft, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
)

{
in

t  i;
in

t  rig
h

t=
*p

R
ig

h
t, le

ft=
*p

L
e

ft;
in

t  l_
in

d
e

x
=

P
ro

c
e

s
s
−

>
in

d
e

x
;

B
Y

T
E

 *Y
=

P
ro

c
e

s
s
−

>
Y

_
lis

t, *X
=

P
ro

c
e

s
s
−

>
X

_
lis

t;

/* L
o

o
k
 fo

r rig
h

t a
n

d
 le

ft v
a

lu
e

s
 */

fo
r (i=

l_
in

d
e

x
; i>

=
0

; i−
−

) { /*fo
r (i=

0
; i<

=
l_

in
d

e
x
; i+

+
) {*/

in
t y

_
v
a

lu
e

=
Y

[i];
if      (y

_
v
a

lu
e

<
le

ft) { le
ft=

y
_

v
a

lu
e

;}   /*if (Y
[i]<

*p
L

e
ft) { *p

L
e

ft=
Y

[i];}*/
e

ls
e

 if (y
_

v
a

lu
e

>
rig

h
t) { rig

h
t=

y
_

v
a

lu
e

;} /*if (Y
[i]>

*p
R

ig
h

t) { *p
R

ig
h

t=
Y

[i];}*/
}/* A

s
s
ig

n
 v

a
lu

e
s
 */

*p
T

o
p

=
X

[0
]; *p

B
o

t=
X

[l_
in

d
e

x
]; /* V

a
lu

e
s
 a

re
 in

s
e

rte
d

 fro
m

 T
O

P
 to

 B
O

T
T

O
M

 in
 d

e
n

o
is

in
g

 fu
n

c
tio

n
... */

*p
L

e
ft=

le
ft; *p

R
ig

h
t=

rig
h

t;
}/****f* L
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n
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_

F
in
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C
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s
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N
O

P
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_
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s
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_

R
G

B
S

p
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c
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B
S

p
a

c
e

, V
IS

_
O

b
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c
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b
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c
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t C
o
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u

rC
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s
s
)
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E

S
C

R
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T
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a
 b
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a
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 m

a
p

 fo
r a

 s
p

e
c
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o
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u

r c
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s
s
.
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o
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a
g

e
, th

e
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G
B

S
p

a
c
e
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s
e
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n

d
 th

e
 C

o
lo

u
rC

la
s
s
 to

 lo
o

k
 fo

r.
t : a

 V
IS

_
O

b
je

c
t s

tru
c
tu

re
 c

o
n

ta
in

in
g

 th
e
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b

je
c
t in
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a
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n
s
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Oin
d

L
im

its
 V

IS
_

C
o

lF
in

d
O

n
e

 V
IS

_
C

o
lF

in
d

 V
IS

_
F

in
d

C
la

s
s
 V

IS
_

F
in

d
C

la
s
s
e

s

in
d

C
la

s
s
(c

o
lim

a
g

e
 *P

ic
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
, B

Y
T

E
 C

o
lo

u
rC

la
s
s
)

     lo
o

p
=

A
lg

o
In

fo
.lo

o
p

; /* A
lg

o
In

fo
 is

 g
lo

b
a

l */
     lo

o
p

_
o

ffs
e

t=
2

>
>

lo
o

p
;

     im
ro

w
s
=

(im
a

g
e

ro
w

s
>

>
lo

o
p

), im
c
o

ls
=

(im
a

g
e

c
o

lu
m

n
s
>

>
lo

o
p

);
     ro

w
_

in
d

e
x
=

0
; /* P

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
 */

c
h

a
r *ta

b
le

=
P

ro
c
e

s
s
−

>
ta

b
le

;

n
d

e
x
 a

n
d

 c
o

l_
in

d
e

x
 : p

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
e

s
 (i.e

. o
b

je
c
t in

d
e

x
e

s
) */

e
t=

0
; /* O

b
je

c
t ta

b
le

 lin
e

a
r in

d
e

x
 */

_
in

d
e

x
=

0
; ro

w
_

in
d

e
x
<

=
im

ro
w

s
−

lo
o

p
_

o
ffs

e
t; ro

w
_

in
d

e
x
+

+
) {

w
=

(ro
w

_
in

d
e

x
<

<
lo

o
p

);   /* C
a

m
e

ra
 p

ic
tu

re
 in

d
e

x
 */

l_
in

d
e

x
=

0
;             /* P

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
 */

o
l_

in
d

e
x
=

lo
o

p
_

o
ffs

e
t+

1
; c

o
l_

in
d

e
x
<

=
im

c
o

ls
−

lo
o

p
_

o
ffs

e
t; c

o
l_

in
d

e
x
+

+
) {

c
o

l=
(c

o
l_

in
d

e
x
<

<
lo

o
p

); /* C
a

m
e

ra
 p

ic
tu

re
 in

d
e

x
 */

e
t c

la
s
s
 o

f th
e

 c
u

rre
n

t p
ix

e
l */

g
n

e
d

 c
h

a
r P

ix
e

lC
la

s
s
=

(*R
G

B
S

p
a

c
e

)[(*P
ic

)[ro
w

][c
o

l][0
]>

>
V

IS
_

L
S

B
]

[(*P
ic

)[ro
w

][c
o

l][1
]>

>
V

IS
_

L
S

B
]

[(*P
ic

)[ro
w

][c
o

l][2
]>

>
V

IS
_

L
S

B
];

ill in
 th

e
 b

in
a

ry
 ta

b
le

s
 (u

n
d

e
n

o
is

e
d

) fo
r th

e
 o

b
je

c
t */

e
[o

ffs
e

t+
+

]=
(P

ix
e

lC
la

s
s
=

=
C

o
lo

u
rC

la
s
s
); /* F

ills
 ta

b
le
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ith
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 o

r 1
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n
d

 u
p

d
a

te
 ’o

ffs
e

t’ */

b
V

is
io

n
/V

IS
_

F
in

d
C

la
s
s
e

s
SV

IS
_

F
in

d
C

la
s
s
e

s
(B

Y
T

E
 n

u
m

b
e

r, c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
,

B
Y

T
E

 *C
o

lo
u

rL
is

t)
T

IO
N

a
 b

in
a

ry
 m

a
p

 fo
r s

e
v
e

ra
l c

o
lo

u
r c

la
s
s
e

s
.

e
s
s
’ a

n
d

 ’C
o

lo
u

rC
la

s
s
’ a

re
 a

rra
y
s
 h

a
v
in

g
 ’n

u
m

b
e

r’ e
le

m
e

n
ts

.
Oin

d
L

im
its

 V
IS

_
C

o
lF

in
d

O
n

e
 V

IS
_

C
o

lF
in

d
 V

IS
_

F
in

d
C

la
s
s

in
d

C
la

s
s
e

s
(B

Y
T

E
 n

u
m

b
e

r, c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
P

ro
c
e

s
s
 *P

ro
c
e

s
s
,

B
Y

T
E

 *C
o

lo
u

rL
is

t)

=
A

lg
o

In
fo

.lo
o

p
; /* A

lg
o

In
fo

 is
 g

lo
b

a
l */

_
o

ffs
e

t=
2

>
>

lo
o

p
;

w
s
=

(im
a

g
e

ro
w

s
>

>
lo

o
p

), im
c
o

ls
=

(im
a

g
e

c
o

lu
m

n
s
>

>
lo

o
p

);
in

d
e

x
=

0
; /* P

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
 */

s
;

n
d

e
x
 a

n
d

 c
o

l_
in

d
e

x
 : p

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
e

s
 (i.e

. o
b

je
c
t in

d
e

x
e

s
) */

e
t=

0
; /* O

b
je

c
t ta

b
le

 lin
e

a
r in

d
e

x
 */

_
in

d
e

x
=

0
; ro

w
_

in
d

e
x
<

=
im

ro
w

s
−

lo
o

p
_

o
ffs

e
t; ro

w
_

in
d

e
x
+

+
) {

w
=

(ro
w

_
in

d
e

x
<

<
lo

o
p

);   /* C
a

m
e

ra
 p

ic
tu

re
 in

d
e

x
 */

l_
in

d
e

x
=

0
;             /* P

ro
c
e

s
s
e

d
 p

ic
tu

re
 in

d
e

x
 */

o
l_

in
d

e
x
=

lo
o

p
_

o
ffs

e
t+

1
; c

o
l_

in
d

e
x
<

=
im

c
o

ls
−

lo
o

p
_

o
ffs

e
t; c

o
l_

in
d

e
x
+

+
) {

c
o

l=
(c

o
l_

in
d

e
x
<

<
lo

o
p

); /* C
a

m
e

ra
 p

ic
tu

re
 in

d
e

x
 */

e
t c

la
s
s
 o

f th
e

 c
u

rre
n

t p
ix

e
l */

g
n

e
d

 c
h

a
r P

ix
e

lC
la

s
s
=

(*R
G

B
S

p
a

c
e

)[(*P
ic

)[ro
w

][c
o

l][0
]>

>
V

IS
_

L
S

B
]

[(*P
ic

)[ro
w

][c
o

l][1
]>

>
V

IS
_

L
S

B
]

[(*P
ic

)[ro
w

][c
o

l][2
]>

>
V

IS
_

L
S

B
];

o
o

k
 th

ro
u

g
h

 a
ll th

e
 c

la
s
s
e

s
 */

(c
la

s
s
=

0
; c

la
s
s
<

=
n

u
m

b
e

r; c
la

s
s
+

+
) {

F
ill in

 th
e

 b
in

a
ry

 ta
b

le
s
 (u

n
d

e
n

o
is

e
d

) fo
r th

e
 o

b
je

c
t */

o
c
e

s
s
[c

la
s
s
].ta

b
le

[o
ffs

e
t]=

(P
ix

e
lC

la
s
s
=

=
C

o
lo

u
rL

is
t[c

la
s
s
]);

e
t+

+
; /* U

p
d

a
te

 o
ffs

e
t v

a
lu

e
 */

b
V

is
io

n
/V

IS
_

M
e

d
ia

n
H

u
e

Se
fin

e
H

u
e

 V
IS

_
M

e
d

ia
n

H
u

e
(c

o
lim

a
g

e
 *P

ic
, in

t s
iz

e
)

T
IO

N
m

e
d

ia
n

 h
u

e
 a

n
d

 th
e

 h
u

e
 ra

n
g

e
 o

u
t o

f th
e

 m
id

d
le

 p
a

rt o
f th

e
 p

ic
tu

re
.

’ c
a

n
 n

o
t b

e
 m

o
re

 th
a

n
 1

0
.

n
s
 a

 V
IS

_
D

e
fin

e
H

u
e

 s
tru

c
tu

re
 c

o
n

ta
in

in
g

 th
e

 m
e

d
ia

n
 H

u
e

 (V
IS

_
D

e
fin

e
H

u
e

.H
u

e
) a

n
d

 
ra

n
g

e
 (V

IS
_

D
e

fin
e

H
u

e
.R

a
n

g
e

).
s
tru

c
tu

re
 e

le
m

e
n

ts
 a

re
 s

e
t to

 −
1

 if a
n

 e
rro

r o
c
c
u

re
d

.
OH

u
e

 V
IS

_
M

e
d

ia
n

H
u

e
(c

o
lim

a
g

e
 *P

ic
, in

t s
iz

e
)

     R
o

w
, C

o
l, R

o
w

S
ta

rt, C
o

lS
ta

rt, R
o

w
P

o
s
, C

o
lP

o
s
, P

o
s
, In

d
e

x
;

     M
e

d
In

d
e

x
=

(s
iz

e
*s

iz
e

)>
>

1
; /* (s

iz
e

*s
iz

e
)/2

 w
e

 o
rd

e
r o

n
ly

 h
a

lf th
e

 v
a

lu
e

s
 */

     m
in

, m
in

In
d

e
x
=

0
;

     m
in

R
a

n
g

e
=

2
5

5
, m

a
x
R

a
n

g
e

=
0

;
     A

rra
y
[1

0
*1

0
]; /* L
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its
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iz

e
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e
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 o
f th

e
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N
S
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 v

a
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b
le

−
s
iz

e
 w

a
rn
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g
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n

e
H

u
e

 R
e

s
u

lt;

