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Guiagem do Robô M¶ovel XR4000 via Internet iii

3 .4 .1 M¶o d u lo s P r in c ip a is d o S i s t e m a . . . . . . . . . . . . . . . . . . 4 0

3 .4 .2 A In t e r fa c e c o m o U s u ¶a r i o . . . . . . . . . . . . . . . . . . . . . 4 1

3 .5 O S is t e m a Xfuzzy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3

3 .5 .1 D e ¯ n i»c ~a o d o S is t e m a F uzzy . . . . . . . . . . . . . . . . . . . . . 4 4

3 .5 .2 A n ¶a lis e d o S i s t e m a F uzzy . . . . . . . . . . . . . . . . . . . . . . 4 6

3 .5 .3 Ge r a »c ~a o d e C¶o d ig o e m L in g u a g e m C . . . . . . . . . . . . . . . 4 7

4 Resultados Obtidos 48

4 .1 S e r vid o r e s L o c a liz a d o s n o R o b ^o . . . . . . . . . . . . . . . . . . . . . . 4 8

4 .1 .1 S e r vid o r d e Co n t r o le d o P an-Tilt . . . . . . . . . . . . . . . . . 4 8

4 .1 .2 S e r vid o r d e Im a g e n s . . . . . . . . . . . . . . . . . . . . . . . . 5 0

4 .1 .3 S e r vid o r d e Co n t r o le d e Mo vim e n t o s . . . . . . . . . . . . . . . 5 5

4 .1 .4 S e r vid o r d e D a d o s S e n s o r ia is . . . . . . . . . . . . . . . . . . . . 5 6

4 .1 .5 S e r vid o r d e P a r a d a . . . . . . . . . . . . . . . . . . . . . . . . . 5 7

4 .2 A In t e r fa c e via In t e r n e t . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 7

4 .2 .1 Applet d e Co n t r o le d o P an-Tilt . . . . . . . . . . . . . . . . . . 5 8

4 .2 .2 Applet d e Co n t r o le d e Mo vim e n t o s . . . . . . . . . . . . . . . . 5 9
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Resumo

A t e c n o l o g ia d e t e le o p e r a »c ~a o r e la c io n a a s t ¶e c n ic a s d e t e le c o m u n ic a »c ~o e s c o m o

c o n t r o l e r e m o t o d e a p a r e l h o s . O c r e s c im e n t o d o u s o d a In t e r n e t m o s t r a qu e e s t a

t e c n o l o g i a p o d e s e r u s a d a p a r a e s t a b e l e c e r s i s t e m a s d e t e l e o p e r a »c ~a o e n t r e m ¶a qu in a s

e d i s p o s i t ivo s , t a i s c o m o r o b ^o s d e s o ld a g e m o u r o b ^o s m ¶o ve is . E s t e p r o je t o t e m c o m o

o b je t ivo o c o n t r o le d e u m r o b ^o m ¶o ve l a t r a v¶e s d a In t e r n e t p a r a a in s p e »c ~a o r e m o t a d e

t u b u la »c ~o e s s o ld a d a s . O s is t e m a s e r ¶a u s a d o p e lo u s u ¶a r io a t r a v¶e s d a i n t e r fa c e W W W ,

c o m o u s o d e u m \ a p p l e t " Ja va qu e m o s t r a im a g e n s d o lo c a l r e m o t o a s s i m c o m o

in fo r m a »c ~o e s s e n s o r i a is . O u s u ¶a r io , a t r a v¶e s d e u m \ jo ys t i c k" vir t u a l, s e r ¶a c a p a z d e

c o n t r o l a r o r o b ^o e m o n it o r a r a qu a lid a d e d a s o l d a . E s t e s is t e m a p o d e c a u s a r u m a

g r a n d e r e d u »c ~a o n o s c u s t o s d e in s p e »c ~a o a lo c a is d is t a n t e s . O p r o je t o ¶e o r g a n i z a d o n o s

s e g u in t e s t ¶o p i c o s : p e s qu is a b i b lio g r ¶a ¯ c a , d e s e n vo lvim e n t o d a a r qu it e t u r a d o s i s t e m a ,

im p l e m e n t a »c ~a o , t e s t e s e o t im iz a »c ~a o d o m e s m o .
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Abstr act

Th e t e l e o p e r a t i o n t e c h n o lo g y r e la t e s t h e t e l e c o m u n i c a t io n m e t h o d s wit h t h e c o n -

t r o l o f r e m o t e d e vic e s . Th e g r o wt h o f In t e r n e t u s e s h o ws t h a t t h is t e c h n o lo g y c a n b e

u s e d t o s t a b lis h t e le o p e r a t io n a m o n g m a c h i n e s a n d d e vic e s , s u c h a s r o b o t s fo r we ld in g

o r m o b ile o n e s . Th is p r o je c t a i m s t o c o n t r o l a m o b ile r o b o t t h r o u g h t h e In t e r n e t fo r

r e m o t e ly in s p e c t i n g we ld e d p i p e s . Th e s ys t e m will b e u s e d b y a n o p e r a t o r i n a c o m m o n

W W W i n t e r fa c e , t h r o u g h a Ja va a p p l e t t h a t s h o ws im a g e s fr o m t h e r e m o t e s it e a s we ll

a s s e n s o r ia l in fo r m a t io n . Th e u s e r , t h r o u g h a vir t u a l jo ys t ic k, will b e a b le t o c o n t r o l

t h e r o b o t a n d m o n it o r t h e we ld qu a lit y. Th is s ys t e m c a n c a u s e a s u b s t a n t i a l r e d u c t io n

in c o s t s o f in s p e c t io n o n lo n g d is t a n c e s it e s . Th e p r o je c t i s o r g a n iz e d i n t h e fo llo win g

s t e p s : b ib lio g r a p h ic a l r e s e a r c h , d e ve lo p m e n t o f a s ys t e m a r c h it e t u r e , im p le m e n t a t io n

a n d ¯ n a lly e va lu a t io n a n d o p t im i z a t io n o f t h e s ys t e m .
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Gloss¶ar io
A b r e via t u r a s e A c r o g r a m a s a d o t a d o s n o t e xt o

Sigla Signi¯cado (Ingl̂es) Signi¯cado (P ortuguês)

A P I A p p lic a t io n P r o g r a m m in g In t e r fa c e d e p r o g r a m a »c ~a o

In t e r fa c e d e a p lic a t ivo s

CGI Co m m o n Ga t e wa y In t e r fa c e

CP U Ce n t r a l P r o c e s s in g U n it U n id a d e c e n t r a l d e p r o c e s s a m e n t o

D S P D ig it a l S i g n a l P r o c e s s in g P r o c e s s a m e n t o d ig i t a l d e s i n a i s

GU I Gr a p h i c a l U s e r In t e r fa c e In t e r fa c e g r ¶a ¯ c a p a r a u s u ¶a r i o

H TML H ip e r Te xt Ma r ku p L in g u a g e m d e h i p e r t e xt o s

L a n g u a g e

IP In t e r n e t P r o t o c o l P r o t o c o l o In t e r n e t

IR In fr a r e d In fr a ve r m e lh o

IS O In t e r n a t i o n a l Or g a n iz a t i o n Or g a n i z a »c ~a o In t e r n a c i o n a l

fo r S t a n d a r d iz a t i o n d e P a d r o n iz a »c ~a o

JV M Ja va V ir t u a l Ma c h in e M¶a qu in a vir t u a l Ja va

MIME Mu lt ip u r p o s e In t e r n e t Ma il E xt e n s ~o e s m u lt ip r o p ¶o s it o p a r a

E xt e n s i o n s c o r r e io n a In t e r n e t

N TS C N a t io n a l Te le vis io n S t a n d a r d s Co m i t ^e n a c io n a l d e p a d r ~o e s

Co m m i t t e e d e t e le vis ~a o

OS I Op e n S ys t e m In t e r c o n n e c t In t e r c o n e x~a o d e s i s t e m a s a b e r t o s

P CI P e r ip h e r a l Co m p o n e n t In t e r c o n e x~a o d e c o m p o n e n t e s

In t e r c o n n e c t p e r if¶e r ic o s

TCP Tr a n s m i s s i o n Co n t r o l P r o t o c o l o d e t r a n s m is s ~a o d e

P r o t o c o l c o n t r o le

TIG Tu n g s t e n In e r t Ga s S o ld a g e m p o r a r a m e d e

t u n g s t ^ e n i o

U D P U s e r D a t a g r a m P r o t o c o l P r o t o c o l o d e d a t a g r a m a s d e

u s u ¶a r io

W W W W o r ld W i d e W e b R e d e m u n d ia l d e c o m p u t a d o r e s
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Cap¶³tulo 1

I ntr odu»c~ao

1.1 E stado T ecnol¶ogico

A e xis t ^e n c i a d e a m b ie n t e s in s a lu b r e s o u i m p r ¶o p r io s µa a »c ~a o h u m a n a , c o m o c e n t r a is

n u c le a r e s , le vo u a o d e s e n vo lvim e n t o d e s is t e m a s r e m o t o s d e o p e r a »c ~a o . E n t r e e s s e s

s i s t e m a s e n c o n t r a -s e g r a n d e a p lic a »c ~a o n a s o ld a g e m r e m o t a [1 ], o n d e t o c h a s TIG s ~a o

u t iliz a d a s p a r a a s o l d a g e m d e t u b u l a »c ~o e s e m a m b i e n t e s r a d i o a t ivo s . Co m u m a o u t r a

a b o r d a g e m t e c n o l¶o g ic a , a u t iliz a »c ~a o d e r o b ^o s m ¶o ve is p a r a vis u a liz a »c ~a o e m o n i t o r a m e n t o

d e a m b ie n t e s p e r ig o s o s t a m b ¶e m a l c a n »c a g r a n d e d e s e n vo lvim e n t o [2 ], c o m o m o s t r a a

¯ g u r a 1 . 1 . R e c e n t e m e n t e , p e s qu is a d o r e s [3 ] e s t u d a m o c o n t r o le d e r o b ^o s m ¶o ve is a t r a v¶ e s

d a u t iliz a »c ~a o d a In t e r n e t c o m o ve ¶ ³c u lo d e t r a n s m is s ~a o d e d a d o s , c o m ¯ n s d e p e s qu is a

a c a d ^ e m ic a .

Fig u r a 1 . 1 : O r o b ^o d e in s p e »c ~a o A R IE S .

4
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1.2 P r oposta de T r abalho

O o b je t ivo d e s t e p r o je t o ¶ e o d e s e n vo lvim e n t o d e u m s is t e m a d e g u i a g e m p a r a o

r o b ^o X R 4 0 0 0 p o r m e io d e t e le o p e r a »c ~a o a t r a v¶ e s d a In t e r n e t , vo lt a d o p a r a a in s p e »c ~a o d e

t u b u la »c ~o e s s o ld a d a s .

O d e s e n vo lvim e n t o d o p r o je t o s e r ¶a b a s e a d o n a a r qu it e t u r a c lie n t e -s e r vid o r a p lic a -

d a µa t e c n o lo g ia d e t e l e o p e r a »c ~a o via In t e r n e t . O r o b ^o , p r o g r a m a d o a t r a v¶e s d a lin g u a g e m

C, s e r ¶a c o m a n d a d o r e m o t a m e n t e p e lo u s u ¶a r i o a t r a v¶e s d e u m a in t e r fa c e g r ¶a ¯ c a b a s e a d a

n a lin g u a g e m d e p r o g r a m a »c ~a o Ja va s o b o a m b i e n t e W W W .

O c a p ¶ ³ t u l o 2 a p r e s e n t a r ¶a u m a r e vis ~a o b i b lio g r ¶a ¯ c a s o b r e a t e c n o lo g ia d e t e l e -

o p e r a »c ~a o , r o b ¶o t i c a m ¶o ve l e c o m u n ic a »c ~a o d e d a d o s . A s e g u ir , n o c a p ¶ ³t u l o 3 , s e r ~a o

a p r e s e n t a d o s o s r e qu is i t o s d e p r o je t o , a a r qu it e t u r a p r o p o s t a p a r a o s i s t e m a , a l¶e m

d a i n t e r fa c e d e p r o g r a m a »c ~a o d o r o b ^o X R 4 0 0 0 e a s p e c t o s t e c n o l ¶o g i c o s d e t e le o p e r a »c ~a o

via In t e r n e t . O c a p ¶ ³t u lo 4 a p r e s e n t a o s r e s u l t a d o s o b t i d o s n o p r o je t o a t ¶ e o m o m e n t o .

Co n c l u s ~o e s s o b r e o d e s e n vo lvim e n t o d o p r o je t o s ~a o a p r e s e n t a d a s n o c a p ¶ ³ t u l o 5 .



Cap¶³tulo 2

Revis~ao B ibliogr ¶a¯ca

N e s t e c a p ¶ ³t u l o s e r ~a o a b o r d a d o s t ¶o p ic o s s o b r e t e le o p e r a »c ~a o , r o b ¶o t ic a m ¶o ve l e c o -

m u n i c a »c ~a o d e d a d o s via In t e r n e t .

2.1 T eleoper a»c~ao

A t e le o p e r a »c ~a o ¶e d e ¯ n id a c o m o o c o n t r o le c o n t ¶ ³ n u o e d ir e t o d e u m t e le o p e r a d o r

( m ¶a qu in a r e m o t a ) . In ic i a lm e n t e d e s e n vo lvid a p a r a a m a n ip u la »c ~a o d e m a t e r i a i s r a d io a -

t ivo s , a t e le o p e r a »c ~a o p e r m i t e qu e u m o p e r a d o r e xe r »c a fo r »c a e r e a liz e m o vim e n t o s s o b r e

u m a m ¶a qu in a r e m o t a , e a in d a r e c e b a r e a lim e n t a »c ~a o s e n s o r i a l, g e r a l m e n t e a t r a v¶e s d e

d a d o s vis u a is , s o n o r o s o u t ¶a t e i s . Co m a i n t r o d u »c ~a o d a t e c n o l o g i a d e t e le o p e r a »c ~a o , fo i

p o s s ¶ ³ve l o d e s e n vo lvim e n t o d e in t e r fa c e s c a p a z e s d e p r o ve r u m a i n t e r a »c ~a o s a t is fa t ¶o r ia

e n t r e h o m e m e m ¶a qu in a , p e r m i t i n d o qu e s e r vi»c o s d e g r a n d e d e s t r e z a fo s s e m r e a liz a d o s .

U m g r a n d e n ¶u m e r o d e e s qu e m a s d e c la s s ī c a »c ~a o p a r a d e s c r e ve r a t e le o p e r a »c ~a o

fo r a m p r o p o s t o s . U m d e s s e s c a t e g o r iz a o s s is t e m a s d e t e l e o p e r a »c ~a o t o m a n d o c o m o b a s e

o g r a u d e a u t o m a »c ~a o d o s i s t e m a . E m u m e s p e c t r o va r i a n d o d a m ¶ ³ n im a p a r a a m ¶a xim a

a u t o n o m ia , a t e l e o p e r a »c ~a o p o d e s e r c la s s i ¯ c a d a c o m o [ 4 ]:

² c o n t r o l e m a n u a l s e m a u x¶ ³lio c o m p u t a c i o n a l;

² c o n t r o l e m a n u a l c o m s i g n i ¯ c a t ivo a u x¶ ³lio o u t r a n s fo r m a »c ~a o c o m p u t a c io n a l;

² c o n t r o l e s u p e r vis ¶o r i o c o m p r e d o m ¶ ³n i o d o c o n t r o le r e a liz a d o p e lo o p e r a d o r h u -

m a n o ;

² c o n t r o l e s u p e r vis ¶o r io c o m p r e d o m ¶ ³ n io d o c o n t r o l e r e a liz a d o p e l o c o m p u t a d o r ;

² c o n t r o l e c o m p le t a m e n t e a u t o m ¶a t i c o , o n d e o s o p e r a d o r e s h u m a n o s o b s e r va m o

p r o c e s s o s e m i n t e r ve n »c ~o e s .

6
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A t e l e o p e r a »c ~a o r e qu e r a s in e r g ia e n t r e h o m e m e m ¶a qu in a . D ive r s o s m o d e l o s

r e la c io n a m e s t a in t e r fa c e , s e n d o o s s e g u i n t e s o s t ip o s p r i n c i p a i s [5 ]:

² Mo d e lo Me s t r e -E s c r a vo

E s t e m o d e lo d e s c r e ve o m a is t r a d ic i o n a l s i s t e m a d e t e le o p e r a »c ~a o . N e s t e c a s o , o

o p e r a d o r h u m a n o o b s e r va o a m b i e n t e d e t r a b a lh o r e m o t o a t r a v¶e s d e u m s is t e m a

d e v¶ ³d e o e m a n ip u la o b r a »c o r o b ¶o t ic o m e s t r e p o r m e io d e u m \ c o n s o l e " , qu e

c o n t r o l a o b r a »c o e s c r a vo n o lo c a l r e m o t o . A e s t r u t u r a m e s t r e -e s c r a vo p r o v̂e u m a

in t e r fa c e i n t u i t iva p a r a o c o n t r o l e r e m o t o d e s i s t e m a s . E m b o r a e s s e m o d e l o e s t e ja

m u it o e vo lu ¶ ³d o , c o m o u s o d e v¶ ³d e o s e s t ¶e r e i s e r e a lim e n t a »c ~a o d e fo r »c a , a m a i o r

d e s va n t a g e m d e s s e s is t e m a ¶e a s u a fa l t a d e d e s t r e z a e o c a n s a »c o f¶ ³s ic o qu e im p ~o e

a o o p e r a d o r .