’s
iz

e
’ */

>
1

0
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ro
rD

is
p

la
y
(" V

IS
_

M
e

d
ia

n
H

u
e

", −
1
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iz

e
>

1
0

");
.H

u
e

=
−

1
; R

e
s
u

lt.R
a

n
g

e
=

−
1

;
R

e
s
u

lt;

in
d

e
x
e

s
 */

R
o

w
S

ta
rt=

(im
a

g
e

ro
w

s
−

s
iz

e
)>

>
1

; /* R
o

w
S

ta
rt=

(h
e

ig
h

t/2
)−

(s
iz

e
/2

)*/
C

o
lS

ta
rt=

(im
a

g
e

c
o

lu
m

n
s
−

s
iz

e
)>

>
1

; /* C
o

lS
ta

rt=
(w

id
th

/2
)−

(s
iz

e
/2

)*/

/* F
illin

g
 "U

n
s
o

rte
d

" ta
b

le
 */

In
d

e
x
=

0
;

fo
r (R

o
w

=
0

; R
o

w
<

s
iz

e
; R

o
w

+
+

) {
fo

r (C
o

l=
0

; C
o

l<
s
iz

e
; C

o
l+

+
) {

R
o

w
P

o
s
=

R
o

w
S

ta
rt+

R
o

w
; C

o
lP

o
s
=

C
o

lS
ta

rt+
C

o
l; /* P

ic
tu

re
 in

d
e

x
e

s
 */

A
rra

y
[In

d
e

x
+

+
]=

V
IS

_
R

G
B

2
H

u
e

((*P
ic

)[R
o

w
P

o
s
][C

o
lP

o
s
][0

], /* F
illin

g
 "U

n
s
o

rte
d

" ta
b

le
 */

(*P
ic

)[R
o

w
P

o
s
][C

o
lP

o
s
][1

],
(*P

ic
)[R

o
w

P
o

s
][C

o
lP

o
s
][2

]);
}

}/* L
o

o
p

 fin
d

in
g

 th
e

 m
in

R
a

n
g

e
 a

n
d

 m
a

x
R

a
n

g
e

 v
a

lu
e

s
 */

fo
r (In

d
e

x
=

0
; In

d
e

x
<

=
M

e
d

In
d

e
x
; In

d
e

x
+

+
) {

/* S
u

b
−

lo
o

p
 lo

o
k
in

g
 fo

r th
e

 le
ft lo

c
a

l m
in

 */
m

in
R

a
n

g
e

=
2

5
5

; m
a

x
R

a
n

g
e

=
0

; /* In
it. v

a
lu

e
s
 */

fo
r (P

o
s
=

0
; P

o
s
<

s
iz

e
*s

iz
e

; P
o

s
+

+
) {

if (A
rra

y
[P

o
s
]<

m
in

R
a

n
g

e
) { m

in
R

a
n

g
e

=
A

rra
y
[P

o
s
];}

if (A
rra

y
[P

o
s
]>

m
a

x
R

a
n

g
e

) { m
a

x
R

a
n

g
e

=
A

rra
y
[P

o
s
];}

}
}  

/* L
o

o
p

 fin
d

in
g

 th
e

 m
e

d
ia

n
 v

a
lu

e
 */

fo
r (In

d
e

x
=

0
; In

d
e

x
<

=
M

e
d

In
d

e
x
; In

d
e

x
+

+
) {

/* S
u

b
−

lo
o

p
 lo

o
k
in

g
 fo

r th
e

 le
ft lo

c
a

l m
in

 */
m

in
=

2
5

5
; /* In

it. v
a

lu
e

 */

fo
r (P

o
s
=

0
; P

o
s
<

s
iz

e
*s

iz
e

; P
o

s
+

+
) {

if (A
rra

y
[P

o
s
]<

m
in

) { /* L
o

o
k
in

g
 fo

r m
in

 */ 
m

in
=

A
rra

y
[P

o
s
]; /* Y

E
S

, u
p

d
a

te
 m

in
 v

a
lu

e
 a

n
d

 m
in

 p
o

s
itio

n
 */

m
in

In
d

e
x
=

P
o

s
;

}
}if (In

d
e

x
!=

M
e

d
In

d
e

x
) { /* L

a
s
t V

a
lu

e
 ?

 D
o

 n
o

t o
v
e

rw
rite

 la
s
t v

a
lu

e
 ! */

A
rra

y
[m

in
In

d
e

x
]=

2
5

5
; /* N

O
, U

p
d

a
te

 "U
n

s
o

rte
d

" ta
b

le
*/

}
}/* R

e
tu

rn
in

g
 m

e
d

ia
n

 v
a

lu
e

 */
R

e
s
u

lt.H
u

e
=

A
rra

y
[m

in
In

d
e

x
];

R
e

s
u

lt.R
a

n
g

e
=

M
A

X
(R

e
s
u

lt.H
u

e
−

m
in

R
a

n
g

e
, m

a
x
R

a
n

g
e

−
R

e
s
u

lt.H
u

e
);

re
tu

rn
 R

e
s
u

lt;
}/****f* L

ib
V

is
io

n
/V

IS
_

In
it

* S
Y

N
O

P
S

IS
*   v

o
id

 V
IS

_
In

it(v
o

id
)

* D
E

S
C

R
IP

T
IO

N
*   F

ills
 th

e
 h

u
e

 c
o

n
v
e

rs
io

n
 ta

b
le

 a
n

d
 in

itia
lis

e
 th

e
 a

lg
o

rith
m

 a
n

d
 c

a
m

e
ra

 o
ffs

e
t d

e
fa

u
lts

.

* S
E

E
 A

L
S

O
*****/

v
o

id
 V

IS
_

In
it(v

o
id

)
{

in
t R

o
b

o
tId

, te
a

m
, id

; /* R
o

b
o

t id
e

n
tific

a
tio

n
 */

/* F
ill th

e
 g

lo
b

a
l h

u
e

 ta
b

le
 c

o
n

v
e

rs
io

n
 */

V
IS

_
F

illH
u

e
T

a
b

le
(); /* H

u
e

T
a

b
le

O
K

 is
 s

e
t u

p
 b

y
 V

IS
_

F
illH

u
e

T
a

b
le

 */

/* In
itia

lis
e

 th
e

 d
e

fa
u

lt a
lg

o
rith

m
 v

a
lu

e
s
 */

A
lg

o
In

fo
.d

e
p

th
=

V
IS

_
A

L
G

O
_

D
E

P
T

H
;

A
lg

o
In

fo
.fa

s
t=

V
IS

_
A

L
G

O
_

F
A

S
T

;
A

lg
o

In
fo

.s
te

p
=

V
IS

_
A

L
G

O
_

S
T

E
P

;
A

lg
o

In
fo

.lo
o

p
=

V
IS

_
A

L
G

O
_

L
O

O
P

;
A

lg
o

In
fo

O
K

=
1

; /* F
la

g
 fo

r A
lg

o
rith

m
 in

fo
 s

tru
c
tu

re
 in

itia
lis

e
d

 */

/* In
itia

lis
e

 th
e

 d
e

fa
u

lt c
a

m
e

ra
 o

ffs
e

t v
a

lu
e

s
 */

R
o

b
o

tId
=

V
IS

_
T

e
a

m
R

o
b

o
t(); te

a
m

=
((in

t)(R
o

b
o

tId
/1

0
)); id

=
R

o
b

o
tId

−
1

0
*te

a
m

;
C

a
m

In
fo

.a
n

g
le

=
V

IS
_

C
A

M
_

A
N

G
L

E
[te

a
m

][id
];

C
a

m
In

fo
.a

lp
h

a
=

V
IS

_
C

A
M

_
A

L
P

H
A

[te
a

m
][id

];
C

a
m

In
fo

.b
e

ta
=

V
IS

_
C

A
M

_
B

E
T

A
[te

a
m

][id
];

C
a

m
In

fo
.h

e
ig

h
t=

V
IS

_
C

A
M

_
H

E
IG

H
T

[te
a

m
][id

];
C

a
m

In
fo

.le
n

g
h

t=
V

IS
_

C
A

M
_

L
E

N
G

H
T

[te
a

m
][id

];
if ((C

a
m

In
fo

.a
n

g
le

=
=

−
1

)||(C
a

m
In

fo
.a

lp
h

a
=

=
−

1
)||(C

a
m

In
fo

.b
e

ta
=

=
−

1
)||

(C
a

m
In

fo
.h

e
ig

h
t=

=
−

1
)||(C

a
m

In
fo

.le
n

g
h

t=
=

−
1

)) {
V

IS
_

E
rro

rD
is

p
la

y
("V

IS
_

In
it", −

1
, "C

a
m

In
fo

 in
c
o

m
p

");
C

a
m

In
fo

O
K

=
0

; /* O
n

e
 v

a
lu

e
 is

 n
o

t s
e

t u
p

 p
ro

p
e

rly
... */

}e
ls

e
 { C

a
m

In
fo

O
K

=
1

;} /* F
la

g
 fo

r c
a

m
e

ra
 o

ffs
e

t s
tru

c
tu

re
 in

itia
lis

e
d

 */
}/****f* L

ib
V

is
io

n
/V

IS
_

C
o

lC
le

a
r

* S
Y

N
O

P
S

IS
*   v

o
id

 V
IS

_
C

o
lC

le
a

r(V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

)
* D

E
S

C
R

IP
T

IO
N

*   C
le

a
rs

 th
e

 R
G

B
 s

p
a

c
e

: fills
 it w

ith
 th

e
 V

IS
_

N
O

N
E

 v
a

lu
e

.
* S

E
E

 A
L

S
O

*   V
IS

_
C

o
lIn

it V
IS

_
C

o
lF

in
d

****/
v
o

id
 V

IS
_

C
o

lC
le

a
r(V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

)
{

in
t  m

a
x
_

lo
o

p
=

V
IS

_
V

A
L

U
E

S
*V

IS
_

V
A

L
U

E
S

; /* L
a

s
t in

d
e

x
 fo

r lo
o

p
 p

ro
g

re
s
s
 d

is
p

la
y
 */

B
Y

T
E

 R
_

in
d

e
x
, G

_
in

d
e

x
, B

_
in

d
e

x
;

/* In
itia

lis
e

 p
ro

g
re

s
s
 d

is
p

la
y
 */

V
IS

_
In

itS
h

o
w

P
ro

g
re

s
s
("   C

le
a

r R
G

B
");

fo
r (R

_
in

d
e

x
=

0
; R

_
in

d
e

x
<

V
IS

_
V

A
L

U
E

S
; R

_
in

d
e

x
+

+
) {

fo
r (G

_
in

d
e

x
=

0
; G

_
in

d
e

x
<

V
IS

_
V

A
L

U
E

S
; G

_
in

d
e

x
+

+
) {

/* D
is

p
la

y
 p

ro
g

re
s
s
 */

V
IS

_
S

h
o

w
P

ro
g

re
s
s
(G

_
in

d
e

x
+

(R
_

in
d

e
x
<

<
V

IS
_

M
S

B
), m

a
x
_

lo
o

p
);



(B
_

in
d

e
x
=

0
; B

_
in

d
e

x
<

V
IS

_
V

A
L

U
E

S
; B

_
in

d
e

x
+

+
) {

C
le

a
r R

G
B

 s
p

a
c
e

 */
R

G
B

S
p

a
c
e

)[R
_

in
d

e
x
][G

_
in

d
e

x
][B

_
in

d
e

x
]=

V
IS

_
N

O
N

E
;

b
V

is
io

n
/V

IS
_

C
o

lIn
it

SV
IS

_
C

o
lIn

it(V
IS

_
H

u
e

T
a

b
le

 *H
u

e
T

a
b

le
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, in
t C

o
lo

u
rC

la
s
s
)

T
IO

N
a

lis
e

 a
 n

e
w

 c
o

lo
u

r c
la

s
s
.

Oo
lC

le
a

r V
IS

_
C

o
lF

in
d

o
lIn

it(V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, B
Y

T
E

 C
o

lo
u

rC
la

s
s
)

     s
iz

e
=

4
, K

e
y
;

     H
u

e
M

in
, H

u
e

M
a

x
;

     g
re

y
im

g
;

     P
ic

;
n

e
H

u
e

 H
u

e
In

fo
;

t c
a

lib
ra

tio
n

 d
is

p
la

y
 */

();
in

tf(0
, 0

, "* C
o

lo
u

r c
a

l. *");
in

tf(1
, 0

, "−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
");

in
tf(2

, 0
, "  A

lig
n

 o
b

je
t");

in
tf(3

, 0
, "  C

h
o

o
s
e

 s
iz

e
");

in
tf(4

, 0
, " w

ith
 : +

 o
r −

");
in

tf(5
, 0

, "C
a

l : c
a

lib
ra

te
");

" ", " ", " ", "N
x
t");

fo
r "N

x
t" */

K
E

Y
4

);

a
lis

e
 d

is
p

la
y
 */

();
in

tf(0
, 1

1
, "S

iz
e

");
in

tf(2
, 1

1
, "H

u
e

");
in

tf(4
, 1

1
, "R

a
n

g
e

");
" −

 ", " +
 ", " ", "C

a
l");

n
g

 fo
r "C

o
l" */

e
y
!=

K
E

Y
4

) {

a
 p

ic
tu

re
 */

C
o

lF
ra

m
e

(&
P

ic
, 0

);

p
la

y
... */

r2
G

re
y
(&

P
ic

, &
g

re
y
im

g
);

rk
O

b
je

c
t(g

re
y
im

g
, im

a
g

e
ro

w
s
/2

−
1

,  im
a

g
e

c
o

lu
m

n
s
/2

−
1

, 0
);

G
ra

p
h

ic
(&

g
re

y
im

g
);  

tin
g

 h
u

e
 */

o
=

V
IS

_
M

e
d

ia
n

H
u

e
(&

P
ic

, s
iz

e
);

d
in

g
 a

 k
e

y
 fro

m
 k

e
y
b

o
a

rd
 */

Y
R

e
a

d
();

n
g

in
g

 ’s
iz

e
’ v

a
lu

e
 */

y
=

=
K

E
Y

1
) { s

iz
e

−
−

;}
y

=
=

K
E

Y
2

) { s
iz

e
+

+
;}

z
e

>
1

0
) { s

iz
e

=
1

;}
z
e

<
1

) { s
iz

e
=

1
0

;}

p
la

y
 in

fo
rm

a
tio

n
 o

n
 L

C
D

 */
P

rin
tf(1

,1
1

, " %
d

 ", s
iz

e
);

P
rin

tf(3
,1

1
, " %

d
 ", H

u
e

In
fo

.H
u

e
);

P
rin

tf(5
,1

1
, " %

d
 ", H

u
e

In
fo

.R
a

n
g

e
);

a
y
in

g
 re

s
u

lt, a
s
k
 fo

r H
u

e
S

te
p

 */
();
in

tf(0
,0

, "* C
o

lo
u

r c
a

l. *");
in

tf(1
,0

, "−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
");

in
tf(2

,0
, "  H

u
e

 : %
d

 ", H
u

e
In

fo
.H

u
e

);
in

tf(4
,0

, "  A
d

ju
s
t S

te
p

");
in

tf(5
,0

, "  w
ith

 +
 o

r −
");

"−
", "+

", " ", "N
x
t");

n
g

 fo
r "N

x
t" */

e
y
!=

K
E

Y
4

) {

p
la

y
 in

fo
rm

a
tio

n
 o

n
 L

C
D

 */
P

rin
tf(3

, 0
, "  S

te
p

 : %
d

 ", H
u

e
In

fo
.R

a
n

g
e

);

d
in

g
 a

 k
e

y
 fro

m
 k

e
y
b

o
a

rd
 */

Y
R

e
a

d
();

n
g

in
g

 R
a

n
g

e
 v

a
lu

e
 a

n
d

 d
is

p
la

y
in

g
 it */

y
=

=
K

E
Y

1
) { H

u
e

In
fo

.R
a

n
g

e
−

−
;}

y
=

=
K

E
Y

2
) { H

u
e

In
fo

.R
a

n
g

e
+

+
;}

e
In

fo
.R

a
n

g
e

>
2

5
2

) { H
u

e
In

fo
.R

a
n

g
e

=
0

;}
e

In
fo

.R
a

n
g

e
<

0
) { H

u
e

In
fo

.R
a

n
g

e
=

2
5

2
;}

m
in

e
 H

u
e

M
in

 a
n

d
 H

u
e

M
a

x
 */

n
fo

.H
u

e
−

H
u

e
In

fo
.R

a
n

g
e

<
0

) {H
u

e
M

in
=

2
5

2
+

H
u

e
In

fo
.H

u
e

−
H

u
e

In
fo

.R
a

n
g

e
;}

e
M

in
=

H
u

e
In

fo
.H

u
e

−
H

u
e

In
fo

.R
a

n
g

e
;}

if (H
u

e
In

fo
.H

u
e

+
H

u
e

In
fo

.R
a

n
g

e
>

2
5

2
) {H

u
e

M
a

x
=

H
u

e
In

fo
.H

u
e

+
H

u
e

In
fo

.R
a

n
g

e
−

2
5

2
;}

e
ls

e
 {H

u
e

M
a

x
=

H
u

e
In

fo
.H

u
e

+
H

u
e

In
fo

.R
a

n
g

e
;}

/* F
illin

g
 R

G
B

 s
p

a
c
e

 w
ith

 fo
u

n
d

 H
u

e
 */

V
IS

_
F

illR
G

B
S

p
a

c
e

(H
u

e
M

in
, H

u
e

M
a

x
, V

IS
_

S
A

T
_

T
H

R
E

S
, C

o
lo

u
rC

la
s
s
, R

G
B

S
p

a
c
e

);
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ib
V
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n
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IS
_

C
o

lF
in

d
O

n
e

* S
Y

N
O

P
S

IS
*   v

o
id

 V
IS

_
C

o
lF

in
d

O
n

e
(c

o
lim

a
g

e
 *P

ic
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
O

b
je

c
t *O

b
je

c
t, B

Y
T

E
 C

o
lo

u
rC

la
s
s
)

* D
E

S
C

R
IP

T
IO

N
*   F

in
d

s
 th

e
 s

p
e

c
ifie

d
 c

o
lo

u
r c

la
s
s
.

*   R
e

tu
rn

s
 th

e
 C

o
lo

u
rC

la
s
s
 fo

u
n

d
 : e

ith
e

r C
o

lo
u

rC
la

s
s
, e

ith
e

r V
IS

_
N

O
N

E
.

* S
E

E
 A

L
S

O
*   V

IS
_

C
o

lIn
it V

IS
_

C
o

lC
le

a
r V

IS
_

C
o

lF
in

d
****/

in
t V

IS
_

C
o

lF
in

d
O

n
e

(c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
O

b
je

c
t *O

b
je

c
t, B

Y
T

E
 C

o
lo

u
rC

la
s
s
)

{
V

IS
_

P
ro

c
e

s
s
 P

ro
c
e

s
s
; /* P

ro
c
e

s
s
in

g
 s

tru
c
tu

re
 */

B
Y

T
E

 ta
b

le
[V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

B
Y

T
E

 X
_

lis
t[V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

B
Y

T
E

 Y
_

lis
t[V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

/* P
ro

c
e

s
s
 s

tru
c
tu

re
 in

it */
P

ro
c
e

s
s
.ta

b
le

=
&

ta
b

le
[0

];
P

ro
c
e

s
s
.X

_
lis

t=
&

X
_

lis
t[0

];
P

ro
c
e

s
s
.Y

_
lis

t=
&

Y
_

lis
t[0

];

/* F
in

d
 c

o
lo

u
r in

 im
a

g
e

 */
V

IS
_

F
in

d
C

la
s
s
(P

ic
, R

G
B

S
p

a
c
e

, &
P

ro
c
e

s
s
, C

o
lo

u
rC

la
s
s
);

/* R
e

d
u

c
e

 n
o

is
e

 fu
n

c
tio

n
 s

e
le

c
tio

n
 : n

o
rm

a
l, fa

s
t, e

v
e

ry
 2

n
d

 p
ix

e
ls

... */
if      (A

lg
o

In
fo

.fa
s
t &

&
 A

lg
o

In
fo

.lo
o

p
)  { P

ro
c
e

s
s
.in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

2
f(&

P
ro

c
e

s
s
);}

e
ls

e
 if (A

lg
o

In
fo

.fa
s
t &

&
 !A

lg
o

In
fo

.lo
o

p
) { P

ro
c
e

s
s
.in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

f(&
P

ro
c
e

s
s
);}

e
ls

e
 if (!A

lg
o

In
fo

.fa
s
t &

&
 A

lg
o

In
fo

.lo
o

p
) { P

ro
c
e

s
s
.in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

2
(&

P
ro

c
e

s
s
, A

lg
o

In
fo

.d
e

p
th

);}
e

ls
e

                                      { P
ro

c
e

s
s
.in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

(&
P

ro
c
e

s
s
, A

lg
o

In
fo

.d
e

p
th

);}

/* If a
n

 o
b

je
c
t h

a
s
 b

e
e

n
 fo

u
n

d
 */

if (P
ro

c
e

s
s
.in

d
e

x
>

=
0

) {
/* F

in
d

 lim
its

 o
f o

b
je

c
t */

in
t o

ffs
e

t=
(A

lg
o

In
fo

.d
e

p
th

)*(1
<

<
A

lg
o

In
fo

.lo
o

p
);

in
t to

p
=

im
a

g
e

ro
w

s
+

1
,  b

o
t=

−
1

, rig
h

t=
−

1
, le

ft=
im

a
g

e
c
o

lu
m

n
s
+

1
;

V
IS

_
F

in
d

L
im

its
(&

to
p

, &
b

o
t, &

rig
h

t, &
le

ft, &
P

ro
c
e

s
s
);

/* U
p

d
a

te
 o

b
je

c
t s

tru
c
tu

re
 */

O
b

je
c
t−

>
c
la

s
s
=

C
o

lo
u

rC
la

s
s
;

O
b

je
c
t−

>
to

p
=

to
p

−
o

ffs
e

t;
O

b
je

c
t−

>
b

o
t=

b
o

t+
o

ffs
e

t;
O

b
je

c
t−

>
rig

h
t=

rig
h

t+
o

ffs
e

t;
O

b
je

c
t−

>
le

ft=
le

ft−
o

ffs
e

t;
}/* N

o
 o

b
je

c
t h

a
s
 b

e
e

n
 fo

u
n

d
 */

e
ls

e
 {

O
b

je
c
t−

>
c
la

s
s
=

V
IS

_
N

O
N

E
;

}/* R
e

tu
rn

 re
s
u

lt */
re

tu
rn

 O
b

je
c
t−

>
c
la

s
s
;

}/****f* L
ib

V
is

io
n

/V
IS

_
C

o
lF

in
d

* S
Y

N
O

P
S

IS
*   in

t V
IS

_
C

o
lF

in
d

(in
t n

u
m

b
e

r, c
o

lim
a

g
e

 *P
ic

, V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, 
*                   V

IS
_

O
b

je
c
t *O

b
je

c
t, B

Y
T

E
 *C

o
lo

u
rL

is
t)

* D
E

S
C

R
IP

T
IO

N
*   F

in
d

s
 s

e
v
e

ra
l c

o
lo

u
r c

la
s
s
e

s
 p

u
r in

 a
 lis

t.
*   R

e
tu

rn
s
 −

1
 if ’n

u
m

b
e

r’ is
 b

ig
g

e
r th

a
n

 th
e

 m
a

x
im

u
m

 n
u

m
b

e
r o

f c
la

s
s
e

s
, 0

 fo
r n

o
 e

rro
rs

.
* S

E
E

 A
L

S
O

*   V
IS

_
C

o
lIn

it V
IS

_
C

o
lC

le
a

r V
IS

_
C

o
lF

in
d

O
n

e
****/

in
t V

IS
_

C
o

lF
in

d
(in

t n
u

m
b

e
r, c

o
lim

a
g

e
 *P

ic
, V

IS
_

R
G

B
S

p
a

c
e

 *R
G

B
S

p
a

c
e

, V
IS

_
O

b
je

c
t *O

b
je

c
t, B

Y
T

E
 *C

o
lo

u
rL

is
t)

{
in

t         in
d

e
x
;

V
IS

_
P

ro
c
e

s
s
 P

ro
c
e

s
s
[V

IS
_

M
A

X
_

C
L

A
S

S
]; /* P

ro
c
e

s
s
in

g
 s

tru
c
tu

re
 */

B
Y

T
E

 ta
b

le
[V

IS
_

M
A

X
_

C
L

A
S

S
][V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

B
Y

T
E

 X
_

lis
t[V

IS
_

M
A

X
_

C
L

A
S

S
][V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

B
Y

T
E

 Y
_

lis
t[V

IS
_

M
A

X
_

C
L

A
S

S
][V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
];