² Mo d e lo d e Te le p r e s e n »c a

E m u m e s fo r »c o d e a l c a n »c a r u m a a l t a ¯ d e lid a d e n o s c a n a i s d e c o m u n ic a »c ~a o e n t r e o

m e s t r e e e s c r a vo d o m o d e lo a n t e r i o r , fo r a m d e s e n vo lvid o s s i s t e m a s a n t r o p o m ¶o r ¯ c o s

p a r a t e le o p e r a »c ~a o , d e fo r m a a o fe r e c e r u m a m e lh o r fo r m a d e t r a n s m i s s ~a o d a s c a -

p a c id a d e s h u m a n a s d e s o l u »c ~a o d e p r o b le m a s e d e m a n i p u la »c ~a o e m a m b ie n t e s

h o s t i s . Co m a m e t a d e p r o ve r u m s i s t e m a t r a n s p a r e n t e d e i n t e r fa c e h o m e m -

m ¶a qu in a , o s s is t e m a s d e t e le p r e s e n »c a u t iliz a m -s e d e \ d is p la ys " m o n t a d o s n a

c a b e »c a , s e n s o r e s d e m o vim e n t o m o n t a d o s n o c o r p o d o o p e r a d o r , r e a lim e n t a »c ~a o

d e fo r »c a , e n t r e o u t r a s t e c n o l o g i a s . A m e t a ¯ n a l d e s s e s s i s t e m a s ¶e fa z e r o o p e -

r a d o r s e n t i r -s e p r e s e n t e n o l o c a l d e t r a b a lh o r e m o t o , o b t e n d o -s e a s s im m e lh o r e s

c o n d i»c ~o e s d e r e a liz a »c ~a o d e t a r e fa s . O c u s t o t ¶ e c n ic o d a i m p le m e n t a »c ~a o d e t a is

s i s t e m a s , e n t r e t a n t o , n ~a o ¶ e ju s t ī c a d o . O c a n s a »c o p r o vo c a d o a o o p e r a d o r d e vid o

a o vo lu m e e p e s o d o e qu ip a m e n t o , e a in d a a fa l t a d e n e c e s s id a d e d e u m s is t e m a

d e t e le p r e s e n »c a , r e d u z e m o u s o d e s s e m o d e l o p r in c i p a l m e n t e µa p e s qu is a e n ~a o

p a r a u t iliz a »c ~o e s p r ¶a t i c a s .

² Mo d e lo P r o fe s s o r -A lu n o

D a d o qu e o a p r e n d iz a d o d e s i s t e m a s c o m p u t a c io n a is ¶ e u m a d a s ¶a r e a s m a is d if¶ ³c e is

n a in t e lig ^e n c i a a r t i ¯ c ia l, o m o d e l o p r o fe s s o r -a lu n o d e ¯ n e c o m o fu n »c ~a o d e p r o fe s s o r

a o o p e r a d o r h u m a n o , e a s s u m e qu e o \ a lu n o " r o b ^o p o s s u i in t e lig ^e n c i a s u ¯ c i e n t e

p a r a r e c o n h e c e r e a t u a r e m u m a s i t u a »c ~a o j¶a a p r e n d i d a . E m b o r a e s s a s t e c n o l o g i a s

a i n d a d e va m s e r d e s e n vo lvid a s e i n t e g r a d a s p a r a r e a liz a r e s s e m o d e lo , a s va n t a -

g e n s p o t e n c i a i s o fe r e c id a s p o r e s t e c o n c e it o , e m t e r m o s d e c o n fo r t o e e fe t ivid a d e ,

s ~a o s u b s t a n c i a i s .
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² Mo d e lo S u p e r vis o r -Co m p a n h e i r o

D e a c o r d o c o m e s s e m o d e l o , u m r o b ^o b a s e a d o e m s e n s o r e s n ~a o d e ve s i m p le s m e n t e

r e p e t i r o s m o vim e n t o s d o o p e r a d o r h u m a n o , c o m o n o m o d e lo m e s t r e -e s c r a vo .

N e s t e c a s o , o o p e r a d o r h u m a n o s e r ve c o m o u m s u p e r vis o r , a o in v¶e s d e p r o je t a r -s e

n o a m b i e n t e r e m o t o . Co m a c o m p a n h ia d o o p e r a d o r h u m a n o , o s i s t e m a r o b ¶o t i c o

in c o r p o r a c a p a c id a d e s c o m p u t a c io n a i s , c o m o p r e c is ~a o e c a p a c id a d e s s e n s o r i a i s ,

p a r a a r e a liz a »c ~a o d a s t a r e fa s . A c o m u n i c a »c ~a o h o m e m -r o b ^o p o d e s e r fa c ilit a d a c o m

o u s o d e g r ¶a ¯ c o s i n t e r a t ivo s , c o n t r o l e c o m v¶a r i o s g r a u s d e lib e r d a d e , e in t e r fa c e s

h ¶ ³ b r i d a s .

U m a ve z e s t a b e l e c i d a e e fe t iva d a a c o m u n ic a »c ~a o e n t r e h o m e m e m ¶a qu in a , d e ve -s e

o b s e r va r a r e la »c ~a o e n t r e a m ¶a qu in a r e m o t a e s e u a m b ie n t e . D e s s a fo r m a , s ~a o p r o p o s t o s

e s qu e m a s d e c la s s i ¯ c a »c ~a o d e m o d e lo s d e a m b ie n t e s :

² A m b ie n t e R e m o t o To t a l m e n t e Mo d e l a d o

N e s t a c a t e g o r i a , o s o b je t o s s e n d o m a n ip u la d o s , o a m b i e n t e e o s p r o c e d i m e n t o s

o p e r a c i o n a i s s ~a o r e p e t it ivo s o u va r ia n t e s , m a s p r e vis ¶ ³ve is . N o p r i m e i r o c a s o , u m

r o b ^o p r o g r a m ¶a ve l p o d e r e a liz a r s u a s t a r e fa s c o m m ¶ ³n im a in t e r ve n »c ~a o h u m a n a .

N o ¶u lt im o , u m o p e r a d o r h u m a n o e s c o lh e e s t r a t ¶ e g i a s d e a »c ~a o p r ¶ e -p r o g r a m a d a s ,

c o n s i d e r a d a s c o m o u m a lin g u a g e m d e p r o g r a m a »c ~a o d o s is t e m a .

² A m b ie n t e R e m o t o P a r c i a lm e n t e Mo d e la d o

N e s t a c a t e g o r ia in c lu e m -s e o p e r a »c ~o e s e m a m b i e n t e s \ h u m a n o s " , c o m o p la t a fo r -

m a s e s p a c ia is o u p la n t a s in d u s t r ia is , o n d e t o d o s o s p o t e n c i a is p r o c e d i m e n t o s

o p e r a c i o n a i s d a s t a r e fa s n ~a o p o d e m s e r a n t e c i p a d o s e m s u ¯ c ie n t e s d e t a l h e s p a r a

u m a p r ¶ e -p r o g r a m a »c ~a o e fe t iva . N e s s e s c a s o s , e n t r e t a n t o , ¶ e p o s s ¶ ³ve l a lg u m c o n h e -

c i m e n t o g e o m ¶e t r i c o d o a m b i e n t e , p o d e n d o s e r m o d e la d o a priori, m e s m o qu e a s

r e la »c ~o e s e s p a c ia is e n t r e o l o c a l e s e u s o b je t o s n ~a o s e ja m c o n h e c id a s e xa t a m e n t e .

² A m b ie n t e R e m o t o D e s c o n h e c i d o

E s t a c a t e g o r ia d ife r e d a a n t e r io r p e lo fa t o d e qu e p o u c a o u n e n h u m a i n fo r m a »c ~a o

s o b r e o a m b i e n t e e s e u s o b je t o s ¶ e c o n h e c i d a a priori. E xe m p l o s d e s s e t ip o s ~a o

o s d e r o b ¶o t i c a s u b m a r in a , m i n e r a »c ~a o , lim p e z a d e r e s ¶ ³d u o s n u c le a r e s e r o b ¶o t i c a

m ilit a r .
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2.2 Rob¶otica M ¶ovel

2.2.1 O Robô M ¶ovel N omad XR4000

O r o b ^o m ¶o ve l X R 4 0 0 0 ( ¯ g u r a 2 . 1 ) , p r o d u z id o p e la N o m a d i c Te c h n o lo g i e s [6 ], ¶e

u m s i s t e m a a va n »c a d o d e r o b ¶o t ic a m ¶o ve l, c o m p r e e n d e n d o s is t e m a s d e c o n t r o l e , s e n s o r e s ,

c o m u n ic a »c ~a o e p r o g r a m a »c ~a o n e c e s s ¶a r io s p a r a p e s qu is a s e d e s e n vo lvim e n t o s n a ¶a r e a d e

m a n ip u la »c ~a o r o b ¶o t i c a , vis ~a o c o m p u t a c i o n a l, n a ve g a »c ~a o p o r s e n s o r e s e a p r e n d i z a d o .

S u a s e s p e c i ¯ c a »c ~o e s f¶ ³ s ic a s s ~a o lis t a d a s a s e g u i r :

² D i m e n s ~o e s : 6 2 0 m m ( d îa m e t r o ) £ 8 5 0 m m ( a lt u r a ) ;

² P e s o : 1 5 0 K g ( c o m b a t e r ia s ) ;

² M¶a xim a a c e l e r a »c ~a o t r a n s la c io n a l: 5 m=s2;

² M¶a xim a a c e l e r a »c ~a o r o t a c io n a l: 2 rad=s2;

² N ¶u m e r o d e r o d a s : 4 ;

² Ca p a c id a d e d a s b a t e r ia s : 1 5 7 5 W:h;

² CP U : a t ¶ e 3 P e n t i u m o u P e n t iu m P r o ;

Fig u r a 2 .1 : O r o b ^o m ¶o ve l N o m a d X R 4 0 0 0 .

N a s s e »c ~o e s s e g u in t e s s e r ~a o e s p e c i ¯ c a d o s o s s u b s is t e m a s c o m p o n e n t e s d o r o b ^o

X R 4 0 0 0 [ 7 ].

Subsistema M otor

O s is t e m a m o t o r d o r o b ^o X R 4 0 0 0 b a s e i a -s e n u m s i s t e m a h o lo n ^o m ic o , p r o ve n d o

t r ^ e s g r a u s d e lib e r d a d e ( X , Y e µ ) , c o m b a ixa c o m p l e xid a d e m e c ^a n ic a e b o a c o n ¯ a b ili-

d a d e . S u a s r o d a s p o s s u e m e ixo s d e t r a n s l a »c ~a o e r o t a »c ~a o i n d e p e n d e n t e s , s o m a n d o o i t o
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m o t o r e s p a r a a s qu a t r o r o d a s d o s i s t e m a . O c o n t r o le ¶ e r e a liz a d o p o r t r ^ e s D S P ( D ig it a l

S ig n a l P r o c e s s in g ) e u m m ic r o c o n t r o l a d o r d e d ic a d o , p a r a o c o n t r o l e d o s o it o e ixo s e

p a r a c ¶a lc u lo d a s u a p o s i»c ~a o e s t im a d a ( \ d e a d r e c ko n i n g " ) .

Subsistema Sensor ial

O r o b ^o m ¶o ve l X R 4 0 0 0 p o s s u i, c o m o p a d r ~a o , t r ^e s t ip o s d e s e n s o r e s : s e n s o r e s t ¶a t e i s ,

s e n s o r e s p o r u lt r a s o m o u s o n a r , e s e n s o r e s p o r in fr a ve r m e lh o . A s e g u ir s e r ¶a d e s c r it o o

fu n c io n a m e n t o d e c a d a u m d o s s e n s o r e s .

1 . S e n s o r e s T¶a t e is

Ta m b ¶e m d e n o m in a d o s d e s e n s o r e s d e c o lis ~a o , s ~a o s e n s o r e s qu e r e t o r n a m in fo r -

m a »c ~o e s s o b r e c o n t a t o f¶ ³ s i c o c o m o b je t o s n o a m b ie n t e . E m b o r a s e ja d e s e j¶a ve l qu e

o s s e n s o r e s d e p r o xim id a d e ( s o n a r e in fr a ve r m e lh o ) s i n t a m e p r e vin a m o c o n t a t o

c o m o b s t ¶a c u lo s , is s o n ~a o ¶e g a r a n t id o . Os s e n s o r e s d e c o lis ~a o d o N o m a d X R 4 0 0 0 ,

s i s t e m a Sensus 150, p o s s u e m d o i s n ¶ ³ve is d e s e n s ib ilid a d e , p a r a c o n t a t o s fr a c o s e

fo r t e s .

2 . S o n a r e s

O s is t e m a Sensus 250 c o n s i s t e e m d o is a n ¶ e is c o n t e n d o 2 4 s o n a r e s , p r o ve n d o

in fo r m a »c ~o e s s o b r e a d i s t ^a n c i a d e o b je t o s \ d is t a n t e s " ( d e 1 5 0 a 7 0 0 0 m m ) . E s s a

in fo r m a »c ~a o ¶e c a l c u l a d a a t r a v¶e s d o c o n h e c i m e n t o d a ve lo c id a d e d o s o m e d o t e m p o

d e via g e m d o p u ls o e m i t i d o e r e ° e t i d o . Ma t e m a t ic a m e n t e :

dobjeto = vsom:
tviagem

2

O s o n a r b a s e ia -s e n o e m is s o r u l t r a s ^o n ic o P olaroid 6500, qu e e m it e 1 6 c ic lo s d e

o n d a qu a d r a d a d e 4 9 :4 kHz a t r a v¶e s d e u m t r a n s d u t o r e l e t r o s t ¶a t ic o , qu e t a m b ¶e m

fu n c io n a c o m o r e c e p t o r a p ¶o s o d i s p a r o d o p u l s o . Co m o p o d e s e r vis t o n a ¯ g u r a

2 . 2 , o t r a n s d u t o r n ~a o e m it e e n e r g i a u n ifo r m e m e n t e e m t o d a s a s d ir e »c ~o e s , s e n d o

m a io r n a d ir e »c ~a o n o r m a l a o s e n s o r .

D e vid o a c a r a c t e r ¶ ³ s t ic a s d o c ir c u i t o e l e t r ^o n ic o u t iliz a d o n o s e n s o r , t r ^ e s e r r o s d e

m e d i d a p o d e m o c o r r e r :

² D u r a »c ~a o d o P u l s o Tr a n s m i t i d o

² A m p lī c a d o r d e Ga n h o V a r i ¶a ve l c o m o Te m p o

² Ca r g a Ca p a c it iva d o Cir c u it o d e \ Th r e s h o l d "
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Co m o o s s e n s o r e s b a s e ia m -s e n a e m is s ~a o d e o n d a s s o n o r a s , a d e t e r m i n a »c ~a o d a

d i s t ^a n c i a d e u m o b je t o d e p e n d e d a s c a r a c t e r ¶ ³ s t ic a s d e s s e s o b je t o s :

² Ob je t o s R e°etores, c o m d im e n s ~o e s s u p e r io r e s a o c o m p r im e n t o d a o n d a s o n o -

r a ( 6 :9 5 mm a 2 0 o C ) .

² Ob je t o s D ifratantes, c o m d im e n s ~o e s in fe r i o r e s a o c o m p r im e n t o d a o n d a

s o n o r a . E m b o r a o b je t o s d e s s a d im e n s ~a o s e ja m r a r o s , s u p e r f¶ ³c i e s r u g o s a s

c o m o c o n c r e t o p o d e m a p r e s e n t a r c a r a c t e r ¶ ³ s t ic a s d ifr a t a n t e s , r e d u z in d o a

e fe t ivid a d e d o s e n s o r .

A ¯ g u r a 2 .2 a p r e s e n t a d a d o s t ¶ ³p ic o s d e r e t o r n o d e s e n s o r e s u l t r a s ^o n ic o s .

Fig u r a 2 . 2 : R e c e p »c ~a o d o s e n s o r u lt r a s ^o n ic o .

3 . S e n s o r e s p o r In fr a ve r m e lh o

O s is t e m a d e s e n s o r e s p o r l u z in fr a ve r m e lh a , s is t e m a Sensus 350, c o n s i s t e e m

d o i s a n ¶ e i s d e 2 4 s e n s o r e s , p r o ve n d o i n fo r m a »c ~o e s d e p r e s e n »c a d e o b je t o s p r ¶o xim o s

( m e n o s d e 5 0 0 m m d e d i s t ^a n c i a ) .

Ca d a s e n s o r ¶ e c o m p o s t o d e d o i s e m i s s o r e s in fr a ve r m e lh o s S IE ME N S S FH 3 4 -3

Ga -A s e u m r e c e p t o r S IE ME N S S FH 2 0 3 0 F ( fo t o d io d o ) . P a r a o b t e r a e n e r g ia

r e ° e t id a p o r u m o b je t o , s ~a o t o m a d a s d u a s l e i t u r a s : u m a c o m o s e m is s o r e s d e s lig a -

d o s - o b t e n d o -s e o n ¶ ³ve l d e r a d i a »c ~a o d o a m b ie n t e , e u m a c o m o s e m i s s o r e s lig a d o s

- o b t e n d o -s e a e n e r g i a r e ° e t i d a m a is a r a d i a »c ~a o a m b i e n t a l. A e n e r g ia r e fe r e n t e

a o o b je t o ¶ e o b t id a d a s u b t r a »c ~a o d a s l e it u r a s o b t i d a s :



Guiagem do Robô M¶ovel XR4000 via Internet 1 2

Eobjeto = Eligado ¡ Edesligado

D ive r s o s fa t o r e s in ° u e n c i a m o s d a d o s o b t id o s p e lo s e n s o r :

² Ge o m e t r i a

O p r in c ¶ ³p i o d e fu n c i o n a m e n t o d o s e n s o r ¶e b a s e a d o n o fa t o d e qu e qu a n t o

m a i o r a d i s t ^a n c i a d o o b je t o , m e n o r s e r ¶a a e n e r g ia r e ° e t id a c a p t a d a p e lo

r e c e p t o r . A l¶ e m d is s o , o ^a n g u l o d o o b je t o t a m b ¶ e m ¶ e d e g r a n d e i m p o r t ^a n c i a .

P a r a u m o b je t o d e s u p e r f¶ ³c ie n o r m a l a o e ixo d o e m i s s o r , a e n e r g ia r e ° e t id a

i r ¶a qu a s e t o d a p a r a o r e c e p t o r . A o c o n t r ¶a r io , p a r a u m o b je t o d e s u p e r f¶ ³c ie

qu a s e p a r a le la a o e ixo d o e m is s o r , a e n e r g i a qu e c h e g a r ¶a a o r e c e p t o r s e r ¶a

m ¶ ³n im a , in d i c a n d o u m a d i s t ^a n c i a m a io r qu e a ve r d a d e ir a .

² Ilu m in a »c ~a o

A p r e s e n »c a d e u m a g r a n d e qu a n t i d a d e d e e n e r g i a in fr a ve r m e lh a n o a m b ie n t e ,

c o m o n o c a s o d e l o c a is ilu m i n a d o s p o r l̂a m p a d a s in c a n d e s c e n t e s , p o d e s a -

t u r a r o r e c e p t o r , r e d u z in d o s u a s e n s it ivid a d e . E m g e r a l, o u s o d e l̂a m p a d a s

° u o r e s c e n t e s qu a s e n ~a o a fe t a a s m e d i d a s d e s e n s o r e s in fr a ve r m e lh o s .