/* C
h

e
c
k
 th

a
t n

u
m

b
e

r~
>

V
IS

_
M

A
X

_
C

L
A

S
S

 */
if (n

u
m

b
e

r>
V

IS
_

M
A

X
_

C
L

A
S

S
) {

V
IS

_
E

rro
rD

is
p

la
y
("V

IS
_

C
o

lF
in

d
", −

1
, "V

IS
_

M
A

X
_

C
L

A
S

S
");

re
tu

rn
 −

1
;

}/* P
ro

c
e

s
s
 s

tru
c
tu

re
 in

it */
fo

r (in
d

e
x
=

0
; in

d
e

x
<

=
n

u
m

b
e

r; in
d

e
x
+

+
) {

P
ro

c
e

s
s
[in

d
e

x
].ta

b
le

=
&

ta
b

le
[in

d
e

x
][0

];
P

ro
c
e

s
s
[in

d
e

x
].X

_
lis

t=
&

X
_

lis
t[in

d
e

x
][0

];
P

ro
c
e

s
s
[in

d
e

x
].Y

_
lis

t=
&

Y
_

lis
t[in

d
e

x
][0

];
}/* F

in
d

 c
o

lo
u

r in
 im

a
g

e
 */

V
IS

_
F

in
d

C
la

s
s
e

s
(n

u
m

b
e

r, P
ic

, R
G

B
S

p
a

c
e

, &
P

ro
c
e

s
s
[0

], C
o

lo
u

rL
is

t);

/* R
e

d
u

c
e

 N
o

is
e

, fin
d

 lim
its

 */
fo

r (in
d

e
x
=

0
; in

d
e

x
<

=
n

u
m

b
e

r; in
d

e
x
+

+
) {

/* R
e

d
u

c
e

 n
o

is
e

 fu
n

c
tio

n
 s

e
le

c
tio

n
 : n

o
rm

a
l, fa

s
t, e

v
e

ry
 2

n
d

 p
ix

e
ls

... */
if      (A

lg
o

In
fo

.fa
s
t &

&
 A

lg
o

In
fo

.lo
o

p
)  { P

ro
c
e

s
s
[in

d
e

x
].in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

2
f(&

P
ro

c
e

s
s
[in

d
e

x
]);}

e
ls

e
 if (A

lg
o

In
fo

.fa
s
t &

&
 !A

lg
o

In
fo

.lo
o

p
) { P

ro
c
e

s
s
[in

d
e

x
].in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

f(&
P

ro
c
e

s
s
[in

d
e

x
]);}

e
ls

e
 if (!A

lg
o

In
fo

.fa
s
t &

&
 A

lg
o

In
fo

.lo
o

p
) { P

ro
c
e

s
s
[in

d
e

x
].in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

2
(&

P
ro

c
e

s
s
[in

d
e

x
],

A
lg

o
In

fo
.d

e
p

th
);}

e
ls

e
                                      { P

ro
c
e

s
s
[in

d
e

x
].in

d
e

x
=

V
IS

_
R

e
d

u
c
e

N
o

is
e

(&
P

ro
c
e

s
s
[in

d
e

x
],

A
lg

o
In

fo
.d

e
p

th
);}



a
n

 o
b

je
c
t h

a
s
 b

e
e

n
 fo

u
n

d
 */

o
c
e

s
s
[in

d
e

x
].in

d
e

x
>

=
0

) {
in

d
 lim

its
 o

f o
b

je
c
t */

o
ffs

e
t=

(A
lg

o
In

fo
.d

e
p

th
)*(1

<
<

A
lg

o
In

fo
.lo

o
p

);
to

p
=

im
a

g
e

ro
w

s
+

1
,  b

o
t=

−
1

, rig
h

t=
−

1
, le

ft=
im

a
g

e
c
o

lu
m

n
s
+

1
;

F
in

d
L

im
its

(&
to

p
, &

b
o

t, &
rig

h
t, &

le
ft, &

P
ro

c
e

s
s
[in

d
e

x
]);

p
d

a
te

 o
b

je
c
t s

tru
c
tu

re
 */

c
t[in

d
e

x
].c

la
s
s
=

C
o

lo
u

rL
is

t[in
d

e
x
];

c
t[in

d
e

x
].to

p
=

to
p

−
o

ffs
e

t;
c
t[in

d
e

x
].b

o
t=

b
o

t+
o

ffs
e

t;
c
t[in

d
e

x
].rig

h
t=

rig
h

t+
o

ffs
e

t;
c
t[in

d
e

x
].le

ft=
le

ft−
o

ffs
e

t;

o
b

je
c
t h

a
s
 b

e
e

n
 fo

u
n

d
 */

c
t[in

d
e

x
].c

la
s
s
=

V
IS

_
N

O
N

E
;

ro
r */

;b
V

is
io

n
/V

IS
_

C
a

m
C

a
l

SV
IS

_
C

a
m

C
a

l(V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, B
Y

T
E

 C
o

lo
u

rC
la

s
s
)

T
IO

N
a

 a
n

g
le

 o
ffs

e
t

Oa
m

C
a

l(V
IS

_
R

G
B

S
p

a
c
e

 *R
G

B
S

p
a

c
e

, B
Y

T
E

 C
o

lo
u

rC
la

s
s
)

   im
g

ro
w

s
=

im
a

g
e

ro
w

s
, im

g
c
o

ls
=

im
a

g
e

c
o

lu
m

n
s
;

   m
id

d
le

=
0

;
   d

is
ta

n
c
e

=
2

6
0

; /* in
 m

m
 */

   K
e

y
=

0
;

   te
s
t=

0
;

   a
lp

h
a

_
o

ffs
e

t=
C

a
m

In
fo

.a
lp

h
a

;
   b

w
im

g
[V

IS
_

L
C

D
_

D
IS

P
L

A
Y

_
S

IZ
E

]; /* D
e

c
la

ra
tio

n
 o

f L
C

D
 d

is
p

la
y
 1

D
 a

rra
y
 */

   F
o

u
n

d
C

o
lo

u
r;

   b
e

ta
_

o
ffs

e
t=

C
a

m
In

fo
.b

e
ta

;
   b

e
ta

_
th

=
0

, b
e

ta
_

r=
0

;
   C

o
lP

ic
;

c
t  O

b
je

c
t;

e
s
s
 P

ro
c
e

s
s
;

d
le

 p
a

n
n

in
g

_
c
a

m
e

ra
=

0
;

s
s
 s

tru
c
tu

re
 d

e
c
la

ra
tio

n
 */

le
[V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
]; /* B

in
a

ry
 ta

b
le

 */
is

t[V
IS

_
IM

R
O

W
*V

IS
_

IM
C

O
L

]; /* X
 p

o
s
itio

n
s
 lis

t */

is
t[V

IS
_

IM
R

O
W

*V
IS

_
IM

C
O

L
]; /* Y

 p
o

s
itio

n
s
 lis

t */

s
s
 s

tru
c
tu

re
 in

it */
ta

b
le

=
&

ta
b

le
[0

];
X

_
lis

t=
&

X
_

lis
t[0

];
Y

_
lis

t=
&

Y
_

lis
t[0

];

o
r c

a
lib

ra
tio

n
 */

O
ffs

e
t(a

lp
h

a
_

o
ffs

e
t, b

e
ta

_
o

ffs
e

t);
"N

o
", " ", " ", "Y

e
s
");

fo
r Y

e
s
 o

r N
o

 */
e

y
!=

K
E

Y
1

 &
&

 K
e

y
!=

K
E

Y
4

) {
Y

R
e

a
d

();

c
a

lib
ra

tio
n

... */
=

K
E

Y
4

) {

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

*/
h

a
 o

ffs
e

t c
a

lib
ra

tio
n

 */
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
*/

n
in

g
 c

a
m

e
ra

 s
e

rv
o

 in
it */

g
_

c
a

m
e

ra
=

S
E

R
V

O
In

it(S
E

R
V

O
1

1
);

p
ic

tu
re

 in
itia

lis
a

tio
n

 */
itB

w
im

g
(b

w
im

g
);

w
 b

o
rd

e
r o

f c
a

m
e

ra
 p

ic
tu

re
 */

a
w

B
o

rd
e

r(b
w

im
g

, im
a

g
e

ro
w

s
, im

a
g

e
c
o

lu
m

n
s
);

h
a

 o
ffs

e
t d

is
p

la
y
 */

a
r();

P
rin

tf(0
,1

1
, "A

lp
h

a
");

P
rin

tf(2
,1

1
, "M

id
.");

u
(" ", " ", " ", "S

to
p

");

fro
m

 0
 to

 2
5

5
 u

n
til m

id
d

le
 is

 fo
u

n
d

 */
o

ffs
e

t=
0

; te
s
t=

0
; K

e
y
=

0
;

((!te
s
t) &

&
 (K

e
y
=

K
E

Y
R

e
a

d
()!=

K
E

Y
4

)) 
{

O
S

e
t(p

a
n

n
in

g
_

c
a

m
e

ra
, a

lp
h

a
_

o
ffs

e
t);

e
ttin

g
 im

a
g

e
 */

it(5
0

); /* A
v
o

id
 tiltin

g
 c

a
m

e
ra

 p
ro

b
le

m
s
... */

e
tC

o
lF

ra
m

e
(&

C
o

lP
ic

, 0
);

ro
c
e

s
s
 to

 fin
d

 c
la

s
s
e

s
 */

d
C

o
lo

u
r=

V
IS

_
C

o
lF

in
d

O
n

e
(&

C
o

lP
ic

, R
G

B
S

p
a

c
e

, &
O

b
je

c
t, C

o
lo

u
rC

la
s
s
);

/* M
o

d
ify

 ’b
w

im
g

’ if o
b

je
c
t fo

u
n

d
 */

if (F
o

u
n

d
C

o
lo

u
r=

=
C

o
lo

u
rC

la
s
s
) {

m
id

d
le

=
(O

b
je

c
t.rig

h
t+

O
b

je
c
t.le

ft)>
>

1
;

V
IS

_
D

ra
w

L
im

its
(b

w
im

g
, &

O
b

je
c
t, 1

);
}/* D

is
p

la
y
... */

L
C

D
P

u
tIm

a
g

e
(b

w
im

g
);

/* E
ra

s
e

 o
b

je
c
t a

fte
r d

is
p

la
y
in

g
 */

if (F
o

u
n

d
C

o
lo

u
r=

=
C

o
lo

u
rC

la
s
s
) {

V
IS

_
D

ra
w

L
im

its
(b

w
im

g
, &

O
b

je
c
t, 0

);
}/* D

is
p

la
y
 v

a
lu

e
s
 */

L
C

D
S

e
tP

rin
tf(1

,1
1

, "%
d

 ", a
lp

h
a

_
o

ffs
e

t);
L

C
D

S
e

tP
o

s
(3

,1
1

);
if (F

o
u

n
d

C
o

lo
u

r=
=

C
o

lo
u

rC
la

s
s
) { L

C
D

P
rin

tf("%
d

 ", m
id

d
le

−
(im

g
c
o

ls
/2

));}
e

ls
e

 { L
C

D
P

rin
tf("    ");}

L
C

D
S

e
tP

rin
tf(4

,1
1

, "%
d

 ", O
b

je
c
t.rig

h
t);

L
C

D
S

e
tP

rin
tf(5

,1
1

, "%
d

 ", O
b

je
c
t.le

ft);

/* T
e

s
t e

n
d

 o
f a

lig
n

m
e

n
t */

if (m
id

d
le

=
=

(im
g

c
o

ls
/2

)) { te
s
t=

1
;}

/* N
O

T
 a

lig
n

e
d

... K
e

e
p

 g
o

in
g

... */
e

ls
e

 { a
lp

h
a

_
o

ffs
e

t+
+

;}

/* N
O

T
 fo

u
n

d
 ?