² Co r e S u p e r f¶ ³c ie

A \ c o r " d o o b je t o ( s u a r e ° e t ivid a d e µa l u z i n fr a ve r m e l h a ) p o s s u i g r a n d e i n -

° u ^e n c i a n a s le it u r a s o b t i d a s ( ¯ g u r a 2 . 3 ) . A l¶ e m d is s o , a r u g o s id a d e s u p e r ¯ c i a l

t a m b ¶e m i n ° u i n a r e ° e x~a o d o s i n a l, s e n d o m a i o r p a r a s u p e r f¶ ³ c i e s lis a s qu e

r u g o s a s .

Subsistema de Vis~ao

Co m o a u x¶ ³lio a o s u b s is t e m a s e n s o r ia l, o r o b ^o X R 4 0 0 0 p o s s u i o s is t e m a Sensus 460,

qu e c o n s i s t e n u m a c ^a m e r a d e v¶ ³d e o c o l o r id a , p a d r ~a o N TS C, e u m a p la c a d e c a p t u r a

d e v¶ ³d e o , p a d r ~a o P CI, c o m 4 5 Mbytes=s d e t r a n s fe r ^ e n c ia d e d a d o s . E s s e s i s t e m a ¶e

a u xilia d o p o r u m a u n id a d e \ P a n -Tilt " , c o n t r o la d a p o r u m a p o r t a s e r i a l R S -2 3 2 , p a r a

m o vim e n t a »c ~a o d a c ^a m e r a .

E s s e s is t e m a ¶e a d e qu a d o , d e vid o a s u a o p e r a »c ~a o e m t e m p o r e a l, p a r a m o vim e n -

t a »c ~a o vis u a l ( a t r a v¶ e s d a s i m a g e n s ) , a n ¶a lis e d e m o vim e n t o s , a s s im c o m o a p lic a »c ~o e s d i-

ve r s a s .
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Fig u r a 2 .3 : R e c e p »c ~a o d o s e n s o r in fr a ve r m e lh o .

Subsistema de Comunica»c~ao

A c o m u n i c a »c ~a o d o r o b ^o X R 4 0 0 0 c o m a r e d e lo c a l ¶ e r e a liz a d a a t r a v¶e s d a i n t e r fa c e

P r o xim R a n g e L a n 2 ( fr e qÄu ^ e n c i a d e 2 .4 GH z ) , u m r ¶a d i o E t h e r n e t qu e p r o v̂ e a o s is t e m a

c o m p l e t o a c e s s o µa r e d e ( in c lu i n d o s e r vi»c o s c o m o \ t e ln e t " , \ ft p " e TCP / IP \ s o c ke t s " ) .

2.2.2 N avega»c~ao de Robôs M ¶oveis

N a ve g a »c ~a o ¶ e a c î e n c ia ( o u a r t e ) d e d ir e c io n a r o c u r s o d e u m r o b ^o m ¶o ve l µa m e -

d id a qu e o m e s m o a t r a ve s s a o a m b i e n t e [8 ]. E m t o d o s i s t e m a d e n a ve g a »c ~a o d e s e ja -s e

a l c a n »c a r o d e s t in o s e m qu e o r o b ^o s e p e r c a o u c o lid a e m a lg u m o b s t ¶a c u lo . A n a ve g a »c ~a o

e n vo lve t r ^ e s t a r e fa s : m a p e a m e n t o , p l a n e ja m e n t o e d i r e »c ~a o . U m p r o c e s s o d e a l t o n ¶ ³ve l,

d e n o m i n a d o d e p la n e ja m e n t o d e t a r e fa s , e s p e c ī c a o d e s t i n o e r e s t r i»c ~o e s p a r a o s i s t e m a ,

c o m o o t e m p o .

D e fo r m a s i m p le s , o p r o b le m a d a n a ve g a »c ~a o ¶e e n c o n t r a r u m c a m in h o lig a n d o o

lo c a l a t u a l in ic ia l a t ¶e u m a m e t a , e a t r a ve s s ¶a -lo s e m c o lis ~o e s .

A p r im e i r a p a r t e d a n a ve g a »c ~a o , m a p e a m e n t o , ¶ e r e a liz a d a a t r a v¶ e s d o u s o o u d e

m a p a s p r ¶e -a r m a z e n a d o s o u d e m a p a s \ a p r e n d id o s " p e lo s i s t e m a s e n s o r ia l µa m e d id a

qu e o r o b ^o a t r a ve s s a o a m b ie n t e . A m o d e l a g e m d o a m b ie n t e ¶ e r e a liz a d a p e la a n ¶a lis e

d o s d a d o s s e n s o r i a i s p a r a a c o n s t r u »c ~a o e m o d ī c a »c ~a o d o s m a p a s .

O p la n e ja m e n t o ¶e fe i t o a t r a v¶e s d a p r o c u r a d e c a m in h o s p o s s ¶ ³ve is n o m a p a c o n s -

t r u ¶ ³d o . A m e l h o r a l t e r n a t iva ¶ e e n t ~a o e s c o lh id a d e fo r m a a a t e n d e r µa s r e s t r i»c ~o e s i m p o s t a s

p e la t a r e fa .
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A t e r c e i r a t a r e fa r e a liz a d a n a n a ve g a »c ~a o ¶ e a g u i a g e m d o r o b ^o a t r a v¶e s d o c a m i n h o

d e ¯ n id o a n t e r i o r m e n t e . O m o vim e n t o d o r o b ^o ¶e e n t ~a o c o n t r o la d o u t iliz a n d o -s e o s e u

m o d e lo c in e m ¶a t ic o e d in ^a m ic o . D u r a n t e a m o vim e n t a »c ~a o , o p r o c e s s o d e p e r c e p »c ~a o e xa -

m in a c o n t in u a m e n t e o s d a d o s s e n s o r i a i s a ¯ m d e d e t e c t a r c o lis ~o e s p o t e n c i a is . Qu a n d o

u m a c o lis ~a o ¶ e p o s s ¶ ³ve l, o p r o c e s s o d e p e r c e p »c ~a o i n ic ia u m a a »c ~a o e va s iva . O n ¶ ³ve l ¯ n a l

d e s e g u r a n »c a e m t o d o r o b ^o m ¶o ve l ¶ e o b t id o a t r a v¶e s d a d e t e c »c ~a o d e c o lis ~a o p o r s e n s o r e s

d e t o qu e o u c o n t a t o .

A ¯ g u r a 2 .4 m o s t r a a i n t e r r e l a »c ~a o e n t r e a s fu n »c ~o e s d e n a ve g a »c ~a o d e u m r o b ^o

m ¶o ve l.

Fig u r a 2 .4 : H ie r a r qu ia d a s fu n »c ~o e s d e n a ve g a »c ~a o [ 8 ].

P e s qu is a s r e c e n t e s e m n a ve g a »c ~a o b u s c a m a in t e g r a »c ~a o e n t r e s i s t e m a s d e o d o m e t r ia

( \ d e a d -r e c ko n i n g " ) e s e n s o r e s d e o b s t ¶a c u lo s ( s o n a r e s o u l a s e r ) , d e fo r m a a g e r a r u m

m a p e a m e n t o c o n ¯ ¶a ve l d o a m b i e n t e d o r o b ^o [9 ].

2.2.3 T eleoper a»c~ao de Robôs M ¶oveis via I nter net

O d e s e n vo lvim e n t o d e s i s t e m a s d e t e l e o p e r a »c ~a o via In t e r n e t d e r o b ^o s m ¶o ve is ¶e a m -

p la m e n t e e xp lo r a d o p o r d ive r s o s p e s qu is a d o r e s [1 0 , 1 1 , 1 2 , 1 3 ]. D ive r s a s e s p e c ī c a »c ~o e s

p a r a e s s e s s is t e m a s fo r a m d e ¯ n i d a s [1 0 ], g e r a n d o a s s e g u i n t e s r e g r a s p r ¶a t ic a s :

² o s i s t e m a d e ve s e r i m u n e a a t r a s o s d e t r a n s m is s ~a o ;

² a l t o s t r ¶a fe g o s n a r e d e n ~a o d e ve m i m p e d ir a c o n e x~a o c o m o u s u ¶a r i o ;
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² a t r a n s m i s s ~a o d e v¶ ³d e o d e ve s e r ° u e n t e s u ¯ c ie n t e p a r a p r o ve r u m g r a u r a z o ¶a ve l

d e r e a lis m o n o c o n t r o l e ;

² a in t e r fa c e c o m o u s u ¶a r io d e ve s e r s i m p le s d e s e u s a r ;

² a e s t r a t ¶ e g ia d e c o n t r o l e d o s is t e m a d e ve s e r in t u it iva .

Gr a n d e p a r t e d o s t r a b a lh o s a p r e s e n t a s o lu »c ~o e s b a s e a d a s n o s c o n c e i t o s d e CGI,

Ja va e COR B A , d e fo r m a a p r o ve r d ive r s o s g r a u s d e in t e r a t ivid a d e c o m o u s u ¶a r io . O

r e qu is it o d e i m u n i d a d e a a t r a s o s r e qu e r u m m ¶ ³ n im o g r a u d e a u t o n o m ia d o s is t e m a . A

a u t o n o m ia p o d e s e r i m p le m e n t a d a n o s s e g u i n t e s n ¶ ³ve is b ¶a s i c o s [ 1 3 ]:

² e vit a r o b s t ¶a c u l o s ;

² n a ve g a »c ~a o ;

² p l a n e ja m e n t o d e c a m in h o s .

O r e qu is it o m ¶ ³ n im o p a r a s is t e m a s t e l e o p e r a d o s ¶e a c a p a c i d a d e d o m e s m o d e e vi-

t a r o b s t ¶a c u lo s , d e fo r m a qu e o c o m a n d o r e m o t o n ~a o s e ja t o t a lm e n t e r e s p o n s ¶a ve l p e la

s e g u r a n »c a d o r o b ^o e d e s e u a m b ie n t e . A n a ve g a »c ~a o e o p la n e ja m e n t o d e c a m in h o s s ~a o

g e r a lm e n t e u t iliz a d o s qu a n d o o a m b ie n t e p o s s u i o b s t ¶a c u lo s e s t ¶a t i c o s ( c o m o m o b ¶ ³lia e

e qu ip a m e n t o s ) e d e s e ja -s e s im p lī c a r o c o n t r o l e p o r p a r t e d o u s u ¶a r io .

O d e s e n vo lvim e n t o d e s i s t e m a s d e t e le o p e r a »c ~a o via In t e r n e t r e qu e r , p o r p a r t e d o

s i s t e m a , u m a a u t o n o m ia m ¶ ³n i m a qu e a s s e g u r e a s u a s e g u r a n »c a , e p o r p a r t e d o u s u ¶a r i o ,

u m a i n t e r fa c e d e c o n t r o le s i m p le s e i n t u i t iva .

2.3 Comunica»c~ao de Dados via I nter net

N e s t a s e »c ~a o s e r ~a o a p r e s e n t a d o s o s c o n c e it o s d e m o d e lo c lie n t e -s e r vid o r , o m o d e lo

IS O-OS I p a r a c o m u n i c a »c ~a o d e d a d o s , e o c o n c e i t o d e c a n a is d e c o m u n i c a »c ~a o .

2.3.1 O M odelo Cliente-Ser vidor

O m o d e lo d a a r qu it e t u r a c lie n t e -s e r vid o r ¶ e u m m o d e lo d e s i s t e m a s d is t r i b u ¶ ³ d o s

qu e m o s t r a c o m o o s d a d o s e p r o c e s s a m e n t o s s ~a o d is t r ib u ¶ ³d o s e n t r e u m c o n ju n t o d e

p r o c e s s a d o r e s [1 4 ]. Os p r i n c i p a i s c o m p o n e n t e s d e s s e m o d e lo s ~a o :

² u m c o n ju n t o d e s e r vid o r e s in d e p e n d e n t e s qu e o fe r e c e m s e r vi»c o s p a r a o u t r o s s u b -

s i s t e m a s ;

² u m c o n ju n t o d e c lie n t e s qu e r e qu is it a m s e r vi»c o s o fe r e c i d o s p e l o s s e r vid o r e s ;
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² u m a r e d e d e c o m p u t a d o r e s qu e p e r m i t e qu e o s c lie n t e s a c e s s e m e s s e s s e r vi»c o s .

Os c lie n t e s d e ve m s a b e r o s \ n o m e s " d o s s e r vid o r e s d is p o n ¶ ³ve is e o s s e r vi»c o s qu e

o s m e s m o s p r o v̂e m . E n t r e t a n t o , s e r vid o r e s n ~a o p r e c i s a m c o n h e c e r o u a id e n t id a d e d o s

c lie n t e s o u qu a n t o s c lie n t e s t e n t a m o b t e r s e u s s e r vi»c o s . U m e xe m p lo d e u m s is t e m a

d e s e n vo lvid o a p a r t ir d o m o d e l o c lie n t e -s e r vid o r ¶ e m o s t r a d o n a ¯ g u r a 2 .5 .

Fig u r a 2 .5 : E xe m p lo d e a p lic a »c ~a o d o m o d e lo c lie n t e -s e r vid o r .

A m a i s i m p o r t a n t e va n t a g e m d o m o d e lo c lie n t e -s e r vid o r ¶e a s u a f¶a c il d is t r i b u i »c ~a o

o u a m p lia »c ~a o . ¶E s i m p le s a d ic io n a r u m n o vo s e r vid o r e i n t e g r ¶a -lo g r a d u a l m e n t e c o m o

r e s t o d o s is t e m a , o u m e s m o a t u a liz a r o s s e r vid o r e s s e m a fe t a r o u t r a s p a r t e s d o s i s t e m a .

2.3.2 O modelo I SO-OSI

U m s is t e m a d e c o m u n i c a »c ~o e s r e p r e s e n t a a fo r m a n a qu a l s e r e a liz a m a s t r o c a s d e

d a d o s e a p a s s a g e m d a s in fo r m a »c ~o e s d e c o n t r o le . O d e s lo c a m e n t o d e s s e s d a d o s ¶ e g e r a l-

m e n t e d e ¯ n i d o a p a r t i r d o m o d e lo d e c o m u n ic a »c ~a o OS I ( Op e n S ys t e m In t e r c o n n e c t io n ) ,

d e ¯ n id o p e l a IS O.

O m o d e l o OS I d ivid e e m s e t e c a m a d a s o t r a b a lh o d e d e s l o c a m e n t o d e d a d o s d e

u m p o n t o a o u t r o . S ~a o c a m a d a s h i e r a r qu iz a d a s qu e c o n t r i b u e m p a r a o a g r u p a m e n t o

o u s e p a r a »c ~a o d e u m p a c o t e d e d a d o s . E s s e s p a c o t e s d e d a d o s , a l¶ e m d a i n fo r m a »c ~a o

p r o p r i a m e n t e d it a a s e r t r a n s m it id a , le va m e m s e u in t e r io r d a d o s r e l a t ivo s µa o r ig e m

e d e s t i n o n a r e d e , a s s im c o m o o p r o t o c o lo e m p r e g a d o n a c o d i ¯ c a »c ~a o d a s in fo r m a »c ~o e s

t r a n s p o r t a d a s .

A s c a m a d a s d o m o d e l o OS I s ~a o a s s e g u in t e s :

² Ca m a d a F¶ ³s ic a

¶E a c a m a d a r e s p o n s ¶a ve l p e la g e r a »c ~a o e r e c e p »c ~a o d o s i m p u ls o s f¶ ³ s ic o s ( e l¶ e t r ic o s )

e n vo lvid o s n a c o m u n i c a »c ~a o d e d a d o s . E s s a c a m a d a a p e n a s t r a t a d a c o n e x~a o
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d a s d e m a is c a m a d a s c o m o s is t e m a d e c o m u n i c a »c ~a o , n ~a o in c lu i n d o p o r t a n t o a

im p le m e n t a »c ~a o f¶ ³ s i c a d a r e d e d e c o m p u t a d o r e s .

² Ca m a d a d e E n la c e d e D a d o s

¶E o n ¶ ³ve l qu e r e a liz a o p r i m e ir o t r a t a m e n t o d o s s i n a i s , a g r u p a n d o -o s e m p a c o t e s

d e b i t s e a d i c i o n a n d o -lh e s s is t e m a s d e ve r ī c a »c ~a o d e e r r o s .

² Ca m a d a d e R e d e

Qu a n d o u m a r e d e d e c o m p u t a d o r e s t o r n a -s e c o m p l e xa d e vid o a o s e u t a m a n h o ,

u t iliz a -s e c o m o s o l u »c ~a o a s u b -d ivis ~a o d e s t a r e d e , a t r a v¶ e s d a c r ia »c ~a o d e s u b -r e d e s

lo c a is . A c a m a d a d e r e d e g e r e n c i a o t r a n s p o r t e d e d a d o s a t r a v¶ e s d a r e d e , r e a -

liz a n d o o r o t e a m e n t o d e s s a s i n fo r m a »c ~o e s .

² Ca m a d a d e Tr a n s p o r t e

¶E u m n ¶ ³ve l d e t r a n s i »c ~a o qu e r e a liz a o g e r e n c i a m e n t o ¯ n a l d o s p a c o t e s d e r o t e a -

m e n t o e a r e c u p e r a »c ~a o d e e r r o s d a s c a m a d a s a n t e r io r e s .

² Ca m a d a d e S e s s ~a o

A c a m a d a d e s e s s ~a o ¶ e o n ¶ ³ve l qu e m a n t ¶e m a s t r a n s m is s ~o e s o r ie n t a d a s µa c o n e x~a o ,

r e a liz a n d o a a b e r t u r a e fe c h a m e n t o d e c o n e x~o e s e n t r e m ¶a qu in a s d a r e d e .

² Ca m a d a d e A p r e s e n t a »c ~a o

¶E u m a c a m a d a p o u c o u t iliz a d a r e s p o n s ¶a ve l p e la c o n ve r s ~a o d o s d a d o s r e c e b i d o s

p a r a a p r ¶o xim a c a m a d a , a c a m a d a d e a p lic a »c ~a o .

² Ca m a d a d e A p lic a »c ~a o

A c a m a d a d e a p lic a »c ~a o t r a t a d o s a s s u n t o s d e s e g u r a n »c a e d i s p o n i b ilid a d e d e

r e c u r s o s , c o m o t r a n s fe r ^ e n c ia d e a r qu ivo s e p r o t o c o lo s d e t e r m i n a i s .