 T
ry

 a
g

a
in

 ! */
if (a

lp
h

a
_

o
ffs

e
t>

2
5

5
) { A

U
T

o
n

e
(1

1
0

,5
0

0
); a

lp
h

a
_

o
ffs

e
t=

0
;}

}/* W
a

it fo
r a

n
y
k
e

y
 */

L
C

D
M

e
n

u
("  A

", "N
 Y

", "K
 E

", "Y
");

K
E

Y
W

a
it(A

N
Y

K
E

Y
);

/* P
a

n
n

in
g

 c
a

m
e

ra
 s

e
rv

o
 re

le
a

s
e

 */
S

E
R

V
O

R
e

le
a

s
e

(p
a

n
n

in
g

_
c
a

m
e

ra
);

/*−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
*/

/* B
e

ta
 o

ffs
e

t c
a

lib
ra

tio
n

 */
/*−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

*/

/* O
ffs

e
t c

a
lib

ra
tio

n
 d

is
p

la
y
 */

L
C

D
C

le
a

r();
L

C
D

S
e

tP
rin

tf(0
,0

, "* O
ffs

e
t c

a
l. *");

L
C

D
S

e
tP

rin
tf(1

,0
, "−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

");
L

C
D

S
e

tP
rin

tf(2
,0

, "  A
lig

n
. b

a
ll");

L
C

D
S

e
tP

rin
tf(3

,0
, " A

d
j. d

is
ta

n
c
e

");
L

C
D

S
e

tP
rin

tf(4
,0

, " w
ith

 : +
 o

r −
");

L
C

D
S

e
tP

rin
tf(5

,0
, "C

a
l : c

a
lib

ra
te

");
L

C
D

M
e

n
u

(" ", " ", " ", "N
x
t");

/* W
a

it fo
r "N

x
t" */

K
E

Y
W

a
it(K

E
Y

4
);

/* In
itia

lis
e

 d
is

p
la

y
 */

L
C

D
C

le
a

r();
L

C
D

S
e

tP
rin

tf(0
,1

1
, "D

is
t\n

");
L

C
D

S
e

tP
rin

tf(3
,1

0
, "O

ffs
e

t");
L

C
D

M
e

n
u

(" −
 ", " +

 ", " ", "C
a

l");
K

e
y
=

0
;

/* B
W

 p
ic

tu
re

 in
itia

lis
a

tio
n

 */
V

IS
_

In
itB

w
im

g
(b

w
im

g
);

/* D
ra

w
 b

o
rd

e
r o

f c
a

m
e

ra
 p

ic
tu

re
 */

V
IS

_
D

ra
w

B
o

rd
e

r(b
w

im
g

, im
a

g
e

ro
w

s
, im

a
g

e
c
o

lu
m

n
s
);

/* W
a

itin
g

 fo
r "C

a
l" */

w
h

ile
 (K

e
y
!=

K
E

Y
4

) {

/* G
e

ttin
g

 im
a

g
e

 */
C

A
M

G
e

tC
o

lF
ra

m
e

(&
C

o
lP

ic
, 0

);

/* P
ro

c
e

s
s
 to

 fin
d

 c
la

s
s
e

s
 */

F
o

u
n

d
C

o
lo

u
r=

V
IS

_
C

o
lF

in
d

O
n

e
(&

C
o

lP
ic

, R
G

B
S

p
a

c
e

, &
O

b
je

c
t, C

o
lo

u
rC

la
s
s
);

/* D
is

p
la

y
 b

o
rd

e
r o

f o
b

je
c
t c

la
s
s
 */

if (F
o

u
n

d
C

o
lo

u
r=

=
C

o
lo

u
rC

la
s
s
) {

m
id

d
le

=
(O

b
je

c
t.rig

h
t+

O
b

je
c
t.le

ft)/2
;

V
IS

_
D

ra
w

L
im

its
(b

w
im

g
, &

O
b

je
c
t, 1

);
}e

ls
e

 { m
id

d
le

=
−

1
;}

/* D
is

p
la

y
... */

L
C

D
P

u
tIm

a
g

e
(b

w
im

g
);

/* E
ra

s
e

 o
b

je
c
t in

 ’b
w

im
g

’ */
if (F

o
u

n
d

C
o

lo
u

r=
=

C
o

lo
u

rC
la

s
s
) {

V
IS

_
D

ra
w

L
im

its
(b

w
im

g
, &

O
b

je
c
t, 0

);
}/* R

e
a

d
in

g
 a

 k
e

y
 fro

m
 k

e
y
b

o
a

rd
 */

K
e

y
=

K
E

Y
R

e
a

d
();

/* C
h

a
n

g
in

g
 d

is
ta

n
c
e

 v
a

lu
e

 a
n

d
 d

is
p

la
y
in

g
 it */

if (K
e

y
=

=
K

E
Y

1
) { d

is
ta

n
c
e

−
=

1
0

;}
if (K

e
y
=

=
K

E
Y

2
) { d

is
ta

n
c
e

+
=

1
0

;}

/* P
ro

c
e

s
s
 a

n
g

le
s
, o

ffs
e

t a
n

d
 d

is
ta

n
c
e

 */
b

e
ta

_
th

=
a

ta
n

( (flo
a

t) (C
a

m
In

fo
.h

e
ig

h
t−

V
IS

_
B

A
L

L
_

R
A

D
IU

S
)/d

is
ta

n
c
e

);
b

e
ta

_
r=

( (flo
a

t) 0
.7

5
*C

a
m

In
fo

.a
n

g
le

/2
)*

((( (flo
a

t) (O
b

je
c
t.to

p
+

O
b

je
c
t.b

o
t)/2

)−
( (flo

a
t) im

g
ro

w
s
/2

))/
( (flo

a
t) im

g
ro

w
s
/2

));



_
o

ffs
e

t=
b

e
ta

_
th

−
b

e
ta

_
r;

is
p

la
y
 in

fo
rm

a
tio

n
 o

n
 L

C
D

 */
e

tP
rin

tf(1
,1

1
, "%

d
 c

m
", (in

t) (d
is

ta
n

c
e

/1
0

));
e

tP
rin

tf(4
,1

1
, "%

1
.2

f ", b
e

ta
_

o
ffs

e
t);

ifiy
 v

a
lu

e
s
 */

o
.a

lp
h

a
=

a
lp

h
a

_
o

ffs
e

t;
o

.b
e

ta
=

b
e

ta
_

o
ffs

e
t;

c
k
 if n

o
w

 a
ll in

fo
rm

a
tio

n
s
 a

re
 fille

d
 */

a
m

In
fo

.a
n

g
le

=
=

−
1

)||(C
a

m
In

fo
.a

lp
h

a
=

=
−

1
)||(C

a
m

In
fo

.b
e

ta
=

=
−

1
)||

(C
a

m
In

fo
.h

e
ig

h
t=

=
−

1
)||(C

a
m

In
fo

.le
n

g
h

t=
=

−
1

)) {
E

rro
rD

is
p

la
y
("V

IS
_

In
it", −

1
, "C

a
m

In
fo

 in
c
o

m
p

");
n

fo
O

K
=

0
; /* O

n
e

 v
a

lu
e

 is
 n

o
t s

e
t u

p
 p

ro
p

e
rly

... */

C
a

m
In

fo
O

K
=

1
;} /* F

la
g

 fo
r c

a
m

e
ra

 o
ffs

e
t s

tru
c
tu

re
 in

itia
lis

e
d

 */

le
 h

a
v
e

 b
e

e
n

 c
h

a
n

g
e

d
, n

e
e

d
 to

 re
c
a

lc
u

la
te

 d
is

ta
n

c
e

 ta
b

le
 */

b
le

s
O

K
=

0
;

p
la

y
 n

e
w

 v
a

lu
e

s
 */

o
w

O
ffs

e
t(a

lp
h

a
_

o
ffs

e
t, b

e
ta

_
o

ffs
e

t);
u

(" ", " ", " ", "N
x
t");

t fo
r N

x
t */

t(K
E

Y
4

);

b
V

is
io

n
/V

IS
_

M
o

d
ify

C
a

m
SV

IS
_

M
o

d
ify

C
a

m
(V

IS
_

C
a

m
O

ffs
e

t *N
e

w
C

a
m

)
T

IO
N

y
 c

a
m

e
ra

 o
ffs

e
t v

a
lu

e
s
.

 : a
 n

e
w

 ’V
IS

_
C

a
m

O
ffs

e
t’ s

tru
c
tu

re
.

   ’V
IS

_
C

a
m

O
ffs

e
t’ is

 5
 v

a
lu

e
s
 : a

n
g

le
 a

n
d

 b
e

ta
 a

s
 flo

a
ts

                                 a
lp

h
a

 a
s
 B

Y
T

E
                                 h

e
ig

h
t a

n
d

 le
n

g
h

t a
s
 in

t 
t : 0

 fo
r n

o
 e

rro
rs

, 1
 is

 th
e

 N
e

w
C

a
m

 is
 n

o
t v

a
lid

.
Oo

d
ify

A
lg

o

d
ify

C
a

m
(V

IS
_

C
a

m
e

ra
O

ffs
e

t *N
e

w
C

a
m

)

C
a

m
−

>
a

n
g

le
=

=
−

1
)||(N

e
w

C
a

m
−

>
a

lp
h

a
=

=
−

1
)||(N

e
w

C
a

m
−

>
b

e
ta

=
=

−
1

)||
C

a
m

−
>

h
e

ig
h

t=
=

−
1

)||(N
e

w
C

a
m

−
>

le
n

g
h

t=
=

−
1

)) {
ro

rD
is

p
la

y
("   M

o
d

ify
C

a
m

", −
1

, "N
e

w
C

a
m

 in
v
a

lid
");

o
O

K
=

0
;

−
1

;

o
.a

n
g

le
=

N
e

w
C

a
m

−
>

a
n

g
le

;
o

.a
lp

h
a

=
N

e
w

C
a

m
−

>
a

lp
h

a
;

o
.b

e
ta

=
N

e
w

C
a

m
−

>
b

e
ta

;
o

.h
e

ig
h

t=
N

e
w

C
a

m
−

>
h

e
ig

h
t;

o
.le

n
g

h
t=

N
e

w
C

a
m

−
>

le
n

g
h

t;
o

O
K

=
1

;
0

;

b
V

is
io

n
/V

IS
_

M
o

d
ify

A
lg

o
SV

IS
_

M
o

d
ify

A
lg

o
(V

IS
_

A
lg

o
 *N

e
w

A
lg

o
)

T
IO

N
y

 a
lg

o
rith

m
 v

a
lu

e
s
.

 : a
 n

e
w

 ’V
IS

_
a

lg
o

’ s
tru

c
tu

re
.

   ’V
IS

_
A

lg
o

’ is
 4

 in
te

g
e

rs
 : d

e
p

th
, fa

s
t, s

te
p

 a
n

d
 lo

o
p

 (m
o

d
ifie

d
 a

u
to

m
a

tic
a

lly
).

   P
ro

g
ra

m
 is

 c
h

e
c
k
in

g
 e

rro
r in

 ’V
IS

_
A

lg
o

’ v
a

lu
e

s
, d

is
p

la
y
 th

e
m

 a
n

d
 re

tu
rn

 a
n

 e
rro

r c
o

d
e

.
   If a

n
 e

rro
r o

c
c
u

rs
, n

o
 c

h
a

n
g

e
s
 a

re
 m

a
d

e
.

t : a
n

 e
rro

r c
o

d
e

 : =
=

0
 −

>
 n

o
 e

rro
rs

; >
0

 −
>

 a
n

 e
rro

r o
c
c
u

re
d

.
Oo

d
ify

C
a

m

d
ify

A
lg

o
(B

Y
T

E
 N

e
w

D
e

p
th

, B
Y

T
E

 N
e

w
F

a
s
t, B

Y
T

E
 N

e
w

S
te

p
)

r=
0

;

c
h

e
c
k
in

g
 */

S
te

p
!=

1
) &

&
 (N

e
w

S
te

p
!=

2
)) {

1
0

0
; V

IS
_

E
rro

rD
is

p
la

y
("! P

a
ra

m
. e

rro
r !", e

rro
r, "s

te
p

=
o

n
ly

 1
 o

r 2
"); re

tu
rn

 e
rro

r;

F
a

s
t=

=
1

) &
&

 (N
e

w
D

e
p

th
>

1
)) {

1
1

0
; V

IS
_

E
rro

rD
is

p
la

y
("! P

a
ra

m
. e

rro
r !", e

rro
r, "fa

s
t fo

r d
e

p
th

=
1

"); re
tu

rn
 e

rro
r;

y
 if n

o
 e

rro
rs

 */
o

r) {
ify

 A
lg

o
_

in
fo

 s
tru

c
t */

fo
.d

e
p

th
=

N
e

w
D

e
p

th
;

fo
.fa

s
t=

N
e

w
F

a
s
t;

fo
.s

te
p

=
N

e
w

S
te

p
;

fo
.lo

o
p

=
N

e
w

S
te

p
−

1
;

ro
rs

 o
c
c
u

re
d

... */
rro

r;

**************************************************************************************************/
e

 fu
n

c
tio

n
s
                                                                                      */

**************************************************************************************************/

/****f* L
ib

V
is

io
n

/V
IS

_
In

itD
is

ta
n

c
e

* S
Y

N
O

P
S

IS
*   B

Y
T

E
 V

IS
_

In
itD

is
ta

n
c
e

(v
o

id
)

* D
E

S
C

R
IP

T
IO

N
*   C

h
e

c
k
 th

e
 C

a
m

In
fo

 a
n

d
 in

itia
lis

e
 d

is
ta

n
c
e

s
 lo

o
k
u

p
 ta

b
le

s
.

*   O
u

tp
u

t : re
tu

rn
s
 0

 if V
IS

_
s
tru

c
t is

 s
e

t u
p

 p
ro

p
e

rly
, >

0
 if n

o
t o

r if b
e

ta
 a

n
g

le
 n

o
t s

e
t u

p
.

* S
E

E
 A

L
S

O
*   V

IS
_

G
e

tP
o

s
itio

n
()

****/
B

Y
T

E
 V

IS
_

In
itD

is
ta

n
c
e

(v
o

id
)

{
in

t   e
rro

r=
0

;
in

t   ro
w

=
0

, c
o

l=
0

;
in

t   d
_

n
o

rm
=

0
, d

_
b

o
rd

=
0

;
in

t   im
g

ro
w

s
=

im
a

g
e

ro
w

s
, im

g
c
o

ls
=

im
a

g
e

c
o

lu
m

n
s
;

flo
a

t a
lp

h
a

=
0

, b
e

ta
=

0
;

flo
a

t te
m

p
, c

o
s
_

a
lp

h
a

, s
in

_
a

lp
h

a
;

/* C
h

e
c
k
 if th

e
 C

a
m

In
fo

 s
tru

c
t h

a
s
 b

e
e

n
 fille

d
 o

r n
o

t */
if (C

a
m

In
fo

O
K

) {

/* In
itia

lis
e

 s
h

o
w

 p
ro

g
re

s
s
 d

is
p

la
y
 */

V
IS

_
In

itS
h

o
w

P
ro

g
re

s
s
("* D

is
ta

n
c
e

 c
a

l.\n
");

fo
r (ro

w
=

0
; ro

w
<

im
g

ro
w

s
; ro

w
+

+
) {

b
e

ta
=

(0
.7

5
*(0

.5
*C

a
m

In
fo

.a
n

g
le

))*(ro
w

−
(0

.5
*im

g
ro

w
s
))/(0

.5
*im

g
ro

w
s
);

b
e

ta
+

=
C

a
m

In
fo

.b
e

ta
;

te
m

p
=

(flo
a

t) (C
a

m
In

fo
.h

e
ig

h
t−

V
IS

_
B

A
L

L
_

R
A

D
IU

S
);

d
_

n
o

rm
=

(s
h

o
rt) (te

m
p

/b
e

ta
);

d
_

b
o

rd
=

(s
h

o
rt) ((te

m
p

−
(0

.5
*V

IS
_

B
A

L
L

_
R

A
D

IU
S

))/b
e

ta
);

fo
r (c

o
l=

0
; c

o
l<

im
g

c
o

ls
; c

o
l+

+
) {

a
lp

h
a

=
0

.5
*C

a
m

In
fo

.a
n

g
le

*(( (flo
a

t) (2
*c

o
l)/(im

g
c
o

ls
))−

1
);

c
o

s
_

a
lp

h
a

=
c
o

s
(a

lp
h

a
);

s
in

_
a

lp
h

a
=

s
in

(a
lp

h
a

);

D
is

tT
a

b
le

s
.D

is
t_

a
n

g
le

[V
IS

_
A

L
P

H
A

][ro
w

][c
o

l]=
a

lp
h

a
;

D
is

tT
a

b
le

s
.D

is
t_

a
n

g
le

[V
IS

_
B

E
T

A
][ro

w
][c

o
l]=

b
e

ta
;

D
is

tT
a

b
le

s
.D

is
t_

d
is

t[V
IS

_
N

O
R

M
A

L
][ro

w
][c

o
l]=

d
_

n
o

rm
;

D
is

tT
a

b
le

s
.D

is
t_

d
is

t[V
IS

_
B

O
R

D
E

R
][ro

w
][c

o
l]=

d
_

b
o

rd
;

D
is

tT
a

b
le

s
.D

is
t_

c
o

o
rd

[V
IS

_
N

O
R

M
A

L
][V

IS
_

R
O

W
][ro

w
][c

o
l]=

(s
h

o
rt)d

_
n

o
rm

*c
o

s
_

a
lp

h
a

;
D

is
tT

a
b

le
s
.D

is
t_

c
o

o
rd

[V
IS

_
N

O
R

M
A

L
][V

IS
_

C
O

L
][ro

w
][c

o
l]=

(s
h

o
rt)d

_
n

o
rm

*s
in

_
a

lp
h

a
;

D
is

tT
a

b
le

s
.D

is
t_

c
o

o
rd

[V
IS

_
B

O
R

D
E

R
][V

IS
_

R
O

W
][ro

w
][c

o
l]=

(s
h

o
rt)d

_
b

o
rd

*c
o

s
_

a
lp

h
a

−
V

IS
_

B
A

L
L

_
R

A
D

IU
S

;
D

is
tT

a
b

le
s
.D

is
t_

c
o

o
rd

[V
IS

_
B

O
R

D
E

R
][V

IS
_

C
O

L
][ro

w
][c

o
l]=

(s
h

o
rt)d

_
b

o
rd

*s
in

_
a

lp
h

a
;

}/* S
till a

liv
e

 d
is

p
la

y
... */

V
IS

_
S

h
o

w
P

ro
g

re
s
s
(ro

w
,im

g
ro

w
s
);

}D
is

tT
a

b
le

s
O

K
=

1
; /* D

is
ta

n
c
e

 lo
o

k
u

p
 ta

b
le

 in
itia

ls
e

d
 */

}e
ls

e
 { /* C

a
m

In
fo

 h
a

s
 n

o
t b

e
e

n
 d

e
fin

e
d

 */
V

IS
_

E
rro

rD
is

p
la

y
("   D

is
tT

a
b

le
s
", −

1
, "C

a
m

In
fo

 e
m

p
ty

");
e

rro
r=

−
1

;
}re

tu
rn

 e
rro

r;
}/****f* L

ib
V

is
io

n
/V

IS
_

G
e

tP
o

s
itio

n
* S

Y
N

O
P

S
IS

*   in
t V

IS
_

G
e

tP
o

s
itio

n
(V

IS
_

O
b

je
c
t *O

b
je

c
t, V

IS
_

D
is

ta
n

c
e

 *O
b

jD
is

t)
* D

E
S

C
R

IP
T

IO
N

*   R
e

tu
rn

s
 th

e
 d

is
ta

n
c
e

 o
f th

e
 b

a
ll b

y
 lo

o
k
in

g
 in

to
 th

e
 lo

o
k
u

p
 ta

b
le

s
.

*   A
 V

IS
_

d
is

ta
n

c
e

 s
tru

c
t is

 m
a

d
e

 o
f 3

 in
te

g
e

rs
 : d

_
ro

w
, d

_
c
o

l a
n

d
 d

is
t.

*   W
h

e
re

 d
is

t is
 th

e
 d

ire
c
t d

is
ta

n
c
e

 b
e

tw
e

e
n

 th
e

 ro
b

o
t a

n
d

 th
e

 b
a

ll,
*         (d

_
ro

w
,d

_
c
o

l) a
re

 th
e

 re
la

tiv
e

 c
o

o
rd

in
a

te
s
 o

f th
e

 b
a

ll c
o

m
p

a
re

d
 to

 th
e

 ro
b

o
t p

o
s
itio

n
,

*   S
o

 th
a

t d
is

t^
2

=
d

_
ro

w
^
2

+
d

_
c
o

l^
2

.
*   d

_
ro

w
 is

 th
e

 d
e

p
th

 o
f th

e
 b

a
ll c

o
m

p
a

re
d

 to
 th

e
 ro

b
o

t p
o

s
itio

n
,

*   d
_

c
o

l is
 th

e
 s

id
e

 d
is

ta
n

c
e

 o
f th

e
 b

a
ll c

o
m

p
a

re
d

 to
 th

e
 ro

b
o

t.
*   In

p
u

t  : a
n

 o
b

je
c
t s

tru
c
tu

re
 (V

IS
_

O
b

je
c
t) a

n
d

 a
 V

IS
_

D
is

ta
n

c
e

 re
s
u

lt s
tru

c
tu

re
.

*   O
u

tp
u

t : 0
 o

n
 s

u
c
c
e

s
s
, −

1
 if d

is
ta

n
c
e

 ta
b

le
 is

 n
o

t in
itia

lis
e

d
.

* S
E

E
 A

L
S

O
*   V

IS
_

In
it_

d
is

ta
n

c
e

()
****/

in
t V

IS
_

G
e

tP
o

s
itio

n
(V

IS
_

O
b

je
c
t *O

b
je

c
t, V

IS
_

D
is

ta
n

c
e

 *O
b

jD
is

t) {
in

t       b
o

rd
e

r=
0

;
in

t       p
c
o

l=
0

, p
ro

w
=

0
;

in
t       e

rro
r=

0
;

/* C
h

e
c
k
 if d

is
ta

n
c
e

 lo
o

k
u

p
 ta

b
le

 is
 u

p
d

a
te

d
 */

if (!D
is

tT
a

b
le

s
O

K
) {

V
IS

_
E

rro
rD

is
p

la
y
("  G

e
tP

o
s
itio

n
", −

1
, "   D

is
tT

a
b

le
s
");

e
rro

r=
−

1
;

}/* L
o

o
k
 fo

r b
a

ll p
o

s
itio

n
 */

if (O
b

je
c
t−

>
b

o
t>

=
im

a
g

e
ro

w
s
−

5
) {

if (O
b

je
c
t−

>
le

ft<
=

4
) {

p
ro

w
=

O
b

je
c
t−

>
to

p
; p

c
o

l=
O

b
je

c
t−

>
rig

h
t;

b
o

rd
e

r=
V

IS
_

B
O

R
D

E
R

;
}e

ls
e

 if (O
b

je
c
t−

>
rig

h
t>

=
im

a
g

e
c
o

lu
m

n
s
−

5
) {

p
ro

w
=

O
b

je
c
t−

>
to

p
; p

c
o

l=
O

b
je

c
t−

>
le

ft;
b

o
rd

e
r=

V
IS

_
B

O
R

D
E

R
;

}e
ls

e
 {

p
ro

w
=

O
b

je
c
t−

>
to

p
; p

c
o

l=
(O

b
je

c
t−

>
rig

h
t+

O
b

je
c
t−

>
le

ft)>
>

1
;

b
o

rd
e

r=
V

IS
_

B
O

R
D

E
R

;
}

}



(O
b

je
c
t−

>
le

ft<
=

5
) {

O
b

je
c
t−

>
to

p
+

O
b

je
c
t−

>
b

o
t)>

>
1

; p
c
o

l=
O

b
je

c
t−

>
rig

h
t;

=
V

IS
_

N
O

R
M

A
L

;

(O
b

je
c
t−

>
rig

h
t>

=
im

a
g

e
c
o

lu
m

n
s
−

5
) {

O
b

je
c
t−

>
to

p
+

O
b

je
c
t−

>
b

o
t)>

>
1

; p
c
o

l=
O

b
je

c
t−

>
le

ft;
=

V
IS

_
N

O
R

M
A

L
;

O
b

je
c
t−

>
to

p
+

O
b

je
c
t−

>
b

o
t)>

>
1

;
O

b
je

c
t−

>
rig

h
t+

O
b

je
c
t−

>
le

ft)>
>

1
;

=
V

IS
_

N
O

R
M

A
L

;

a
lu

e
s
 in

 th
e

 ta
b

le
s
 */

>
d

_
ro

w
=

D
is

tT
a

b
le

s
.D

is
t_

c
o

o
rd

[b
o

rd
e

r][V
IS

_
R

O
W

][(s
h

o
rt) p

ro
w

][(s
h

o
rt) p

c
o

l];
>

d
_

c
o

l=
D

is
tT

a
b

le
s
.D

is
t_

c
o

o
rd

[b
o

rd
e

r][V
IS

_
C

O
L

][(s
h

o
rt) p

ro
w

][(s
h

o
rt) p

c
o

l];
>

d
is

t=
D

is
tT

a
b

le
s
.D

is
t_

d
is

t[b
o

rd
e

r][(s
h

o
rt) p

ro
w

][(s
h

o
rt) p

c
o

l];
>

a
lp

h
a

=
D

is
tT

a
b

le
s
.D

is
t_

a
n

g
le

[V
IS

_
A

L
P

H
A

][(s
h

o
rt) p

ro
w

][(s
h

o
rt) p

c
o

l];
>

b
e

ta
=

D
is

tT
a

b
le

s
.D

is
t_

a
n

g
le

[V
IS

_
B

E
T

A
][(s

h
o

rt) p
ro

w
][(s

h
o

rt) p
c
o

l];

;**************************************************************************************************/
fu

n
c
tio

n
s
                                                                                       */

**************************************************************************************************/
b

V
is

io
n

/V
IS

_
In

itB
w

im
g

SV
IS

_
In

itB
w

im
g

(B
Y

T
E

 *b
w

im
g

)
T

IO
N

D
 p

ic
tu

re
 in

itia
lis

a
tio

n
.