2.3.3 T CP e UDP

O TCP ( Tr a n s m is s i o n Co n t r o l P r o t o c o l) e o U D P ( U s e r D a t a g r a m P r o t o c o l) s ~a o

p r o t o c o l o s qu e p e r c o r r e m e n c a p s u la d o s n o s p a c o t e s IP ( In t e r n e t P r o t o c o l) , s e n d o r e s -

p o n s ¶a ve is p e la c o m u n i c a »c ~a o d e d a d o s b a s e a d o s e m d a t a g r a m a s e b a s e a d o s e m ° u xo

[1 5 ].

U m p r o t o c o lo b a s e a d o e m d a t a g r a m a ¶ e a qu e l e qu e a t r i b u i u m t a m a n h o m ¶a xim o µa

qu a n t id a d e d e d a d o s e n via d a e m u m a ¶u n i c a t r a n s m is s ~a o ( c o m o o U D P ) . U m p r o t o c o lo

b a s e a d o e m ° u xo ( c o m o o TCP ) r e a liz a a \ qu e b r a " d a in fo r m a »c ~a o e m p a c o t e s m e n o r e s
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e t r a t a d a r e o r g a n iz a »c ~a o d e s s e s p a c o t e s , d e fo r m a qu e , p a r a o u s u ¶a r i o , a t r a n s m is s ~a o ¶e

r e a liz a d a s e m lim it e s d e qu a n t id a d e d e d a d o s .

D e fo r m a c o m p a r a t iva , p o d e m o s d ife r e n c i a r o U D P d o TCP d a s e g u i n t e fo r m a :

1 . U D P

² b a s e a d o p o r d a t a g r a m a ;

² m e n o r c o n s u m o d e r e c u r s o s d a r e d e ;

² m e n o r c o n ¯ a b ilid a d e ;

² qu a n t i d a d e d e d a d o s e n via d a p o r t r a n s m i s s ~a o lim it a d a .

2 . TCP

² b a s e a d o e m ° u xo ;

² m a i o r c o n s u m o d e r e c u r s o s d a r e d e ;

² m a i o r c o n ¯ a b ilid a d e ;

² qu a n t i d a d e ilim it a d a d e d a d o s t r a n s m it id o s .

2.3.4 Canais de Comunica»c~ao

Ca n a i s d e c o m u n i c a »c ~a o ( g e r a l m e n t e d e n o m i n a d o s d e \ s o c ke t s " ) s ~a o a fo r m a d e

s e r e a liz a r a c o m u n i c a »c ~a o e n t r e d o i s c o m p u t a d o r e s e m u m a r e d e [1 6 , 1 7 ]. Os c a n a is

lig a m d o is c o m p u t a d o r e s a t r a v¶e s d e s e u s e n d e r e »c o s IP e a t r a v¶ e s d e u m a \ p o r t a " d e

c o m u n ic a »c ~a o . E s t a c o m u n ic a »c ~a o p o d e s e r r e a liz a d a t a n t o a t r a v¶e s d o p r o t o c o l o U D P

c o m o p e l o p r o t o c o l o TCP . Co m a n d o s c o m o \ t e ln e t " e \ ft p " u t iliz a m i n t e r n a m e n t e e m

s e u fu n c io n a m e n t o o c o n c e i t o d e c a n a is d e c o m u n i c a »c ~a o .

D e fo r m a g e n ¶ e r ic a u m c a n a l d e c o m u n i c a »c ~a o ¶e a b e r t o e s p e c i ¯ c a n d o -s e o e n d e r e »c o

d a m ¶a qu in a d e s t in o e a p o r t a d e c o m u n ic a »c ~a o a s e r u t iliz a d a . P a r a o c a s o d e u m a

c o m u n ic a »c ~a o TCP , a m ¶a qu in a r e m o t a r e c e b e o e n d e r e »c o d a m ¶a qu in a l o c a l, o qu e p e r -

m it e qu e u m a c o n e x~a o b a s e a d a e m ° u xo s e ja r e a liz a d a e n t r e a s m ¶a qu in a s . A ¯ g u r a 2 .6

m o s t r a u m e s qu e m a d o p r o c e s s o .

Fig u r a 2 . 6 : E s qu e m a d e u s o d e c a n a is d e c o m u n i c a »c ~a o .
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2.3.5 O ser vidor I netd

N o s s is t e m a s U N IX , c o m o o L in u x, e xis t e u m p r o c e s s o r e s p o n s ¶a ve l p e la m a i o r

p a r t e d a s c o n e x~o e s r e a liz a d a s a t r a v¶ e s d e c a n a i s d e c o m u n ic a »c ~a o . E s s e p r o g r a m a , d e -

n o m in a d o i n e t d , a g u a r d a c o n e x~o e s d e r e d e e a s d ir e c i o n a p a r a p r o g r a m a s s e r vid o r e s ,

c o m o o t e l n e t d , r e s p o n s ¶a ve l p o r c o n e x~o e s t e ln e t .

Co m o m o s t r a a ¯ g u r a 2 .7 , o i n e t d , a o r e c e b e r u m a c o n e x~a o d a r e d e , c r i a u m a

c ¶o p ia d e s i, a t r a v¶e s d o c o m a n d o f o r k , e e n t ~a o e xe c u t a o p r o g r a m a s e r vid o r a t r a v¶ e s d o

c o m a n d o e x e c [1 8 ].

A c o n ¯ g u r a »c ~a o d o i n e t d ¶e a r m a z e n a d a n o a r qu ivo \ e t c \ i n e t d . c o n f . A s in t a xe

d o s d a d o s c o n t i d o s n o a r qu ivo s e g u e a s e g u in t e fo r m a [ 1 5 ]:

s e r v i »c o c a n a l p r o t o c o l o e s p e r a u s u ¶a r i o l o c a l i z a »c ~a o a r g u m e n t o s

Os t e r m o s r e fe r id o s a c im a p o s s u e m o s s e g u i n t e s s ig n ī c a d o s :

ser vi»co ¶ e o n o m e d o s e r vid o r , lis t a d o n o a r qu ivo / e t c / s e r v i c e s .

canal d e s c r e ve o t ip o d e c a n a l u t iliz a d o , o u s e ja , s t r e a m o u d g r a m .

pr otocolo ¶e o p r o t o c o l o u t iliz a d o p e l o s e r vi»c o , s e ja t c p o u u d p .

esper a c o n ¯ g u r a o i n e t d a t r a va r a p o r t a ( w a i t ) a n o va s c o n e x~o e s o u n ~a o t r a va r a

p o r t a ( n o w a i t ) a n o va s c o n e x~o e s .

usu¶ar io in d ic a s o b qu a l u s u ¶a r io o s e r vid o r d e ve s e r a t iva d o ( g e r a lm e n t e o s u p e r -

u s u ¶a r i o r o o t ) .

localiza»c~ao in d ic a a l o c a liz a »c ~a o e n o m e d o s e r vid o r a s e r a t iva d o p e lo i n e t d .

ar gumentos d e s c r e ve o s a r g u m e n t o s a s e r e m p a s s a d o s a o p r o g r a m a s e r vid o r .

Fig u r a 2 . 7 : Fu n c i o n a m e n t o d o daemon in e t d .
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A s s im , p o r e xe m p l o , o s e r vid o r t e l n e t ¶e g e r a lm e n t e c o n ¯ g u r a d o n o a r qu ivo

i n e t d . c o n f d a s e g u in t e fo r m a :

t e l n e t s t r e a m t c p n o w a i t r o o t / u s r / e t c / i n . t e l n e t d i n . t e l n e t d

D e ve -s e le m b r a r qu e o s e r vid o r d e ve e s t a r lis t a d o n o a r qu ivo / e t c / s e r v i c e s ,

o n d e ¶ e d e ¯ n i d a a p o r t a qu e o s e r vid o r a t e n d e . N o c a s o d o s e r vid o r d e t e l n e t , s u a

c o n ¯ g u r a »c ~a o ¶e a s e g u in t e :

t e l n e t 2 3 / t c p

o n d e t e m o s a u t iliz a »c ~a o d a p o r t a 2 3 s o b o p r o t o c o l o t c p .

A u t iliz a »c ~a o d o i n e t d ¶e va n t a jo s a s o b r e a p r o g r a m a »c ~a o c o n ve n c i o n a l u t iliz a n d o

d ir e t a m e n t e o s c a n a i s d e c o m u n ic a »c ~a o p o is r e d u z a c a r g a s o b r e o s is t e m a o p e r a c io n a l

e fa c ilit a o d e s e n vo lvim e n t o d e p r o g r a m a s qu e r e a liz a m c o m u n i c a »c ~a o via In t e r n e t .

2.4 L¶ogica N ebulosa ou F uzzy

N e s t a s e »c ~a o s e r ~a o a p r e s e n t a d o s c o n c e i t o s b ¶a s ic o s s o b r e a l ¶o g i c a F uzzy, s u a m e t o d o lo -

g i a e fo r m a s d e a p lic a »c a o m a i s u s u a i s .

2.4.1 I ntr odu»c~ao µa L¶ogica F uzzy

D e fo r m a s im p l e s , p o d e -s e c a r a c t e r i z a r a l¶o g ic a F uzzy c o m o \ u m t ip o d e l ¶o g i c a

qu e r e c o n h e c e m a is d o qu e s im p l e s va lo r e s d e ve r d a d e ir o o u fa l s o . Co m a l¶o g ic a fu z z y,

p r o p o s i»c ~o e s p o d e m s e r r e p r e s e n t a d a s c o m g r a u s d e ve r d a d e e fa l s i d a d e . P o r e xe m p lo , a

fr a s e , h o je e s t ¶a e n s o l a r a d o , p o d e s e r 1 0 0 % ve r d a d e i r a s e n ~a o h ¶a n u ve n s , 8 0 % ve r d a d e i r a

s e h ¶a p o u c a s n u ve n s , 5 0 % ve r d a d e ir a s e e s t ¶a n u b l a d o e 0 % ve r d a d e ir a s e c h o ve d u r a n t e

t o d o o d ia ." [1 9 ].

Ou s e ja , a l ¶o g i c a F uzzy p r o v̂ e u m m ¶ e t o d o d e t r a d u z i r e xp r e s s ~o e s ve r b a is va g a s ,

im p r e c i s a s e qu a lit a t iva s e m va lo r e s n u m ¶ e r i c o s , p e r m it in d o qu e c o m p u t a d o r e s s e ja m

u t iliz a d o s c o m o s i s t e m a s in t e lig e n t e s b a s e a d o s n a e xp e r îe n c ia h u m a n a [2 0 ].

Aspectos Qualitativos da L¶ogica F uzzy

V is t a d e fo r m a qu a lit a t iva , a l¶o g ic a fuzzy p o d e s e r a p r e s e n t a d a d a s e g u in t e fo r m a :

² D ife r e n t e m e n t e d a l¶o g ic a a r is t o t ¶ e lic a ( b iva le n t e - ve r d a d e i r o o u fa ls o ) , a l ¶o g i c a

fuzzy ¶e m u l t iva le n t e , o u s e ja , a ve r d a d e ¶ e g r a d u a d a , r e c e b e n d o u s u a l m e n t e u m

va lo r n o i n t e r va lo [0 ; 1 ], s e n d o 0 r e p r e s e n t a n d o c o m p le t a m e n t e fa l s o e 1 c o m p l e -

t a m e n t e ve r d a d e ir o ;
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² E xp r e s s ~o e s ve r b a is , im p r e c is a s , qu a lit a t iva s , in e r e n t e m e n t e h u m a n a s , p o d e m s e r

t r a t a d a s a t r a v¶ e s d o fo r m a lis m o d a l ¶o g i c a fuzzy;

² A s im p lic a »c ~o e s l¶o g ic a s , o u in fe r ^e n c ia l ¶o g i c a , a s e n t r a d a s e s a ¶ ³ d a s , o u a n t e c e d e n t e s

e c o n s e qÄu e n t e s , s ~a o a s s o c i a d o s a g r a u s d e ve r d a d e n o i n t e r va lo [ 0 ; 1 ];

² A u t iliz a »c ~a o d a l¶o g i c a fuzzy fa c ilit a a in t e r fa c e c o m p u t a d o r -h o m e m , p o r p e r m it ir

a o p r i m e ir o u m a m e l h o r c o m p r e e n s ~a o d a lin g u a g e m i n e r e n t e m e n t e i m p r e c is a d o s

s e u s o p e r a d o r e s .

Conjuntos F uzzy

S e ja u m c o n ju n t o u n ive r s o E e x u m e le m e n t o d e s s e c o n ju n t o . O c o n ju n t o A ¶e o

c o n ju n t o d e p a r e s o r d e n a d o s t a is qu e :

f[x; ¹A ( x) ]g; 8x 2 E

o n d e ¹A ( x) ¶e o g r a u d e p e r t i n ^ e n c ia d e x e m A. O va lo r d e ¹A ( x) , n a l ¶o g i c a fuzzy,

p o d e s e r qu a lqu e r va lo r n o i n t e r va lo [0 ; 1 ].

Oper a»c~oes com Conjuntos

A s s im c o m o n o s c o n ju n t o s c o n ve n c i o n a is , o s c o n ju n t o s fuzzy p o s s u e m o p e r a d o r e s

d e u n i~a o , in t e r s e c »c ~a o e c o m p l e m e n t o . A s e g u ir s e r ~a o d e ¯ n i d a s a s p r i n c i p a i s o p e r a »c ~o e s

u t iliz a d a s .

² U n i~a o

A fu n »c ~a o d e p e r t i n ^e n c ia ¹A[B ( u) ; u 2 U , d a u n i~a o A [ B, ¶ e d e ¯ n id a c o m o :

¹A[B ( u) = ¹A ( u) s ¹B ( u) · max[¹A ( u) ; ¹B ( u) ]

o n d e s ¶ e a c o -n o r m a t r ia n g u la r d e u n i~a o g e n e r a liz a d a . D ive r s a s n o r m a s s p o d e m

s e r u t iliz a d a s , d e n t r e a s qu a i s :

U n i~a o x s y = max( x;y )

S o m a a l g ¶ e b r ic a x s y = x + y ¡ xy

² In t e r s e c »c ~a o

A fu n »c ~a o d e p e r t i n ^e n c ia ¹A\B ( u) ; u 2 U , d a in t e r s e c »c ~a o A \ B, ¶ e d e ¯ n i d a c o m o :

¹A\B ( u) = ¹A ( u) t ¹B ( u) · min[¹A ( u) ; ¹B ( u) ]
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o n d e t ¶e a n o r m a t r ia n g u l a r d e i n t e r s e c »c ~a o g e n e r a liz a d a . D ive r s a s n o r m a s t

p o d e m s e r u t iliz a d a s , d e n t r e a s qu a i s :

I n t e r s e c »c ~a o x t y = min ( x; y )

P r o d u t o a lg ¶e b r i c o x t y = xy

P r o d u t o d r ¶a s t ic o x t y =

8
>>><
>>>:

x; y = 1

y; x = 1

0 ; x; y < 1

² Co m p l e m e n t o

A fu n »c ~a o d e p e r t i n ^e n c ia d o c o m p le m e n t o ¶e d a d a c o m o s e g u e :

¹A0 ( x) = 1 ¡ ¹A ( x)

Fun»c~oes de P er tinência

U m a fu n »c ~a o d e p e r t i n ^e n c ia fuzzy ¶ e u m a fu n »c ~a o n u m ¶e r ic a g r ¶a ¯ c a o u t a b u l a d a qu e

a t r ib u i va lo r e s d e p e r t in ^e n c i a p a r a va lo r e s d is c r e t o s d e u m a va r i¶a ve l, d e n t r o d e s e u

u n ive r s o d e d is c u r s o ( o u n ive r s o d e d i s c u r s o r e p r e s e n t a o i n t e r va lo n u m ¶e r ic o d e t o d o s

o s va lo r e s p o s s ¶ ³ve is qu e u m a va r i ¶a ve l p o d e a s s u m ir ) .

A s fu n »c ~o e s d e p e r t i n ^e n c ia a s s u m e m d ive r s a s fo r m a s , s e n d o a s m a is u t iliz a d a s a

t r ia n g u la r e a t r a p e z o i d a l. A ¯ g u r a 2 .8 a p r e s e n t a a s p r in c ip a is fu n »c ~o e s d e p e r t i n ^ e n c ia

g e r a lm e n t e u t iliz a d a s e m p r o je t o s d e c o n t r o l a d o r e s fuzzy.

Fig u r a 2 .8 : Fu n »c ~o e s d e p e r t in ^ e n c i a fuzzy.

A qu a n t i d a d e d e fu n »c ~o e s d e p e r t i n ^ e n c ia a s e r u t iliz a d a e m u m u n ive r s o d e d i s c u r s o

e s e u s fo r m a t o s s ~a o g e r a l m e n t e b a s e a d o s n a e xp e r î e n c ia . A p e s a r d i s s o , a lg u m a s d i c a s

p r ¶a t ic a s p o d e m s e r u t iliz a d a s :

² o n ¶u m e r o d e fu n »c ~o e s d e p e r t in ^e n c i a u t iliz a d o va r i a g e r a lm e n t e e n t r e 2 e 7 . Qu a n t o

m a io r o s e u n ¶u m e r o , m a io r a p r e c is ~a o m a s t a m b ¶e m ¶e m a io r o c u s t o c o m p u t a c i o n a l;
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² o fo r m a t o d a s fu n »c ~o e s d e p e r t in ^e n c i a ¶e g e r a l m e n t e t r ia n g u l a r o u t r a p e z o i d a l,

m a s c a s o s e ja n e c e s s ¶a r io u m c o m p o r t a m e n t o m a i s s u a ve d o s is t e m a , d e ve m s e r

u t iliz a d a s fu n »c ~o e s c o m o a g a u s s i a n a o u a s ig m ¶o id e ;

² a p r e c is ~a o d o s i s t e m a ¶e d e p e n d e n t e d o g r a u d e s u p e r p o s i »c ~a o e n t r e a s fu n »c ~o e s d e

p e r t in ^ e n c i a . Ge r a lm e n t e a c o n s e lh a -s e p a r a t e s t e s in ic i a i s 5 0 % d e s u p e r p o s i»c ~a o ,

e p a r a o s i s t e m a o t im iz a d o u m m ¶ ³ n i m o d e 2 5 % e u m m ¶a xim o d e 7 5 % d e s u p e r -

p o s i »c ~a o e m s is t e m a s d e m a l h a fe c h a d a ;

² c a s o h a ja d a d o s e xp e r im e n t a is , ¶ e p o s s ¶ ³ve l u t iliz a r s i s t e m a s n e u r o -fuzzy p a r a g e r a r

a u t o m a t ic a m e n t e a s fu n »c ~o e s d e p e r t in ^e n c i a ;

² a s fu n »c ~o e s d e p e r t in ^ e n c i a d e ve m p r e fe r ive lm e n t e a b r a n g e r t o d o o u n ive r s o d e

d i s c u r s o d a va r i ¶a ve l a n a lis a d a .