 : ’P
ic

tu
re

’ s
tru

c
tu

re
.

t : 0
 n

o
 e

rro
rs

, −
1

 N
U

L
L

 b
w

im
g

 p
o

in
te

r.
Oo

m
p

u
te

B
W

 V
IS

_
D

ra
w

L
im

its

itB
w

im
g

(B
Y

T
E

 *b
w

im
g

)

p
ic

tu
re

 */
!=

b
w

im
g

) {
(b

w
im

g
, 0

, V
IS

_
L

C
D

_
D

IS
P

L
A

Y
_

S
IZ

E
);

0
; /* P

o
in

te
r w

a
s
 n

o
t N

U
L

L
 */

e
tu

rn
 −

1
;} /* E

rro
r p

o
in

te
r w

a
s
 N

U
L

L
 */

b
V

is
io

n
/V

IS
_

C
o

m
p

u
te

B
W

SV
IS

_
C

o
m

p
u

te
B

W
(B

Y
T

E
 *b

w
im

g
, B

Y
T

E
 *te

m
p

)
T

IO
N

2
D

 b
in

a
ry

 a
rra

y
 a

n
d

 m
a

k
e

 a
 lin

e
a

r B
W

 a
rra

y
 fo

r L
C

D
 d

is
p

la
y
.

 : a
 B

W
 lin

e
a

r a
rra

y
 fo

r L
C

D
 d

is
p

la
y
 (b

w
im

g
), a

 2
D

 b
in

a
ry

 a
rra

y
 (te

m
p

).
On

itB
w

im
g

 V
IS

_
D

ra
w

L
im

its

o
m

p
u

te
B

W
(B

Y
T

E
 *b

w
im

g
, B

Y
T

E
 *te

m
p

)

0
;

o
w

s
=

V
IS

_
L

C
D

_
D

IS
P

L
A

Y
_

R
O

W
, im

g
c
o

ls
=

V
IS

_
L

C
D

_
D

IS
P

L
A

Y
_

C
O

L
;

s
iz

e
=

V
IS

_
L

C
D

_
D

IS
P

L
A

Y
_

S
IZ

E
;

=
im

g
ro

w
s
−

1
; ro

w
>

=
0

; ro
w

−
−

) { /*fo
r (ro

w
=

0
; ro

w
<

im
a

g
e

ro
w

s
; ro

w
+

+
) {*/

l;o
l=

0
; c

o
l<

im
g

c
o

ls
; c

o
l+

=
8

) {
v

a
lu

e
=

0
x
0

0
;

i;(i=
7

; i>
=

0
; i−

−
) { /*fo

r (i=
0

; i<
8

; i+
+

) {*/
t o

ffs
e

t=
((ro

w
*im

g
c
o

ls
)+

(c
o

l+
7

−
i)); /* [ro

w
][c

o
l+

(7
−

i)] */
((o

ffs
e

t<
d

a
ta

s
iz

e
) &

&
 (te

m
p

[o
ffs

e
t])) {

v
a

lu
e

 |=
 (1

<
<

i);

g
[(ro

w
<

<
4

)+
(c

o
l>

>
3

)]=
v
a

lu
e

; /* b
w

im
g

[ro
w

*1
2

8
/8

+
c
o

l/8
]=

v
a

lu
e

; */

b
V

is
io

n
/V

IS
_

D
ra

w
L

im
its

SV
IS

_
D

ra
w

L
im

its
(B

Y
T

E
 *b

w
im

g
, V

IS
_

O
b

je
c
t *O

b
je

c
t, in

t v
a

lu
e

)
T

IO
N

o
b

je
c
t lim

its
 a

n
d

 c
e

n
te

r o
n

 b
w

 p
ic

tu
re

.
=

=
0

 −
>

 e
ra

s
e

, v
a

lu
e

>
0

 −
>

 d
ra

w
.

 : a
 B

W
 lin

e
a

r a
rra

y
, th

e
 re

g
io

n
 to

 d
ra

w
 a

n
d

 a
 d

ra
w

 (i.e
. >

0
) / e

ra
s
e

 (i.e
. =

=
0

) v
a

lu
e

.
t : N

/A
On

itB
w

im
g

 V
IS

_
C

o
m

p
u

te
B

W

ra
w

L
im

its
(B

Y
T

E
 *b

w
im

g
, V

IS
_

O
b

je
c
t *O

b
je

c
t, in

t v
a

lu
e

)

O
b

je
c
t−

>
to

p
, b

o
t=

O
b

je
c
t−

>
b

o
t;

t=
O

b
je

c
t−

>
rig

h
t, le

ft=
O

b
je

c
t−

>
le

ft;

e
) { /* D

is
p

la
y
 lim

its
 o

f o
b

je
c
t (v

a
lu

e
>

0
) */

(to
p

<
<

4
)+

(rig
h

t>
>

3
)] |=

 1
<

<
(7

−
(rig

h
t) %

 8
); /* b

w
im

g
[to

p
*1

2
8

/8
+

rig
h

t/8
] |=

 1
<

<
(7

−
(rig

h
t) %

 8
); */

(to
p

<
<

4
)+

(le
ft>

>
3

)] |=
 1

<
<

(7
−

(le
ft) %

 8
);   /* b

w
im

g
[to

p
*1

2
8

/8
+

le
ft/8

] |=
 1

<
<

(7
−

(le
ft) %

 8
); */

(b
o

t<
<

4
)+

(rig
h

t>
>

3
)] |=

 1
<

<
(7

−
(rig

h
t) %

 8
); /* b

w
im

g
[b

o
t*1

2
8

/8
+

rig
h

t/8
] |=

 1
<

<
(7

−
(rig

h
t) %

 8
); */

(b
o

t<
<

4
)+

(le
ft>

>
3

)] |=
 1

<
<

(7
−

(le
ft) %

 8
);   /* b

w
im

g
[b

o
t*1

2
8

/8
+

le
ft/8

] |=
 1

<
<

(7
−

(le
ft) %

 8
); */

((to
p

+
b

o
t)<

<
3

)+
((rig

h
t+

le
ft)>

>
4

)] |=
 1

<
<

(7
−

((rig
h

t+
le

ft)>
>

1
) %

 8
);

m
g

[((to
p

+
b

o
t)/2

)*1
2

8
/8

+
((rig

h
t+

le
ft)/2

)/8
] |=

 1
<

<
(7

−
((rig

h
t+

le
ft)/2

) %
 8

);*/

* E
ra

s
e

 lim
its

 o
f o

b
je

c
t (v

a
lu

e
=

=
0

) */
(to

p
<

<
4

)+
(rig

h
t>

>
3

)] &
=

 ~
(1

<
<

(7
−

(rig
h

t) %
 8

)); /* b
w

im
g

[to
p

*1
2

8
/8

+
rig

h
t/8

]=
~

(1
<

<
(7

−
(rig

h
t) %

 8
)) */

b
w

im
g

[(to
p

<
<

4
)+

(le
ft>

>
3

)] &
=

 ~
(1

<
<

(7
−

(le
ft) %

 8
));  /* b

w
im

g
[to

p
*1

2
8

/8
+

le
ft/8

]=
~

(1
<

<
(7

−
(le

ft) %
 8

)) */
b

w
im

g
[(b

o
t<

<
4

)+
(rig

h
t>

>
3

)] &
=

 ~
(1

<
<

(7
−

(rig
h

t) %
 8

)); /* b
w

im
g

[b
o

t*1
2

8
/8

+
rig

h
t/8

]=
~

(1
<

<
(7

−
(rig

h
t) %

 8
)) */

b
w

im
g

[(b
o

t<
<

4
)+

(le
ft>

>
3

)] &
=

 ~
(1

<
<

(7
−

(le
ft) %

 8
));  /* b

w
im

g
[b

o
t*1

2
8

/8
+

le
ft/8

]=
~

(1
<

<
(7

−
(le

ft) %
 8

)) */
b

w
im

g
[((to

p
+

b
o

t)<
<

3
)+

((rig
h

t+
le

ft)>
>

4
)] &

=
 ~

(1
<

<
(7

−
((rig

h
t+

le
ft)>

>
1

) %
 8

)); 
/* b

w
im

g
[((to

p
+

b
o

t)/2
)*1

2
8

/8
+

((rig
h

t+
le

ft)/2
)/8

]=
~

(1
<

<
(7

−
((rig

h
t+

le
ft)>

>
1

) %
 8

)) */
}
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V
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n
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IS
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D

ra
w

B
o

rd
e

r
* S

Y
N

O
P

S
IS

*   v
o

id
 V

IS
_

D
ra

w
B

o
rd

e
r(B

Y
T

E
 *b

w
im

g
, in

t ro
w

s
, in

t c
o

ls
)

* D
E

S
C

R
IP

T
IO

N
*   D

ra
w

 b
o

rd
e

rs
 in

 a
 1

D
 a

rra
y
 fo

r L
C

D
 d

is
p

la
y

*   In
p

u
t  : a

 1
D

 B
W

 a
rra

y
, lin

e
 a

n
d

 c
o

lu
m

n
 o

f th
e

 b
o

rd
e

r.
*   O

u
tp

u
t : N

/A
* S

E
E

 A
L

S
O

*   
****/

v
o

id
 V

IS
_

D
ra

w
B

o
rd

e
r(B

Y
T

E
 *b

w
im

g
, in

t ro
w

s
, in

t c
o

ls
)

{
in

t i;

fo
r (i=

c
o

ls
; i>

=
0

; i−
−

) {                       /* fo
r (i=

0
; i<

=
c
o

ls
; i+

+
) {*/

b
w

im
g

[(ro
w

s
<

<
4

)+
(i>

>
3

)] |=
 1

<
<

(7
−

(i) %
 8

);    /* b
w

im
g

[ro
w

s
*1

2
8

/8
+

i/8
] |=

 1
<

<
(7

−
(i) %

 8
); */

}fo
r (i=

ro
w

s
−

1
; i>

=
0

; i−
−

) {                     /* fo
r (i=

0
; i<

ro
w

s
; i+

+
) {*/

b
w

im
g

[(i<
<

4
)+

(c
o

ls
>

>
3

)] |=
 1

<
<

(7
−

(c
o

ls
) %

 8
); /* b

w
im

g
[i*1

2
8

/8
+

c
o

ls
/8

] |=
 1

<
<

(7
−

(c
o

ls
) %

 8
); */

}
}/****f* L

ib
V

is
io

n
/V

IS
_

M
a

rk
O

b
je

c
t

* S
Y

N
O

P
S

IS
*   v

o
id

 V
IS

_
M

a
rk

O
b

je
c
t(im

a
g

e
 g

re
y
im

g
, in

t x
_

m
id

d
le

, in
t y

_
m

id
d

le
, in

t o
b

je
c
t_

s
iz

e
)

* D
E

S
C

R
IP

T
IO

N
*   M

a
rk

 o
b

je
c
t p

o
s
itio

n
 b

y
 d

ra
w

in
g

 a
 v

e
rtic

a
l a

n
d

 h
o

riz
o

n
ta

l w
h

ite
*   lin

e
 th

ro
u

g
h

 it. B
a

ll s
iz

e
 is

 d
is

p
la

y
e

d
 b

y
 b

la
c
k
 lin

e
s
.