F uzzy¯ca»c~ao

A fuzzy¯ca»c~ao ¶ e o m a p e a m e n t o d o d o m ¶ ³n io d e va lo r e s n u m ¶e r i c o s ( V N ) r e a is ( c o -

m o va lo r e s o b t id o s d e u m s e n s o r ) p a r a va lo r e s fuzzy ( V F) , d e ¯ n id o s p e la s fu n »c ~o e s d e

p e r t in ^e n c i a . Co m o p o d e s e r vis t o n a ¯ g u r a 2 . 9 , o va lo r fuzzy p a r a a va r i ¶a ve l X ¶ e d a d o

p o r 0 :3 p a r a a fu n »c ~a o M e p o r 0 : 7 p a r a L .

Fig u r a 2 . 9 : F uzzy¯ca»c~ao d e va lo r e s n u m ¶ e r ic o s .

Regr as

A s r e g r a s fuzzy s e g u e m d o is t i p o s d e im p lic a »c ~o e s : modus ponens ( m o d o a ¯ r m a -

t ivo ) e o modus tollens ( m o d o n e g a t ivo ) . A t a b e l a 2 .1 m o s t r a a fo r m a c o m o e s s a s

im p lic a »c ~o e s s ~a o u t iliz a d a s .

U m a r e g r a fuzzy u t iliz a n d o a im p lic a »c ~a o modus ponens t o m a a s e g u i n t e fo r m a :

S E X = A E N T A O Y = B
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Mo d o M odus ponens M odus tollens

P r e m is s a 1 u =A y=n ~a o -A

P r e m is s a 2 s e u =A e n t ~a o y=B s e u =A e n t ~a o y=B

Co n s e qÄu ^e n c ia y=B y=n ~a o -B

Ta b e la 2 . 1 : M¶e t o d o s d e im p lic a »c ~o e s fuzzy.

Ge n e r a liz a n d o , a s r e g r a s fuzzy, u t iliz a n d o a s va r i¶a ve is e s u a s fu n »c ~o e s d e p e r -

t i n ^ e n c ia , p o s s u e m a s e g u in t e s in t a xe :

S E < v a r i a v e l _ 1 = f p _ 1 > E / O U < v a r i a v e l _ 2 = f p _ 2 > E / O U . . .

E N T A O < v a r i a v e l _ S = f p _ S >

o n d e v a r i a v e l _ n r e fe r e -s e a u m a va r i ¶a ve l d e e n t r a d a , f p _ n a u m a fu n »c ~a o d e

p e r t in ^e n c i a d e s t a va r i ¶a ve l n , e v a r i a v e l _ S e f p _ S r e fe r e m -s e µa va r i¶a ve l d e s a ¶ ³d a e u m a

d e s u a s fu n »c ~o e s d e p e r t i n ^ e n c ia .

I nfer ência

A in fe r ^e n c i a fuzzy b a s e ia -s e n a t r a n s fo r m a »c ~a o d o e s p a c o d e e n t r a d a s A ( x) p a r a o

e s p a »c o d e s a i d a s B ( y ) a t r a v¶e s d e u m a r e la »c ~a o m a t r ic i a l R ( x; y ) . Ma t e m a t ic a m e n t e :

B ( y ) = A( x) ±R ( x; y )

o n d e ± ¶e o o p e r a d o r c o m p o s i c io n a l d e i n fe r ^ e n c ia . Os o p e r a d o r e s m a i s u t iliz a d o s

s ~a o o s s e g u i n t e s :

Ma x-m in ¹B ( y ) = maxfmin[¹A ( x ) ; ¹R ( x; y ) ]g
Ma x-p r o d u t o ¹B ( y ) = maxf¹A ( x) :¹R ( x; y ) g

D esfuzzy¯ca»c~ao

N a desfuzzy¯ca»c~ao o va lo r d a s va r i ¶a ve is lin g Äu ¶ ³s t i c a s d e s a ¶ ³d a s e r ¶a t r a d u z id o p a r a

u m va lo r d is c r e t o n u m ¶ e r ic o , c o m o o b je t ivo d e o b t e r -s e o m e l h o r va lo r qu e r e p r e s e n t e

o va lo r d e s e ja d o . E xis t e m d ive r s o s m ¶ e t o d o s d e desfuzzy¯ca»c~ao, c a d a u m a p r o p r i a d o

p a r a u m a a p lic a »c ~a o d e t e r m in a d a :

² Ce n t r o d a ¶A r e a o u M¶e t o d o d o Ce n t r ¶o id e

N o m ¶ e t o d o d o c e n t r ¶o id e , o va lo r n u m ¶ e r i c o r e t o r n a d o ¶e c a lc u la d o a p a r t ir d a

s e g u i n t e e xp r e s s ~a o :

u¤ =

PN
i=1 ui¹sai ( ui )PN
i=1 ¹sai ( ui )
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² Ce n t r o d o M¶a xim o o u D esfuzzy¯ca»c~ao p e la s A lt u r a s

O m ¶ e t o d o d o s m ¶a xim o s r e a liz a u m a m ¶ e d i a p o n d e r a d a d o s m ¶a xim o s d a s fu n »c ~o e s

d e p e r t in ^ e n c i a , s e g u n d o a s e g u i n t e f¶o r m u la :

u¤ =

PN
i=1 ui:

Pn
k=1 ¹O;k ( ui )PN

i=1

Pn
k=1 ¹O;k ( ui )

² M¶e d ia d o M¶a xim o

E s t a a b o r d a g e m u t iliz a o va lo r m ¶ e d i o e n t r e o s m ¶a xim o s d a s fu n »c ~o e s d e p e r -

t i n ^e n c ia , s e g u n d o a s e g u in t e e xp r e s s ~a o :

u¤ =
MX

m=1

um

M

o n d e um ¶e o m -¶ e s im o e l e m e n t o n o u n ive r s o d e d is c u r s o o n d e ¹sai ( ui ) p o s s u i u m

m ¶a xim o .

2.4.2 Sistemas de Contr ole F uzzy

E m b o r a o c o n t r o le c o n ve n c io n a l, b a s e a d o e m c o n t r o la d o r e s P ID e fu n »c ~o e s d e

t r a n s fe r ^e n c ia , s e ja a d e qu a d o p a r a a m a i o r p a r t e d a s s it u a »c ~o e s , a s im p l e m e n t a »c ~o e s p o r

l¶o g ic a fuzzy fr e qÄu e n t e m e n t e s ~a o m a is e ¯ c i e n t e s , d e vid o µa s s e g u in t e s c a r a c t e r ¶ ³ s t i c a s :

² o c o n t r o le fuzzy n a s c e d a e xp e r î e n c i a a o in v¶ e s d e m o d e lo s m a t e m ¶a t i c o s , p o r t a n t o

u m a im p l e m e n t a »c ~a o lin g Äu ¶ ³s t ic a ¶e m u it o m a is f¶a c il e r ¶a p id a d e s e r d e ¯ n id a ;

² c o n d i»c ~o e s r a r a s o u e xc e p c i o n a i s n o c o n t r o le p o d e m s e r in c o r p o r a d a s c o m p o u c o

c u s t o c o m p u t a c io n a l, p e r m a n e c e n d o o s i s t e m a a in d a t r a n s p a r e n t e e c o m p r e e n s ¶ ³ve l;

² a i m p le m e n t a »c ~a o d a l¶o g ic a fuzzy ¶e fr e qÄu e n t e m e n t e m a is e ¯ c ie n t e e m t e r m o s d e

c o d i ¯ c a »c ~a o e t e m p o c o m p u t a c i o n a l d e e xe c u »c ~a o .

U m c o n t r o la d o r fuzzy ¶e g e r a l m e n t e c o m p o s t o d o s s e g u in t e s b lo c o s fu n c i o n a i s :

² in t e r fa c e d e fuzzy¯ca»c~ao;

² b a s e d e c o n h e c i m e n t o ( r e g r a s ) ;

² s i s t e m a d e i n fe r ^ e n c ia ;

² in t e r fa c e d e desfuzzy¯ca»c~ao.
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2.4.3 Aplica»c~oes da L¶ogica F uzzy

A l¶o g ic a fuzzy ¶ e a p lic a d a e m d ive r s a s ¶a r e a s , s e ja c o m e r c ia l o u d e p e s qu is a . E n t r e

a l g u m a s a p lic a »c ~o e s c o m e r c i a is p o d e m s e r c i t a d a s :

² Ĉa m e r a s d e V ¶ ³ d e o

O c o n t r o l e d e fo c o e a b e r t u r a d o d ia fr a g m a d e c ^a m e r a s p o d e s e r o b t i d o a t r a v¶ e s

d a l¶o g ic a fuzzy, g a r a n t in d o a s s im u m a m e l h o r qu a lid a d e d a s im a g e n s o b t id a s e

p e r m i t i n d o e qu ip a m e n t o s m a i s s im p l e s e b a r a t o s .

² M¶a qu in a s d e L a va r R o u p a

O c o n t r o le d o s c ic l o s d a m ¶a qu in a ¶e o b t id o a t r a v¶ e s d o s e n s o r e a m e n t o d e d ive r s a s

c a r a c t e r ¶ ³s t i c a s p a r a a la va g e m , c o m o a t e m p e r a t u r a d a ¶a g u a , p e s o d a s r o u p a s e

g r a u d e s u je ir a . A p lic a n d o -s e o c o n h e c i m e n t o e m p ¶ ³ r i c o h u m a n o a u m c o n t r o la d o r

fuzzy ¶e p o s s ¶ ³ve l o b t e r a la va g e m d a s r o u p a s g a r a n t in d o -s e m e lh o r u t iliz a »c ~a o d o

e qu ip a m e n t o .

² S i s t e m a s d e A r -Co n d i c i o n a d o

A u t iliz a »c ~a o d e u m c o n t r o l a d o r fuzzy p a r a s i s t e m a s d e a r -c o n d ic io n a d o p e r m i t e

e c o n o m i a e n e r g ¶ e t i c a d e 1 0 a 3 0 % , d e vid o a o b o m a ju s t e d o s is t e m a µa s d ive r -

s a s va r i¶a ve is d e e n t r a d a ( s e n s o r e s d e t e m p e r a t u r a e u m i d a d e ) e a o s a t u a d o r e s

( v¶a lvu la s d e ¶a g u a fr ia , a b e r t u r a d a s t u b u la »c ~o e s , p r e s s ~a o d a s b o m b a s , e n t r e o u -

t r o s ) .

N o ^a m b it o a c a d ^ e m ic o , d e s t a c a m -s e c o m o a p lic a »c ~o e s d a l ¶o g i c a fuzzy o c o n t r o l e d e

m o t o r e s , a n ¶a lis e d e s in a is , d ia g n ¶o t ic o s m ¶ e d i c o s e o c o n t r o le d e r o b ^o s m ¶o ve is ( ve lo c i d a d e

e t r a je t ¶o r i a , p r in c ip a lm e n t e ) [2 1 ].



Cap¶³tulo 3

M etodologia

N e s t e c a p ¶ ³t u lo s e r ~a o a p r e s e n t a d o s u m a a n ¶a lis e d o s r e qu is i t o s d e p r o je t o , a i n -

t e r fa c e d e p r o g r a m a »c ~a o d o r o b ^o X R 4 0 0 0 , a a p lic a »c ~a o d e t e le o p e r a »c ~a o via In t e r n e t e a

a r qu it e t u r a d o s is t e m a a s e r d e s e n vo lvid o .

3.1 Requisitos do P r ojeto

N e s t a s e »c ~a o s e r ~a o a n a lis a d o s o s r e qu is it o s b ¶a s i c o s a s e r e m o b t id o s p e lo p r o je t o ,

a s s im c o m o a d e ¯ n i »c ~a o e s p e c ¶ ³̄ c a d o t r a b a l h o a s e r r e a liz a d o .

S e g u n d o B e i t z [ 2 2 ], a m e t o d o lo g ia d e p r o je t o e m e n g e n h a r ia d e ve s e g u ir a p a r t ir

d a d e ¯ n i»c ~a o d a s n e c e s s id a d e s e c a r a c t e r ¶ ³s t ic a s d e s e j¶a ve is d e u m p r o d u t o o u s o l u »c ~a o .

Co m b a s e n e s t a m e t o d o l o g ia , fo r a m d e ¯ n id o s a lg u n s r e qu is it o s d e p r o je t o , d e fo r m a a

g u i a r o d e s e n vo lvim e n t o d o t r a b a lh o . N a t a b e la 3 .1 e n c o n t r a m -s e o s r e qu is it o s d e ¯ n i d o s

p a r a o s is t e m a d e g u ia g e m d o r o b ^o m ¶o ve l X R 4 0 0 0 . N a t a b e l a a p r e s e n t a d a , N r e p r e -

s e n t a u m a s p e c t o N e c e s s ¶a r i o µa s o l u »c ~a o , e n qu a n t o D r e p r e s e n t a u m a s p e c t o D e s e j¶a ve l

µa m e s m a .

S e g u in d o a m e t o d o lo g ia d e p r o je t o d e ¯ n id a p o r B e it z [2 2 ], a fo r m u la »c ~a o d o p r o b -

le m a d e ve s e r r e a liz a d a a t r a v¶e s d o s s e g u in t e s p a s s o s :

1 . E lim in a »c ~a o d e p r e fe r ^ e n c i a s p e s s o a i s ;

N e s t e c a s o t o d o s o s r e qu is it o s d e s e j¶a ve is s ~a o e lim in a d o s , r e s t a n d o a p e n a s a qu e l e s

n e c e s s ¶a r i o s µa s o l u »c ~a o d o p r o b l e m a .

2 . E lim in a »c ~a o d e r e qu is i t o s s e m r e l a »c ~a o c o m fu n »c ~o e s o u r e s t r i»c ~o e s ;

A p ¶o s e s s e p a s s o r e s t a m o s r e qu is it o s d e movimenta»c~ao remota, \feedback" e evitar

obst¶aculos.

3 . Ge n e r a liz a r o s r e s u l t a d o s d o p a s s o a n t e r i o r ;

2 7
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GRACO Lista de Especī ca»c~oes para o Sistema de Guiagem

Mudan»ca N/D Especi¯ca»c~ao

1. Cinem¶atica

06/09/1999 D Movimentos polares

N Baixa velocidade (seguran»ca)

2. Energia

D Monitora»c~ao n¶³vel baterias

3. Sinais

N Uso de sonares e IR

D N¶³vel baterias

N Movimenta»c~ao remota

N Teleopera»c~ao via Internet

N \Feedback" com imagens e dados sensoriais

4. Seguran»ca

N Evitar obst¶aculos

D Impedir controle simultâneo

D Utilizar dados criptografados

5. Ergonomia

N Interface \amig¶avel"

6. Opera»c~ao

N Utiliza»c~ao simples

D Conversa»c~ao com sintetizador de voz

N Autonomia no ambiente

D Controle da câmera de v¶³deo

7. Manuten»c~ao

N Documenta»c~ao dos programas

D Recarga autom¶atica das baterias

Ta b e la 3 . 1 : R e qu is it o s p a r a o s i s t e m a .

A p ¶o s a g e n e r a liz a »c ~a o d o s r e qu is i t o s a n t e r io r e s , o b t ¶ e m -s e : envio e recep»c~ao de

sinais do robô ; e evitar obst¶aculos.

4 . Fo r m u la »c ~a o d o p r o b l e m a .

A fo r m u la »c ~a o g e n ¶ e r ic a d o p r o b le m a ¶e e n t ~a o e s t a b e le c id a : enviar e receber sinais

de um robô autônomo.

A p ¶o s a fo r m u l a »c ~a o d o p r o b le m a , r e c o m e n d a -s e a a m p lia »c ~a o d a m e s m a , a t r a v¶ e s

d e e s p e c ī c a »c ~o e s m a is a m p l a s :
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² \ c o m u n i c a r c o m u m r o b ^o a u t ^o n o m o " ;

² \ c o m u n i c a r c o m u m r o b ^o " ;

² \ c o m u n i c a r c o m u m c o m p u t a d o r " ;

² \ t e le c o m u n i c a »c ~a o " ;

Co n c l u i-s e , a t r a v¶ e s d a m e t o d o lo g i a d e p r o je t o d e B e it z [ 2 2 ], qu e a s o l u »c ~a o d o

p r e s e n t e p r o je t o e n c o n t r a -s e p r i n c i p a l m e n t e e m u m a s o l u »c ~a o d e telecomunica»c~oes, s e m

n o e n t a n t o i g n o r a r o u s u b e s t i m a r a s p e c t o s d e e n g e n h a r ia e xis t e n t e s n o s i s t e m a .

3.2 A I nter face de P r ogr ama»c~ao do Robô N omadic

XR4000

O r o b ^o X R 4 0 0 0 ¶ e p r o g r a m a d o a t r a v¶e s d e u m a in t e r fa c e b a s e a d a n a a r qu it e t u r a

d e \ s o ft wa r e " d e s e n vo lvid a p e la N o m a d ic , d e n o m i n a d a \Xtreme R obotics D evelopment

E nvironment", o u X R D e v [2 3 ]. X R D e v ¶ e u m a a r qu it e t u r a m u lt i-p r o c e s s o , fa z e n d o u m a

a p lic a »c ~a o X R D e v s e r c o n s t it u ¶ ³d a d e v¶a r io s p r o c e s s o s fu n c io n a n d o s im u lt a n e a m e n t e . H ¶a

t r ^ e s t i p o s d e p r o c e s s o s n a a r qu it e t u r a :

² Nrobot, ¶ e o p r o c e s s o s e r vid o r qu e s e c o m u n ic a c o m o \ h a r d wa r e " d o r o b ^o , e n -

via n d o e r e c e b e n d o c o m a n d o s d o u s u ¶a r io ;

² Ngui, qu e r e a liz a u m a in t e r fa c e g r ¶a ¯ c a e n t r e o r o b ^o e o u s u ¶a r io ;

² P r o c e s s o s c r ia d o s p e lo u s u ¶a r io , a c e s s a n d o p r o c e s s o s d o r o b ^o a t r a v¶ e s d e Nrobot.

O r o b ^o ¶ e p r o g r a m a d o a t r a v¶ e s d a u t iliz a »c ~a o d e u m a b ib lio t e c a e m lin g u a g e m C [2 4 ]

fo r n e c i d a p e l a N o m a d ic , d e n o m i n a d a N c l i e n t . h . E s t a b ib lio t e c a c o n t ¶e m a e s p e c i ¯ -

c a »c ~a o d e c o m a n d o s e e s t r u t u r a s d e d a d o s r e s p o n s ¶a ve is p e l a c o m u n i c a »c ~a o robô-usu¶ario.

3.2.1 Comunica»c~ao com o Robô

O p r o g r a m a d e s e n vo lvid o p e l o u s u ¶a r i o d e ve in ic i a l m e n t e c o n e c t a r -s e c o m o r o b ^o ,

a t r a v¶e s d o c o m a n d o N _ I n i t i a l i z e C l i e n t . E s s e c o m a n d o a b r e u m c a n a l d e c o m u n i-

c a »c ~a o ( d e n o m in a d o \ s o c ke t " ) e n t r e o p r o g r a m a e o r o b ^o . A s in t a xe d e s t e c o m a n d o

¶ e :

i n t N _ I n i t i a l i z e C l i e n t ( c o n s t c h a r * s c h e d u l e r _ h o s t n a m e ,

u n s i g n e d s h o r t s c h e d u l e r _ s o c k e t )
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o n d e sheduler _ hostname c o n t ¶e m o n o m e d o r o b ^o n a r e d e ( n o r o b ^o u t iliz a d o ,

l o w e r . g r a c o . u n b . b r ) , e scheduler _ socket in d i c a o c a n a l d e c o m u n ic a »c ~a o TCP / IP ( n o

c a s o , 7 0 7 3 ) .

A p ¶o s a b e r t o o c a n a l d e c o m u n ic a »c ~a o , o p r o g r a m a d e ve in i c i a r a c o m u n ic a »c ~a o

a t r a v¶e s d o c o m a n d o N _ C o n n e c t R o b o t . Fin d o o t r a b a l h o c o m o r o b ^o , d e ve -s e u t iliz a r

d o c o m a n d o N _ D i s c o n n e c t R o b o t p a r a fe c h a r a c o m u n i c a »c ~a o c o m o m e s m o . E s s e s

c o m a n d o s p o s s u e m a s s e g u in t e s s i n t a xe s :

i n t N _ C o n n e c t R o b o t ( l o n g R o b o t I D )

i n t N _ D i s c o n n e c t R o b o t ( l o n g R o b o t I D )

o n d e R obotID ¶ e o n ¶u m e r o d e id e n t i ¯ c a »c ~a o d o r o b ^o ( u s u a l m e n t e c o m o va lo r 1 ) .

3.2.2 A E str utur a de Dados do Robô

A p r o g r a m a »c ~a o d o r o b ^o X R 4 0 0 0 ¶ e r e a liz a d a a t r a v¶e s d a l e it u r a e e s c r i t a d e d a d o s

s o b r e u m a e s t r u t u r a d e d a d o s , d e n o m in a d a N _ R o b o t S t a t e . E s s a e s t r u t u r a c o n t ¶ e m t o d a

a in t e r fa c e d e c o m u n ic a »c ~a o e n t r e o \ s o ft wa r e " e o \ h a r d wa r e " d o r o b ^o , s e n d o d e ¯ n id a

d a s e g u in t e fo r m a :

s t r u c t N _ R o b o t S t a t e

{

N _ C O N S T l o n g R o b o t I D ;

N _ C O N S T c h a r R o b o t T y p e ;

s t r u c t N _ I n t e g r a t o r I n t e g r a t o r ;

s t r u c t N _ A x i s S e t A x i s S e t ;

s t r u c t N _ L i f t C o n t r o l l e r L i f t C o n t r o l l e r ;

s t r u c t N _ J o y s t i c k J o y s t i c k ;

s t r u c t N _ S o n a r C o n t r o l l e r S o n a r C o n t r o l l e r ;

s t r u c t N _ I n f r a r e d C o n t r o l l e r I n f r a r e d C o n t r o l l e r ;

s t r u c t N _ B u m p e r C o n t r o l l e r B u m p e r C o n t r o l l e r ;

s t r u c t N _ C o m p a s s C o m p a s s ;

s t r u c t N _ L a s e t S e t L a s e r S e t ;

s t r u c t N _ S 5 5 0 S e t S 5 5 0 S e t ;

s t r u c t N _ B a t t e r y S e t B a t t e r y S e t ;

s t r u c t N _ T i m e r T i m e r ;

} ;
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O a c e s s o a N _ R o b o t S t a t e ¶e o b t i d o a t r a v¶ e s d o c o m a n d o N _ G e t R o b o t S t a t e , c u ja

s i n t a xe ¶ e m o s t r a d a a b a ixo , d e c la r a d o n o in ¶ ³c io d o p r o g r a m a .

s t r u c t N _ R o b o t S t a t e * N _ G e t R o b o t S t a t e ( l o n g R o b o t I D ) ;

A s e g u i r , o u s u ¶a r i o ¶e c a p a z d e le r d a d o s d a e s t r u t u r a | c o m a fa m ¶ ³lia d e c o m a n d o s

G e t . . . | o u a t u a liz a r d a d o s d a e s t r u t u r a | c o m a fa m ¶ ³lia d e c o m a n d o s S e t . . . .

N o s t ¶o p i c o s s e g u in t e s s e r ~a o m o s t r a d o s o s c o m a n d o s e e s t r u t u r a s r e s p o n s ¶a ve is p e lo

c o n t r o l e d o r o b ^o X R 4 0 0 0 .

M ovimenta»c~ao do Robô

O c o n t r o l e c i n e m ¶a t ic o d o r o b ^o | o u s e ja , p o s i »c ~a o , ve lo c id a d e e a c e le r a »c ~a o | ¶e

o b t id o a t r a v¶ e s d a e s t r u t u r a N _ A x i s S e t , qu e c o n t ¶e m r e fe r ^e n c i a a c a d a u m d o s e ixo s d e

m o vim e n t o d o r o b ^o ( X , Y e µ ) :

s t r u c t N _ A x i s S e t

{

B O O L G l o b a l ;

u n s i g n e d c h a r S t a t u s ;

N _ C O N S T u n s i g n e d i n t A x i s C o u n t ;

s t r u c t N _ A x i s A x i s [ N _ M A X _ A X I S _ C O U N T ] ;

} ;

N a va r i ¶a ve l G l o b a l p o d e m s e r u t iliz a d o s d o is va lo r e s : TR UE , s ig n i ¯ c a n d o m o d o

g l o b a l, o n d e o r o b ^o p o s s u i u m a r e fe r ^ e n c ia ¯ xa n o s o lo p a r a a r e a liz a »c ~a o d o s m o vim e n t o s ,

e F AL SE , r e p r e s e n t a n d o o m o vim e n t o d a s ju n t a s , n a qu a l a r e fe r ^e n c i a ¶ e ¯ xa d a n o c o r p o

d o r o b ^o .

A e s t r u t u r a N _ A x i s c o n t ¶ e m in fo r m a »c ~o e s s o b r e c a d a u m d o s e ixo s d e m o vim e n -

t a »c ~a o :

s t r u c t N _ A x i s

{

B O O L D a t a A c t i v e ;

B O O L T i m e S t a m p A c t i v e ;

B O O L U p d a t e ;

u n s i g n e d l o n g T i m e S t a m p ;

c h a r M o d e ;

l o n g D e s i r e d P o s i t i o n ;

l o n g D e s i r e d S p e e d ;
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l o n g A c c e l e r a t i o n ;

l o n g T r a j e c t o r y P o s i t i o n ;

l o n g T r a j e c t o r y V e l o c i t y ;

l o n g A c t u a l P o s i t i o n ;

l o n g A c t u a l V e l o c i t y ;

B O O L I n P r o g r e s s ;

} ;

Ob s e r va -s e d o s n o m e s d a s va r i ¶a ve is , c o m o D e s i r e d P o s i t i o n , qu e a u t iliz a »c ~a o

d e s t a e s t r u t u r a ¶ e d e f¶a c il c o m p r e e n s ~a o . O a c e s s o a e s s a e s t r u t u r a ¶e r e a liz a d o a t r a v¶ e s

d o s c o m a n d o s S e t _ A x e s e G e t _ A x e s , qu e p o s s u e m a s s e g u i n t e s s i n t a xe s :

i n t N _ S e t A x e s ( l o n g R o b o t I D ) ;

i n t N _ G e t A x e s ( l o n g R o b o t I D ) ;

P osi»c~ao do Robô

O r o b ^o X R 4 0 0 0 p o s s u i in t e r n a m e n t e u m s is t e m a d e a u t o -lo c a liz a »c ~a o n o a m b ie n t e ,

b a s e a d o n a g e o m e t r ia e m o vim e n t o s r e a liz a d o s . D e s s a fo r m a , o s i s t e m a c a lc u la c o n t i-

n u a m e n t e a s p o s i »c ~o e s X , Y e µ c o m b a s e n u m a r e fe r ^e n c ia in ic i a l n o p i s o ( e s s a e s t im a t iva

d e p o s i »c ~a o ¶ e d e n o m in a d a \ d e a d -r e c ko n in g " ) . E m b o r a e s s a in fo r m a »c ~a o s e ja a fe t a d a

p o r p r o b le m a s c o m o o e s c o r r e g a m e n t o d a s r o d a s n o s o l o e d a im p e r fe i»c ~a o d o m o d e lo

c i n e m ¶a t ic o , e s s e s d a d o s s ~a o ¶u t e i s c o m o p r im e i r a a p r o xim a »c ~a o d a p o s i»c ~a o d o r o b ^o n o

a m b ie n t e .

E s s a s in fo r m a »c ~o e s s ~a o r e g i s t r a d a s n a e s t r u t u r a N _ I n t e g r a t o r , d e ¯ n id a c o m o :

s t r u c t N _ I n t e g r a t o r

{

B O O L D a t a A c t i v e ;

B O O L T i m e S t a m p A c t i v e ;

l o n g x ;

l o n g y ;

l o n g S t e e r i n g ;

l o n g R o t a t i o n ;

u n s i g n e d l o n g T i m e S t a m p ;

} ;

Os c o m a n d o s u t iliz a d o s p a r a o b t e r e s s e s d a d o s o u a t u a liz ¶a -lo s s ~a o , r e s p e c t i-

va m e n t e , N _ G e t I n t e g r a t e d C o n f i g u r a t i o n e N _ S e t I n t e g r a t e d C o n f i g u r a t i o n , c u ja s

s i n t a xe s s ~a o d a d a s a s e g u ir :
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i n t N _ G e t I n t e g r a t e d C o n f i g u r a t i o n ( l o n g R o b o t I D ) ;

i n t N _ S e t I n t e g r a t e d C o n f i g u r a t i o n ( l o n g R o b o t I D ) ;

Sensor es

Os t r ^e s t i p o s d e s e n s o r e s d o X R 4 0 0 0 | t ¶a t il, d e i n fr a ve r m e l h o e u lt r a s o m | s ~a o

c o n t r o l a d o s d e fo r m a s e m e lh a n t e n o s e u a s p e c t o g e o m ¶e t r i c o . Co m o p o d e s e r vis t o n a

¯ g u r a 3 . 1 , o s s e n s o r e s d o r o b ^o s ~a o d i s p o s t o s n o a n e l n a fo r m a d e c o n ju n t o s c o n t e n d o

o i t o s e n s o r e s ( n u m e r a d o s d e 0 a 7 ) . E s s e s s e is c o n ju n t o s , n u m e r a d o s d e 0 a 5 , s ~a o

lo c a liz a d o s n a s t r ^ e s p o r t a s d o r o b ^o , s e n d o t r ^e s n a p a r t e s u p e r io r ( 0 , 2 e 4 ) , e t r ^ e s n a

p a r t e i n fe r io r ( 1 , 3 e 5 ) . A s e g u i r c a d a u m a d a s i n t e r fa c e s d o s s e n s o r e s ¶ e m o s t r a d a

s e p a r a d a m e n t e .

Fig u r a 3 .1 : \ A n e l" d e s e n s o r e s d o r o b ^o X R 4 0 0 0 .

² S e n s o r e s T¶a t e is

A i n fo r m a »c ~a o s o b r e c o lis ~o e s d o r o b ^o c o m o a m b i e n t e ¶e r e g is t r a d a n a e s t r u t u r a

N _ B u m p e r C o n t r o l l e r , d e ¯ n i d a c o m o :

s t r u c t N _ B u m p e r C o n t r o l l e r

{

N _ C O N S T u n s i g n e d i n t B u m p e r S e t C o u n t ;

s t r u c t N _ B u m p e r S e t B u m p e r S e t [ N _ M A X _ B U M P E R _ S E T _ C O U N T ] ;

} ;

A e s t r u t u r a N _ B u m p e r S e t c o n t ¶ e m r e fe r ^e n c i a a c a d a u m d o s c o n ju n t o s d e s e n s o r e s ,

s e n d o d e ¯ n id a c o m o :
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s t r u c t N _ B u m p e r S e t

{

B O O L D a t a A c t i v e ;

B O O L T i m e S t a m p A c t i v e ;

N _ C O N S T u n s i g n e d i n t B u m p e r C o u n t ;

s t r u c t N _ B u m p e r B u m p e r [ N _ M A X _ B U M P E R _ C O U N T ] ;

} ;

A le it u r a d e c a d a u m d o s s e n s o r e s d e c o lis ~a o , c o n t id a n a e s t r u t u r a N _ B u m p e r ,

e s t ¶a c o n t i d a n a va r i ¶a ve l R e a d i n g , p o d e n d o t e r o s va lo r e s N _ B U M P E R N O N E ( s e m

c o lis ~a o ) , N _ B U M P E R L O W ( c o lis ~a o fr a c a ) o u N _ B U M P E R H I G H ( p a r a c o lis ~a o fo r t e ) . E s s a

e s t r u t u r a ¶e d e ¯ n id a c o m o :

s t r u c t N _ B u m p e r

{

c h a r R e a d i n g ;

u n s i g n e d l o n g T i m e S t a m p ;

} ;

Os d a d o s d a e s t r u t u r a N _ B u m p e r C o n t r o l l e r s ~a o a t u a liz a d o s a t r a v¶ e s d a c h a m a d a

d a fu n »c ~a o N _ G e t B u m p e r , c u ja s in t a xe ¶ e d a d a a s e g u ir :

i n t N _ G e t B u m p e r ( l o n g R o b o t I D ) ;

² S e n s o r e s p o r In fr a ve r m e lh o

A e s t r u t u r a N _ I n f r a r e d C o n t r o l l e r , d e ¯ n id a a b a ixo , c o n t ¶e m a in fo r m a »c ~a o d o s

s e n s o r e s in fr a ve r m e lh o s .

s t r u c t N _ I n f r a r e d C o n t r o l l e r

{

B O O L I n f r a r e d P a u s e d ;

N _ C O N S T u n s i g n e d i n t I n f r a r e d S e t C o u n t ;

s t r u c t N _ I n f r a r e d S e t I n f r a r e d S e t [ N _ M A X _ I N F R A R E D _ S E T _ C O U N T ] ;

} ;

A va r i¶a ve l I n f r a r e d P a u s e d c o n t r o l a o fu n c io n a m e n t o d o s s e n s o r e s , a t iva n d o -o s

qu a n d o p o s s u i u m va lo r F A L S E . A e s t r u t u r a N _ I n f r a r e d S e t c o n t ¶ e m in fo r m a »c ~o e s

s o b r e o s c o n ju n t o s d e s e n s o r e s , p o s s u i n d o a s e g u in t e d e ¯ n i»c ~a o :
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s t r u c t N _ I n f r a r e d S e t

{

B O O L D a t a A c t i v e ;

B O O L T i m e S t a m p A c t i v e ;

N _ C O N S T u n s i g n e d i n t I n f r a r e d C o u n t ;

s t r u c t N _ I n f r a r e d I n f r a r e d [ N _ M A X _ I N F R A R E D _ C O U N T ] ;

} ;

A e s t r u t u r a N _ I n f r a r e d p o s s u i o s d a d o s d e le it u r a s d e c a d a u m d o s s e n s o r e s ,

in d ivid u a l m e n t e . S u a d e ¯ n i »c ~a o ¶e d a d a p o r :

s t r u c t N _ I n f r a r e d

{

l o n g R e a d i n g ;

u n s i g n e d l o n g T i m e S t a m p ;

} ;

O va lo r d a va r i¶a ve l R e a d i n g va r ia d e 0 a 2 5 5 , s e n d o 0 e qu iva le n t e a n e n h u m a

r e c e p »c ~a o d e l u z r e ° e t i d a , e 2 5 5 c o m o u m a r e ° e x~a o m ¶a xim a d e lu z , o qu e in d ir e -

t a m e n t e s ig n ī c a a p r o xim id a d e d o o b je t o n o a m b i e n t e .