*   B
irg

it G
ra

f, U
W

A
 1

9
9

8
.

****/
/* −

−
−

−
−

−
−

−
−

−
−

=
 c

o
lo

u
rs

 =
−

−
−

−
−

−
−

−
−

−
−

−
−

−
 */

#
d

e
fin

e
 B

L
A

C
K

  0
#

d
e

fin
e

 W
H

IT
E

 1
5

v
o

id
 V

IS
_

M
a

rk
O

b
je

c
t(im

a
g

e
 g

re
y
im

g
, in

t x
_

m
id

d
le

, in
t y

_
m

id
d

le
, in

t o
b

je
c
t_

s
iz

e
)

{
in

t ro
w

, c
o

lu
m

n
;

/* m
a

rk
 o

b
je

c
t p

o
s
itio

n
: W

H
IT

E
 */  

fo
r (ro

w
 =

 1
; ro

w
 <

 im
a

g
e

ro
w

s
; ro

w
 +

+
)

g
re

y
im

g
[ro

w
][y

_
m

id
d

le
] =

 W
H

IT
E

;

fo
r (c

o
lu

m
n

 =
 1

; c
o

lu
m

n
 <

 im
a

g
e

c
o

lu
m

n
s
; c

o
lu

m
n

 +
+

)
g

re
y
im

g
[x

_
m

id
d

le
][c

o
lu

m
n

] =
 W

H
IT

E
;

/* m
a

rk
 o

b
je

c
t s

iz
e

: B
L

A
C

K
 */

fo
r (ro

w
 =

 x
_

m
id

d
le

 −
 2

; ro
w

 <
 x

_
m

id
d

le
 +

 3
; ro

w
 +

+
)

{
g

re
y
im

g
[ro

w
][y

_
m

id
d

le
 −

 o
b

je
c
t_

s
iz

e
/2

] =
 B

L
A

C
K

;
g

re
y
im

g
[ro

w
][y

_
m

id
d

le
 +

 o
b

je
c
t_

s
iz

e
/2

] =
 B

L
A

C
K

;
}  

fo
r (c

o
lu

m
n

 =
 y

_
m

id
d

le
 −

 o
b

je
c
t_

s
iz

e
 / 2

 +
 1

; c
o

lu
m

n
 <

 y
_

m
id

d
le

 +
o

b
je

c
t_

s
iz

e
 / 2

; c
o

lu
m

n
 +

+
)

g
re

y
im

g
[x

_
m

id
d

le
][c

o
lu

m
n

] =
 B

L
A

C
K

;
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V
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io

n
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_

E
rro

rD
is

p
la

y
* S

Y
N

O
P

S
IS

*   v
o

id
 V

IS
_

E
rro

rD
is

p
la

y
(c

h
a

r title
[1

6
], in

t e
rro

r, c
h

a
r m

s
g

[1
6

])
* D

E
S

C
R

IP
T

IO
N

*   D
is

p
la

y
 e

rro
r m

e
s
s
a

g
e

s
.

*   In
p

u
t  : a

 b
o

x
 title

 (1
6

 c
h

a
r m

a
x
.), a

n
 e

rro
r c

o
d

e
 a

n
 e

rro
r m

e
s
s
a

g
e

 (1
6

 c
h

a
r m

a
x
.).

*   O
u

tp
u

t : N
/A

* S
E

E
 A

L
S

O
*   
****/

v
o

id
 V

IS
_

E
rro

rD
is

p
la

y
(c

h
a

r title
[1

6
], in

t e
rro

r, c
h

a
r m

s
g

[1
6

])
{

A
U

T
o

n
e

(1
1

0
, 5

0
0

);
L

C
D

C
le

a
r();

L
C

D
S

e
tP

rin
tf(0

,0
, title

);
L

C
D

S
e

tP
rin

tf(1
,0

, "−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

");
L

C
D

S
e

tP
rin

tf(2
,0

, "  E
rro

r c
o

d
e

 :");
L

C
D

S
e

tP
rin

tf(3
,0

, "      %
d

", e
rro

r);
L

C
D

S
e

tP
rin

tf(4
,0

, "   M
e

s
s
a

g
e

 :");
L

C
D

S
e

tP
rin

tf(5
,0

, m
s
g

);
L

C
D

M
e

n
u

("", "", "", "C
o

n
t");

K
E

Y
W

a
it(K

E
Y

4
);
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V
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o
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P
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g
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s
s
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N
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P
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IS
*   v

o
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_
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itS
h

o
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P
ro

g
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s
s
(c

h
a

r title
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6
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* D
E

S
C

R
IP

T
IO

N
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itia
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e
 th

e
 p

ro
g
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s
s
 s

h
o

w
 o

f a
 lo

o
p

 (c
le

a
r s

c
re

e
n

, d
is

p
la

y
 title

,...).
*   In

p
u

t  : a
 lo

o
p

 title
 (1

6
 c

h
a

r m
a

x
.).

*   O
u

tp
u

t : N
/A

* S
E

E
 A

L
S

O
*   
****/

v
o

id
 V

IS
_

In
itS

h
o

w
P

ro
g

re
s
s
(c

h
a

r title
[1

6
])

{
L

C
D

C
le

a
r();

L
C

D
S

e
tP

rin
tf(0

, 0
, title

);



in
tf(2

, 0
, "I          I\n

");
in

tf(2
,1

3
, "[ ]\n

");

b
V

is
io

n
/V

IS
_

S
h

o
w

P
ro

g
re

s
s

SV
IS

_
S

h
o

w
P

ro
g

re
s
s
(in

t a
c
tu

a
l, in

t m
a

x
)

T
IO

N
a

y
s
 th

e
 p

ro
g

re
s
s
 o

f a
 lo

o
p

.
 : th

e
 n

u
m

b
e

r o
f th

e
 a

c
tu

a
l lo

o
p

 a
n

d
 th

e
 to

ta
l n

u
m

b
e

r o
f lo

o
p

s
.

t : N
/A

Oh
o

w
P

ro
g

re
s
s
(in

t a
c
tu

a
l, in

t m
a

x
)

;a
tio

n
[]=

{’|’, ’/’, ’−
’, ’\\’};

a
l=

=
0

) {
P

rin
tf(4

,0
, "  P

le
a

s
e

 W
a

it");

) (a
c
tu

a
l/(m

a
x
/1

0
))+

1
;

1
0

) { c
o

l=
1

0
;}

a
r(2

,c
o

l, ’.’);
a

r(2
,1

4
, ro

ta
tio

n
[a

c
tu

a
l %

 4
]);

b
V

is
io

n
/V

IS
_

S
h

o
w

O
ffs

e
t

SV
IS

_
S

h
o

w
O

ffs
e

t()
T

IO
N

a
y
s
 th

e
 a

c
tu

a
l o

ffs
e

t o
f th

e
 c

a
m

e
ra

.
a

’ a
s
 a

 B
Y

T
E

 b
e

tw
e

e
n

 0
 a

n
d

 2
5

5
, ’b

e
ta

’ a
s
 a

 flo
a

t in
 d

e
g

re
s
.

Oh
o

w
O

ffs
e

t(in
t a

lp
h

a
_

o
ffs

e
t, flo

a
t b

e
ta

_
o

ffs
e

t)

();
in

tf(0
,0

, "* O
ffs

e
t c

a
l. *");

in
tf(1

,0
, "−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

");
in

tf(3
,0

, "  A
lp

h
a

: %
d

 ", a
lp

h
a

_
o

ffs
e

t);
in

tf(4
,0

, " B
e

ta
 : %

1
.3

f d
", ra

d
2

d
e

g
(b

e
ta

_
o

ffs
e

t));

**************************************************************************************************/
fu

n
c
tio

n
s
                                                                                        */

**************************************************************************************************/
b

V
is

io
n

/V
IS

_
In

itC
a

m
SIS

_
In

itC
a

m
(in

t m
o

d
e

)

T
IO

N
a

lis
a

tio
n

 o
f th

e
 c

a
m

e
ra

. 1
0

 re
trie

s
.

 : m
o

d
e

 o
f th

e
 c

a
m

e
ra

.
t : c

a
m

v
e

rs
io

n
 o

r IN
IT

E
R

R
O

R
.

OitC
a

m
(in

t c
a

m
m

o
d

e
)

v
e

rs
io

n
=

0
;

b
e

r=
0

;
a

tio
n

[]=
{’|’, ’/’, ’−

’, ’\\’};

();
in

tf(0
,0

, "  C
a

m
e

ra
 In

it.");
in

tf(1
,0

, "  −
−

−
−

−
−

−
−

−
−

−
−

");
in

tf(3
,6

, "[ ]");

fo
r c

a
m

e
ra

 in
itia

lis
a

tio
n

, g
e

t c
a

m
e

ra
 ty

p
e

 */
IN

IT
E

R
R

O
R

=
=

(c
a

m
v
e

rs
io

n
=

C
A

M
In

it(N
O

R
M

A
L

))) &
&

 (n
u

m
b

e
r<

=
1

0
) &

&
 (N

O
C

A
M

!=
c
a

m
v
e

rs
io

n
)){

(C
A

M
W

A
IT

);
C

h
a

r(3
,7

, ro
ta

tio
n

[(n
u

m
b

e
r+

+
)%

4
]);

n
itia

lis
a

tio
n

 a
fte

r 1
0

 tim
e

s
 o

r n
o

 c
a

m
e

ra
 c

o
n

n
e

c
te

d
 */

T
E

R
R

O
R

=
=

c
a

m
v
e

rs
io

n
) || (N

O
C

A
M

=
=

c
a

m
v
e

rs
io

n
)) { re

tu
rn

 c
a

m
v
e

rs
io

n
;}

a
 in

itia
lis

e
d

, re
tu

rn
 v

e
rs

io
n

 */
c
a

m
m

o
d

e
);

;a
m

v
e

rs
io

n
;

b
V

is
io

n
/V

IS
_

A
u

to
b

rig
h

tn
e

s
s
D

e
la

y
SV

IS
_

A
u

to
b

rig
h

tn
e

s
s
D

e
la

y
(in

t n
u

m
b

e
r)

T
IO

N
im

e
 to

 c
a

m
e

ra
 fo

r a
u

to
b

rig
h

tn
e

s
s
.

 : n
u

m
b

e
r o

f w
a

its
.

t : N
/A

Ou
to

b
rig

h
tn

e
s
s
D

e
la

y
(in

t n
u

m
b

e
r)

K
e

y
=

0
;

P
ic

;

a
lis

e
 s

h
o

w
 p

ro
g

re
s
s
 d

is
p

la
y
 */

S
h

o
w

P
ro

g
re

s
s
("*A

u
to

b
rig

h
tn

e
s
s
*\n

");
"N

o
", " ", " ", "Y

e
s
");

/* W
a

it fo
r Y

e
s
 o

r N
o

 */
K

E
Y

G
e

tB
u

f(&
K

e
y
);

w
h

ile
 (K

e
y
!=

K
E

Y
1

 &
&

 K
e

y
!=

K
E

Y
4

) {
K

E
Y

G
e

tB
u

f(&
K

e
y
);

}A
U

B
e

e
p

();

/* W
a

it lo
o

p
... */

if (K
e

y
=

=
K

E
Y

4
) {

in
t i;

L
C

D
M

e
n

u
(" ", " ", " ", " ");

fo
r (i=

0
; i<

n
u

m
b

e
r; i+

+
) {

/* W
a

it : i.e
. ta

k
e

 a
 p

ic
tu

re
 */

C
A

M
G

e
tC

o
lF

ra
m

e
 (&

P
ic

, 0
);

/* S
till a

liv
e

 d
is

p
la

y
 */

V
IS

_
S

h
o

w
P

ro
g

re
s
s
(i, n

u
m

b
e

r);
}

}
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n
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IS
_

T
e

a
m

R
o

b
o

t
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Y
N

O
P

S
IS

*   in
t V

IS
_

T
e

a
m

R
o

b
o

t(v
o

id
)

* D
E

S
C

R
IP

T
IO

N
*   R

e
tu

rn
s
 a

 ro
b

o
t te

a
m

 a
n

d
 ID

.
*   T

e
a

m
 is

 0
 fo

r E
y
e

c
a

m
 a

n
d

 1
 fo

r Q
u

ic
k
a

m
, ID

 is
 b

e
tw

e
e

n
 1

 a
n

d
 5

.
*   A

s
k
s
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