A a t u a liz a »c ~a o d a e s t r u t u r a N _ I n f r a r e d C o n t r o l l e r ¶ e r e a liz a d a a t r a v¶ e s d a fu n »c ~a o

N _ G e t I n f r a r e d , qu e p o s s u i a s e g u in t e s in t a xe :

i n t N _ G e t I n f r a r e d ( l o n g R o b o t I D ) ;

² S e n s o r e s p o r U lt r a s o m

Os d a d o s o b t i d o s a t r a v¶e s d o s is t e m a d e u lt r a s o m s ~a o a r m a z e n a d o s n a e s t r u t u r a

N _ S o n a r C o n t r o l l e r , d e ¯ n id a c o m o :

s t r u c t N _ S o n a r C o n t r o l l e r

{

N _ C O N S T u n s i g n e d i n t S o n a r S e t C o u n t ;

s t r u c t N _ S o n a r S e t S o n a r S e t [ N _ M A X _ S O N A R _ S E T _ C O U N T ] ;

B O O L S o n a r P a u s e d ;

} ;

A e s t r u t u r a N _ S o n a r S e t a r m a z e n a a s in fo r m a »c ~o e s r e la t iva s a o s c o n ju n t o s d e s e n -

s o r e s , p o s s u i n d o a s e g u in t e d e ¯ n i »c ~a o :
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s t r u c t N _ S o n a r S e t

{

u n s i g n e d i n t F i r i n g O r d e r [ N _ M A X _ S O N A R _ C O U N T + 1 ] ;

l o n g F i r i n g D e l a y ;

l o n g B l a n k i n g I n t e r v a l ;

B O O L D a t a A c t i v e ;

B O O L T i m e S t a m p A c t i v e ;

N _ C O N S T u n s i g n e d i n t S o n a r C o u n t ;

s t r u c t N _ S o n a r S o n a r [ N _ M A X _ S O N A R _ C O U N T ] ;

} ;

A va r i¶a ve l F i r i n g O r d e r a r m a z e n a a s e qÄu ^ e n c i a d e d is p a r o d o s s o n a r e s , p e r m i t i n -

d o qu e d ive r s a s e s t r a t ¶ e g i a s d e a t u a liz a »c ~a o d o s d a d o s s e ja m o b t i d a s . A va r i¶a ve l

F i r i n g D e l a y d e ¯ n e o in t e r va lo d e t e m p o , e m m ilis e g u n d o s , e n t r e o s d i s p a r o s

d o s s e n s o r e s , r e g u la n d o a s s im a ve lo c id a d e d o s m e s m o s p a r a o b t e r d a d o s s o b r e a

d i s t ^a n c i a d e o b je t o s d o a m b i e n t e .

A e s t r u t u r a N _ S o n a r r e g i s t r a e m s u a va r i ¶a ve l R e a d i n g a d i s t ^a n c i a , e m m il¶ ³m e t r o s ,

d o o b je t o m a is p r ¶o xim o a u m d e t e r m i n a d o s e n s o r . E s s a e s t r u t u r a ¶e d e ¯ n id a c o m o :

s t r u c t N _ S o n a r

{

l o n g R e a d i n g ;

u n s i g n e d l o n g T i m e S t a m p ;

} ;

A e s t r u t u r a N _ S o n a r C o n t r o l l e r p o d e s e r lid a o u a t u a liz a d a a t r a v¶ e s d e t r ^ e s

fu n »c ~o e s p r in c ip a is : N _ G e t S o n a r , qu e r e c e b e o s d a d o s d a s le it u r a s d o s s o n a r e s ;

N _ G e t S o n a r C o n f i g u r a t i o n , qu e l̂e o s d a d o s d e c o n ¯ g u r a »c ~a o d o s s e n s o r e s ; e

N _ S e t S o n a r C o n f i g u r a t i o n , qu e a t u a liz a a c o n ¯ g u r a »c ~a o d o s m e s m o s . E s s a s

fu n »c ~o e s p o s s u e m a s s e g u i n t e s s in t a xe s :

i n t N _ G e t S o n a r ( l o n g R o b o t I D ) ;

i n t N _ G e t S o n a r C o n f i g u r a t i o n ( l o n g R o b o t I D ) ;

i n t N _ S e t S o n a r C o n f i g u r a t i o n ( l o n g R o b o t I D ) ;
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B ater ias

O s is t e m a d e a lim e n t a »c ~a o d o r o b ^o , c o m p o s t o d e qu a t r o b a t e r ia s , p o d e s e r ve r i ¯ -

c a d o p e l o u s u ¶a r io a t r a v¶ e s d a e s t r u t u r a N _ B a t t e r y S e t , d e ¯ n id a c o m o :

s t r u c t N _ B a t t e r y S e t

{

s t r u c t N _ B a t t e r y B a t t e r y [ N _ M A X _ B A T T E R Y _ C O U N T ] ;

B O O L D a t a A c t i v e ;

} ;

U t iliz a n d o o c o m a n d o N _ G e t B a t t e r y o b t ¶e m -s e n a e s t r u t u r a o va lo r d a t e n s ~a o d a s

b a t e r i a s , d a d a s e m m ilivo lt s .

i n t N _ G e t B a t t e r y ( l o n g R o b o t I D ) ;

Sintetizador de Voz

O r o b ^o X R 4 0 0 0 p o s s u i u m s in t e t i z a d o r d e vo z , p e r m i t i n d o qu e t e xt o s e m i n g l̂ e s

s e ja m t r a n s fo r m a d o s e m fo n e m a s p a r a a s a ¶ ³d a d e ¶a u d io . P a r a is s o ¶e u t iliz a d o o c o m a n d o

N _ S p e a k , c u ja s in t a xe ¶e d a d a a s e g u i r :

i n t N _ S p e a k ( u n s i g n e d l o n g R o b o t I D , c h a r * T e x t ) ;

3.3 T eleoper a»c~ao via I nter net

A t e le o p e r a »c ~a o b a s e a d a n a In t e r n e t p o d e s e r r e a liz a d a a t r a v¶e s d e v¶a r i a s m e t o d o l o -

g i a s . D e n t r e a s qu a is d e s t a c a m -s e :

² A c e s s o R e m o t o via \ Te ln e t "

U m a fo r m a d e s e o b t e r o a c e s s o a u m s i s t e m a t e le o p e r a d o via In t e r n e t ¶e a c o n e x~a o

d i r e t a d o u s u ¶a r io via in t e r fa c e \ t e ln e t " , a m p l a m e n t e d i s p o n ¶ ³ve l e m a m b ie n t e s d e

r e d e . A s i m p lic id a d e d e o p e r a »c ~a o ¶ e p e r d id a p e lo fa t o d e s e n e c e s s i t a r d e c o n t a s

d e u s u ¶a r i o s n a s m ¶a qu in a s s e r vid o r a s , o qu e ¶ e in vi¶a ve l d e n t r o d e u m s is t e m a d e

a m p l a a b r a n g ^ e n c ia , e s e r m a i s s u s c e p t ¶ ³ve l a fa lh a s d e s e g u r a n »c a .

² P r o g r a m a »c ~a o CGI - \ Co m m o n Ga t e wa y In t e r fa c e "

A p r o g r a m a »c ~a o CGI c o m b a s e e m p ¶a g in a s H TML ( \ H i p e r Te xt Ma r ku p L a n -

g u a g e " ) ¶ e a a b o r d a g e m m a is u t iliz a d a n o m o m e n t o p a r a o c o n t r o le d e s is t e m a s

a t r a v¶ e s d a In t e r n e t , b a s e a d a n a in t e r fa c e W W W ( \ W o r ld W i d e W e b " ) [2 5 ]. A

s u a d e s va n t a g e m ¶e a lim it a »c ~a o d e i n t e r a t ivid a d e c o m o u s u ¶a r io , e p e l o fa t o d e

s o b r e c a r r e g a r o s e r vid o r .
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² P r o g r a m a »c ~a o Ja va

A lin g u a g e m Ja va , a t r a v¶ e s d e s e u s a p lic a t ivo s W W W \ a p p l e t s " , s ~a o a fo r m a m a is

a t u a l d e p r o g r a m a »c ~a o p a r a a I n t e r n e t . S u a s va n t a g e n s in c lu e m a in t e r a t ivid a d e

c o m o u s u ¶a r io , a f¶a c il p r o g r a m a »c ~a o e a s u a n a t u r e z a vo lt a d a p a r a a In t e r n e t .

S u a d e s va n t a g e m p r i n c i p a l ¶e a ve lo c id a d e d e o p e r a »c ~a o , a l¶e m d o t e m p o p a r a a

in ic ia liz a »c ~a o d o s \ a p p le t s " .

A s e g u i r s e r ¶a e xp lic it a d a e m m a io r e s d e t a lh e s a lin g u a g e m Ja va c o m o i n t e r fa c e

d e p r o g r a m a »c ~a o p a r a t e l e o p e r a »c ~a o via In t e r n e t .

3.3.1 A Linguagem de P r ogr ama»c~ao Java

Ja va , a l¶ e m d e u m a lin g u a g e m d e p r o g r a m a »c ~a o , ¶e t a m b ¶ e m u m a p l a t a fo r m a c o m -

p u t a c i o n a l [2 6 ]. Co m o lin g u a g e m d e p r o g r a m a »c ~a o d e a l t o n ¶ ³ve l, a p r e s e n t a a s s e g u i n t e s

c a r a c t e r ¶ ³s t ic a s :

² S i m p le s

A o c o n t r ¶a r i o d e o u t r a s lin g u a g e n s d e p r o g r a m a »c ~a o o r i e n t a d a s a o b je t o s ( c o m o

o C++) , Ja va a p r e s e n t a s i m p li¯ c a »c ~o e s n o a r m a z e n a m e n t o e g e r e n c i a m e n t o d e

d a d o s qu e p e r m it e m m a io r fa c ilid a d e d e a p r e n d iz a d o e d e s e n vo lvim e n t o d e p r o -

g r a m a s .

² Or ie n t a d a a o b je t o s

A p r o g r a m a »c ~a o o r ie n t a d a a o b je t o s ¶ e a t ¶e c n ic a qu e e n fo c a o s d a d o s e s u a s

r e la »c ~o e s c o m o s d e m a i s d a d o s , p e r m it in d o u m a p r o g r a m a »c ~a o m a is \ in t u it iva "

e c o m m a io r e s p o s s ib ilid a d e s d e r e u t iliz a »c ~a o d e c ¶o d i g o .

² D i s t r ib u ¶ ³d a

A in t e g r a »c ~a o d e Ja va c o m a In t e r n e t o u s is t e m a s d e c o m u n ic a »c ~a o via r e d e s ¶e

fa c ilit a d a p e la a m p l a d is p o n ib ilid a d e d e b ib lio t e c a s d e s t i n a d a s a e s s e ¯ m .

² R o b u s t a

A o c o n t r ¶a r io d e lin g u a g e m c o m o o C e C++, Ja va n ~a o u t iliz a p o n t e i r o s , d e

fo r m a qu e u m p r o g r a m a a p r e s e n t a m ¶ ³n i m a s c h a n c e s d e t e r s u a ¶a r e a d e c ¶o d i g o

c o r r o m p id a p o r m a n ip u la »c ~o e s i n d e vid a s d e m e m ¶o r ia .

² S e g u r a

Co m o Ja va ¶ e d e s t i n a d a µa u t iliz a »c ~a o e m a m b i e n t e s d e r e d e , a s e g u r a n »c a ¶e u m a

g r a n d e ^e n fa s e n o p r o je t o d a lin g u a g e m .



Guiagem do Robô M¶ovel XR4000 via Internet 3 9

² A r qu it e t u r a n e u t r a

P r o g r a m a s Ja va s ~a o d e s e n vo lvid o s p a r a fu n c i o n a r s o b r e a M¶a qu in a V ir t u a l Ja va

( JV M - Ja va V ir t u a l Ma c h i n e ) , d e fo r m a qu e o s e u fu n c i o n a m e n t o in d e p e n d e d a

a r qu it e t u r a d o c o m p u t a d o r e m qu e ¶e u t iliz a d o .

² P o r t ¶a ve l

Co m o Ja va ¶ e u m a lin g u a g e m qu e i n d e p e n d e d a a r qu it e t u r a , n ~a o p o s s u i d e t a l h e s

d e im p l e m e n t a »c ~a o qu e r e s t r in g e m a s u a p o r t a b ilid a d e e n t r e d ive r s a s m ¶a qu in a s e

s i s t e m a s o p e r a c io n a i s .

² In t e r p r e t a d a

A c o m p ila »c ~a o d e u m p r o g r a m a Ja va g e r a u m a r qu ivo c o n t e n d o \ b yt e c o d e s " , qu e

s ~a o c o m p r e e n d i d o s e in t e r p r e t a d o s e m t e m p o r e a l p e l a JV M.

² A lt a \ P e r fo r m a n c e "

Qu a n d o n e c e s s ¶a r io , o s c ¶o d i g o s Ja va p o d e m s e r c o n ve r t i d o s d i r e t a m e n t e p a r a o s

c ¶o d ig o s n a t ivo s d a m ¶a qu in a u t iliz a d a , a u m e n t a n d o s u a e ¯ c î e n c ia c o m p u t a c i o n a l.

² Mu lt ip r o c e s s a d a

P r o g r a m a s Ja va p o d e m s e r d e s e n vo lvid o s u t iliz a n d o o c o n c e it o d e p r o c e s s a m e n t o

m ¶u lt ip lo , n a qu a l o p r o g r a m a ¶ e s u b -d ivid o e m t a r e fa s qu e p o d e m s e r r e a liz a d a s

\ s im u lt a n e a m e n t e " p e lo c o m p u t a d o r .

² D i n ^a m ic a

A u t iliz a »c ~a o d e b ib lio t e c a s n a lin g u a g e m Ja va ¶ e s i m p li¯ c a d a , n ~a o n e c e s s it a n d o

d e s e r e c o m p ila r o s p r o g r a m a s j¶a e xis t e n t e s qu a n d o o c ¶o d i g o d e u m a b ib lio t e c a ¶e

a t u a liz a d o .

U m a p l a t a fo r m a ¶e o a m b ie n t e b a s e a d o e m \ h a r d wa r e " o u \ s o ft wa r e " n a qu a l u m

p r o g r a m a fu n c io n a . A p la t a fo r m a Ja va , d ife r e n t e d a s d e m a is , ¶ e c o m p o s t a p o r :

² M¶a qu in a V i r t u a l Ja va ( JV M) ;

² In t e r fa c e d e P r o g r a m a »c ~a o p a r a A p lic a »c ~o e s - Ja va A P I ( \ Ja va A p p lic a t io n P r o -

g r a m m i n g In t e r fa c e " ) ;

O Ja va A P I ¶ e c o m p o s t o d e d ive r s a s b ib lio t e c a s o u p a c o t e s , r e s p o n s ¶a ve is p e l a s

in t e r fa c e s g r ¶a ¯ c a s p a r a u s u ¶a r io s ( GU I - \ Gr a p h i c a l U s e r In t e r fa c e " ) , a l¶ e m d e o u t r a s

u t ilid a d e s g e r a i s .
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3.4 Ar quitetur a do Sistema

N e s t a s e »c ~a o ¶e a p r e s e n t a d a a a r qu it e t u r a d o s is t e m a a s e r d e s e n vo lvid o , a t r a v¶ e s

d o d e s e n vo lvim e n t o d o m o d e lo d e c o m u n i c a »c ~a o c lie n t e -s e r vid o r .

Co m b a s e n o s m o d e l o s a p r e s e n t a d o s a n t e r i o r m e n t e , o s is t e m a d e t e le o p e r a »c ~a o a

s e r d e s e n vo lvid o p o d e s e r c la s s i ¯ c a d o c o m o :

² Co n t r o le m a n u a l c o m a u x¶ ³lio c o m p u t a c io n a l;

² Mo d e lo m e s t r e -e s c r a vo / s u p e r vis o r -c o m p a n h e ir o ;

² A m b ie n t e r e m o t o p a r c ia lm e n t e m o d e l a d o ;

O d e s e n vo lvim e n t o d a a r qu it e t u r a d o s i s t e m a t e r ¶a c o m o b a s e o s a s p e c t o s t e ¶o r i c o s

a c i m a a p r e s e n t a d o s .

A ¯ g u r a 3 .2 a p r e s e n t a u m e s qu e m a s i m p li¯ c a d o d a a r qu it e t u r a d o s i s t e m a d e

g u i a g e m p a r a o r o b ^o m ¶o ve l N o m a d X R 4 0 0 0 . P o d e s e r o b s e r va d o qu e , c o m b a s e n o

m o d e lo , o r o b ^o r e p r e s e n t a o s e r vid o r , e n qu a n t o qu e o u s u ¶a r i o ¶e o c lie n t e , s e n d o i n t e r li-

g a d o s a t r a v¶e s d a r e d e In t e r n e t .

Fig u r a 3 .2 : A r qu it e t u r a s im p lī c a d a .

Co m o fo i vis t o a n t e r io r m e n t e , a p r o g r a m a »c ~a o d o r o b ^o ¶ e r e a liz a d a n a lin g u a g e m C,

e n qu a n t o a p r o g r a m a »c ~a o vo lt a d a p a r a a In t e r n e t ¶e fe it a e m Ja va . Is t o n ~a o s e c o n s t it u i

u m p r o b l e m a , vis t o qu e a m b a s a s lin g u a g e n s s ~a o a p t a s a s e c o m u n i c a r e m a t r a v¶ e s d e

\ s o c ke t s " .

3.4.1 M ¶odulos P r incipais do Sistema

A ¯ g u r a 3 . 2 a p r e s e n t o u u m e s qu e m a s im p li¯ c a d o d a a r qu it e t u r a d o s is t e m a . N a

¯ g u r a 3 . 3 ¶ e a p r e s e n t a d a a e s t r u t u r a d e t a lh a d a d o s i s t e m a , b a s e a d a n o t r a b a l h o d e

¶A lva r e s [ 2 7 ], o n d e s ~a o m o s t r a d o s o s s e u s p r in c ip a is m ¶o d u l o s .

Co m b a s e n a ¯ g u r a 3 . 3 p o d e m s e r d e ¯ n i d o s o s s e g u in t e s m ¶o d u l o s :

² R o b ^o X R 4 0 0 0

N e s t e m ¶o d u lo e s t ~a o o s s u b s is t e m a s d e s e r vid o r d e v¶ ³d e o e s e r vid o r d e c o n t r o le ,

a m b o s p r o g r a m a d o s n a lin g u a g e m C. O s e r vid o r d e v¶ ³d e o ¶ e r e s p o n s ¶a ve l p e la
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Fig u r a 3 . 3 : A r qu it e t u r a d e t a lh a d a .

c a p t u r a d e v¶ ³d e o e o e n vio d o s d a d o s p a r a a In t e r n e t . O s e r vid o r d e c o n t r o le

fu n c io n a d e m o d o b i d i r e c io n a l, r e c e b e n d o c o m a n d o s a t r a v¶ e s d a r e d e e e n via n d o

d a d o s s e n s o r ia is e p o s ic io n a is d o r o b ^o p a r a a In t e r n e t . O s e r vid o r d e c o n t r o le

im p le m e n t a t a m b ¶e m o s i s t e m a d e n a ve g a »c ~a o e m o d e l a g e m d e a m b ie n t e qu e a u xilia

o o p e r a d o r r e m o t o n a e xe c u »c ~a o d a s t a r e fa s .

² In t e r n e t

¶E o m ¶o d u l o qu e r e p r e s e n t a a c o n e x~a o In t e r n e t d e s e n vo lvid a a t r a v¶ e s d e c a n a is

d e c o m u n ic a »c ~a o ( \ s o c ke t s " ) e n t r e o s m ¶o d u lo s d o R obô XR 4000 e o m ¶o d u l o d o

Usu¶ario.

² U s u ¶a r io

O m ¶o d u l o d o u s u ¶a r i o ¶e c o m p o s t o p o r t r ^e s s u b s is t e m a s p r o g r a m a d o s n a lin g u a g e m

Ja va : o d e v¶ ³d e o , o d e s e n s o r e s e p o s i»c ~a o , e o d e c o m a n d o . O s is t e m a d e v¶ ³d e o

a p r e s e n t a a o u s u ¶a r i o o s d a d o s r e c e b id o s a t r a v¶e s d a r e d e d e fo r m a g r ¶a ¯ c a . O

s is t e m a d e s e n s o r e s m o s t r a d a d o s s e n s o r ia is ( s o n a r e s , IR e c o lis ~a o ) , a l¶ e m d e d a d o s

d e \ d e a d r e c ko n i n g " . O s is t e m a d e c o m a n d o ¶ e r e s p o n s ¶a ve l p e l o e n vio d e c o m a n d o s

d o u s u ¶a r io p a r a o r o b ^o , t a is c o m o a d i r e »c ~a o e ve lo c i d a d e d o m o vim e n t o d e s e ja d o .

D e ve -s e o b s e r va r qu e a c o m u n i c a »c ~a o e n t r e o s s e r vid o r e s e o c lie n t e d e ve r ¶a s e r

r e a liz a d a a t r a v¶ e s d o d e s e n vo lvim e n t o d e u m p r o t o c o lo d e c o m u n ic a »c ~a o , e s p e c ¶ ³̄ c o p a r a

a a p lic a »c ~a o d e g u i a g e m d o r o b ^o m ¶o ve l.

O d e s e n vo lvim e n t o d o p r o je t o s e r ¶a r e a liz a d o a t r a v¶ e s d a e s p e c i ¯ c a »c ~a o e i m p le m e n -

t a »c ~a o d o s m ¶o d u l o s a n t e r io r m e n t e d e ¯ n i d o s .

3.4.2 A I nter face com o Usu¶ar io

A u t iliz a »c ~a o d o r o b ^o X R 4 0 0 0 , a l¶e m d e s e r r e a liz a d a a t r a v¶e s d a p r o g r a m a »c ~a o e m

C, p o d e s e r r e a liz a d a a t r a v¶e s d a in t e r fa c e g r ¶a ¯ c a N g u i , p r o vid a p e la N o m a d ic . Co m o
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Fig u r a 3 .4 : In t e r fa c e c o m o u s u ¶a r io p r o vid a p e la N o m a d ic .

p o d e s e r vis t o n a ¯ g u r a 3 . 4 , N g u i ¶ e c o m p o s t o p o r d u a s t e la s :

² u m a t e la c o n t e n d o a d e s c r i »c ~a o d o a m b ie n t e c o m b a s e n o s d a d o s s e n s o r i a is ( µa

e s qu e r d a ) ;

² u m a t e la c o n t e n d o d a d o s in s t a n t ^a n e o s d o s s e n s o r e s IR e s o n a r e s , u m \ jo ys t i c k"

c o n t r o l a d o p e l o \ m o u s e " e d a d o s s o b r e o d o m e t r ia e e s t a d o d a s b a t e r ia s d o r o b ^o .

D e ve -s e n o t a r qu e a i n t e r fa c e N g u i n ~a o p r o v̂e a o u s u ¶a r io in fo r m a »c ~o e s vis u a i s d a

c ^a m e r a d o r o b ^o , o qu e d e ve s e r o b t id o a t r a v¶ e s d a u t iliz a »c ~a o d e u m p r o g r a m a in d e -

p e n d e n t e . E s t e p r o g r a m a d e c a p t u r a , d e n o m in a d o v u 4 c o l o r , r e a liz a a a n im a »c ~a o d o s

\ fr a m e s " o b t i d o s p e la p l a c a d e c a p t u r a . N o e n t a n t o , d e vid o µa ve lo c i d a d e d e p r o c e s -

s a m e n t o d a im a g e m , o c o r r e u m g r a n d e a t r a s o d e s d e a c a p t u r a a t ¶e a vis ~a o d a m e s m a

p e lo u s u ¶a r i o , c o m p r o m e t e n d o a u t iliz a »c ~a o d o s i s t e m a .

A p r o p o s t a d e i n t e r fa c e c o m o u s u ¶a r io ( m ¶o d u lo Usu¶ario d e ¯ n id o a n t e r i o r m e n t e )

b a s e ia -s e n a u n i~a o d a s c a r a c t e r ¶ ³s t ic a s j¶a a p r e s e n t a d a s p e l a in t e r fa c e N g u i , a d i c i o n a n d o -

lh e a s i m a g e n s d a c ^a m e r a e a u t iliz a »c ~a o d o s i s t e m a d e n a ve g a »c ~a o d o s is t e m a .

A ¯ g u r a 3 . 5 m o s t r a u m a i d ¶ e i a d a in t e r fa c e a s e r d e s e n vo lvid a .

P o d e m s e r vis t o s n a ¯ g u r a o s s e g u in t e s c a m p o s :

² Ma p a

Co n t ¶e m a i n t e r p r e t a »c ~a o d o s d a d o s s e n s o r i a i s n a fo r m a g r ¶a ¯ c a , p e r m i t i n d o a o

u s u ¶a r i o u m a n o »c ~a o d o a m b ie n t e n a qu a l o r o b ^o s e e n c o n t r a .

² V ¶ ³ d e o

A p r e s e n t a a s im a g e n s d e v¶ ³d e o c a p t u r a d a s p e la c ^a m e r a d o r o b ^o .
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Fig u r a 3 . 5 : In t e r fa c e c o m o u s u ¶a r i o p r o p o s t a p a r a o s i s t e m a .

² S e le »c ~a o d e fu n »c ~o e s

A t r a v¶e s d e u m m e n u o u s u ¶a r i o s e r ¶a c a p a z d e e s c o lh e r d a d o s a s e r e m vis u a liz a d o s ,

c o m o d a d o s s e n s o r i a i s d e IR o u s o n a r e s , o u d a d o s d e o d o m e t r i a , o u c a r g a d a s

b a t e r ia s , a l¶ e m d o s c o n t r o le s d e ve lo c id a d e e a c e l e r a »c ~a o d o r o b ^o .

² \ Jo ys t ic k"

¶E o \ jo ys t ic k" vir t u a l, c o m p o s t o p o r b o t ~o e s p a r a m o vim e n t a »c ~a o n a s d ir e »c ~o e s X ,

Y e r o t a »c ~a o µ.

3.5 O Sistema Xfuzzy

D ive r s o s softwares e s t ~a o d is p o n ¶ ³ve is p a r a o d e s e n vo lvim e n t o d e a p lic a »c ~o e s d e

l¶o g ic a fuzzy. N o a m b ie n t e U N IX u m d e s t e s a p lic a t ivo s ¶ e o Xfuzzy, d e s e n vo lvid o n o

In s t it u t o d e Mic r o e l e t r ^o n ic a d e S e vilh a , E s p a n h a [2 8 ].

Xfuzzy ¶ e u m a m b ie n t e d e p r o je t o qu e a u xilia n a e s p e c ī c a »c ~a o , ve r ī c a »c ~a o e im -

p le m e n t a »c a o ¯ n a l d e s is t e m a s fuzzy. O d e s e n vo lvim e n t o d o s s i s t e m a s ¶e b a s e a d o n a

lin g u a g e m X FL , qu e e s p e c ī c a a s va r i ¶a ve is d o s is t e m a , a s s i m c o m o s e u s u n ive r s o s d e

d is c u r s o e fu n »c ~o e s d e p e r t in ^ e n c ia , o b t e n d o -s e a s s im u m a d e s c r i»c ~a o d e t a lh a d a d o s is t e m a

fuzzy im p le m e n t a d o . Co m o s is t e m a d e ¯ n i d o , ¶ e p o s s ¶ ³ve l r e a liz a r a n ¶a lis e s e s im u la »c ~o e s

s o b r e o p r o je t o , p e r m it in d o d e s s a fo r m a a o t im i z a »c ~a o d o s is t e m a e a o b t e n »c ~a o d o

c ¶o d ig o -fo n t e c o r r e s p o n d e n t e e m lin g u a g e m C.
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3.5.1 De¯ni»c~ao do Sistema F uzzy

O s is t e m a fuzzy ¶e d e ¯ n i d o a t r a v¶ e s d a lin g u a g e m X FL a t r a v¶e s d e d o is p a s s o s :

d e c la r a »c ~o e s d e t i p o e e s p e c i ¯ c a »c ~a o d o s m ¶o d u l o s d o s i s t e m a . E s t a p r im e ir a p a r t e r e l a -

c i o n a a d e ¯ n i »c ~a o d a s va r i ¶a ve is d e e n t r a d a e s a ¶ ³d a d o s i s t e m a , in c l u i n d o s e u s u n ive r s o s d e

d is c u r s o e s u a s fu n »c ~o e s d e p e r t in ^ e n c ia . A s e g u n d a p a r t e d e ¯ n e a e s t r u t u r a e c o n t e ¶u d o

d a b a s e d e r e g r a s qu e c o n t r o la o c o m p o r t a m e n t o d o s i s t e m a .

O m o d e lo d o s i s t e m a fuzzy ¶e d e s e n vo lvid o a p a r t ir d o s s e g u in t e s p a s s o s :

² a s va r i¶a ve is d e e n t r a d a s ~a o fuzzy¯cadas, a d o t a n d o p a r a c a d a u m a u m va lo r a s

s u a s fu n »c ~o e s d e p e r t i n ^e n c ia ;

² a s r e g r a s d a b a s e d e in fe r ^ e n c ia s ~a o a p lic a d a s , r e s u lt a n d o n o s va lo r e s c o r r e s p o n -

d e n t e s d a s fu n »c ~o e s d e p e r t in ^ e n c i a d a s va r i ¶a ve is d e s a ¶ ³d a ;

² a s va r i¶a ve is d e s a ¶ ³d a s ~a o desfuzzy¯cadas, o b t e n d o -s e a s s i m o s va lo r e s d e s a ¶ ³ d a d o

s i s t e m a .

O s is t e m a ¶e d e ¯ n i d o a p a r t ir d e menus c o n t id o s n o p r o g r a m a Xfuzzy. A s e g u ir

s e r ¶a a p r e s e n t a d a a e s p e c i ¯ c a »c ~a o d o s i s t e m a c o m b a s e n a lin g u a g e m X FL .

A E speci¯ca»c~ao do Sistema via XFL

A lin g u a g e m X FL c o n t ¶ e m b a s ic a m e n t e qu a t r o e s t r u t u r a s qu e d e ¯ n e m u m s is t e m a

fuzzy: a d e ¯ n i»c ~a o d e t ip o , a s fu n »c ~o e s d e p e r t i n ^ e n c ia , a b a s e d e r e g r a s e a s r e g r a s d o

s i s t e m a . A s e g u ir s ~a o d e t a lh a d o s c a d a u m a d e s s a s e s t r u t u r a s .

² D e ¯ n i»c ~a o d e Tip o

A d e ¯ n i»c ~a o d e t ip o d e u m a va r i¶a ve l fuzzy ¶e o b t id a a t r a v¶ e s d a s e g u in t e s in t a xe :

t y p e I d e n t i f i c a d o r : T i p o P r e d e f i n i d o [ C a r d i n a l i d a d e ] ( F a i x a )

F u n c a o _ d e _ P e r t i n e n c i a _ 1

F u n c a o _ d e _ P e r t i n e n c i a _ 2

. . .

I d e n t i f i c a d o r r e fe r e -s e a o n o m e d o t ip o a s e r c r ia d o , c o m o p o r e xe m p lo , veloci-

dade. T i p o P r e d e f i n i d o p o d e s e r integer o u real, a d e p e n d e r d o t i p o d e va lo r e s

a s e r e m u t iliz a d o s n o s is t e m a . C a r d i n a l i d a d e r e fe r e -s e a qu a n t o s p o n t o s d e p r e -

c i s ~a o s ~a o n e c e s s ¶a r io s n o in t e r va lo d e va lo r e s d a va r i¶a ve l. F a i x a e o in t e r va lo d e

va lo r e s d a va r i¶a ve l. S e ja p o r e xe m p lo :
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t y p e s p e e d : r e a l [ 1 5 0 1 ] ( 0 . 0 0 0 0 0 0 < 1 5 0 0 . 0 0 0 0 0 0 ) {

N e s t e c a s o o t i p o s p e e d fo i d e ¯ n i d o c o m o d o t i p o r e a l , c o n t e n d o 1 5 0 1 va lo r e s

p o s s ¶ ³ve is e n t r e o s e xt r e m o s 0 e 1 5 0 0 .

² Fu n »c ~o e s d e P e r t i n ^e n c ia

A d e ¯ n i »c ~a o d a s fu n »c ~o e s d e p e r t i n ^ e n c ia c o n t i d a s e m u m t ip o ¶e o b t id a a t r a v¶e s d a

s e g u i n t e s in t a xe :

I d e n t i f i c a d o r C l a s s e ( L i s t a )

I d e n t i f i c a d o r r e fe r e -s e a o n o m e d a fu n »c ~a o d e p e r t i n ^ e n c ia , c o m o p o r e xe m p l o ,

devagar. C l a s s e d e ¯ n e o t ip o d e fu n »c ~a o d e p e r t i n ^ e n c ia a s e r u t iliz a d o . A ¯ g u r a

2 . 8 m o s t r o u a lg u n s d o s t ip o s p r e d e ¯ n id o s d i s p o n ¶ ³ve is n o s i s t e m a Xfuzzy. L i s t a

d e ¯ n e a s c a r a c t e r ¶ ³ s t ic a s d a fu n »c ~a o d e p e r t in ^ e n c ia d e ¯ n id a . S e ja p o r e xe m p lo :

s l o w t r a p e z o i d ( 2 2 0 . 0 , 2 6 0 . 0 , 3 6 0 . 0 , 4 7 0 . 0 )

N e s t e c a s o fo i d e ¯ n i d a a fu n »c ~a o d e p e r t i n ^e n c ia s l o w d o t i p o t r a p e z o i d c o m

va lo r e s d e in i c i o e ¯ m d e r e s p e c t iva m e n t e 2 2 0 : 0 e 4 7 0 : 0 , p o s s u in d o p e r t i n ^e n c ia 1

e n t r e 2 6 0 : 0 e 3 6 0 : 0 .

² B a s e d e R e g r a s

A d e ¯ n i»c ~a o d e u m a b a s e d e r e g r a s p o s s u i a s e g u in t e s in t a xe g e r a l:

I d e n t i f i c a d o r ( L i s t a )

I d e n t i f i c a d o r d e ¯ n e o n o m e d a b a s e d e r e g r a s , e L i s t a d e ¯ n e a s va r i ¶a ve is

d e e n t r a d a e s a ¶ ³d a d o s i s t e m a . A d e ¯ n i»c ~a o d e s s a s va r i ¶a ve is p o s s u i a s s e g u i n t e s

s i n t a xe s :

T i p o ? I d e n t i f i c a d o r

p a r a va r i¶a ve is d e e n t r a d a , o n d e T i p o r e fe r e -s e a o t ip o d e ¯ n id o a n t e r i o r m e n t e e

I d e n t i f i c a d o r d e ¯ n e o n o m e d a va r i¶a ve l, e

T i p o ! I d e n t i f i c a d o r

p a r a va r i¶a ve is d e s a ¶ ³ d a , c o m o s t e r m o s T i p o e I d e n t i f i c a d o r o s m e s m o s s i g n i ¯ -

c a d o s qu e o s d e va r i¶a ve is d e e n t r a d a . A s e g u i r t e m -s e u m e xe m p l o :
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s y s t e m ( s o n a r t y p e ? s o n a r , d i s t a n c e t y p e ? d i s t a n c e , s p e e d t y p e ! s p e e d )

r u l e b a s e {

N e s t e c a s o o s is t e m a fuzzy d e n o m in a d o s y s t e m p o s s u i d u a s va r i¶a ve is d e e n t r a -

d a ( s o n a r e d i s t a n c e ) e u m a va r i ¶a ve l d e s a ¶ ³ d a ( s p e e d ) , d e t ip o s s o n a r t y p e ,

d i s t a n c e t y p e e s p e e d t y p e r e s p e c t iva m e n t e .

² R e g r a s

Ca d a r e g r a i n d ivid u a l p o s s u i a s e g u i n t e s in t a xe :

i f A n t e c e d e n t e - > C o n s e q u e n t e

A n t e c e d e n t e ¶ e u m a e xp r e s s ~a o c o n t e n d o a s va r i¶a ve is d e e n t r a d a d o s i s t e m a e s u a s

fu n »c ~o e s d e p e r t i n ^ e n c ia . C o n s e q u e n t e ¶e u m a e xp r e s s ~a o qu e d e ¯ n e a s va r i ¶a ve is d e

s a ¶ ³d a c o m b a s e e m s u a fu n »c ~a o d e p e r t in ^e n c i a . S e ja o s e g u in t e e xe m p lo :

i f s o n a r i s v e r y n e a r & d i s t a n c e i s v e r y n e a r - > s p e e d i s v e r y s l o w

N e s t e e xe m p l o t e m -s e qu e s p e e d s e r ¶a v e r y s l o w s e s im u lt a n e a m e n t e s o n a r fo r

v e r y n e a r e d i s t a n c e fo r v e r y n e a r .

3.5.2 An¶alise do Sistema F uzzy

Te n d o s i d o g e r a d a a d e ¯ n i»c ~a o d o s is t e m a fuzzy ¶ e p o s s ¶ ³ve l r e a liz a r a a n ¶a lis e d o

m e s m o , a t r a v¶e s d a vis u a liz a »c ~a o d a s u p e r f¶ ³ c ie d e s a ¶ ³d a p a r a d u a s va r i¶a ve is fuzzy, o u

t e s t a n d o -s e o a lg o r i t m o a t r a v¶e s d e u m s im u l a d o r c o n t id o n o a m b ie n t e Xfuzzy.

A s u p e r f¶ ³ c i e d e s a ¶ ³d a ¶e g e r a d a a t r a v¶ e s d o software Gn u p lo t , p o d e n d o -s e vis u a liz a r

a r e s p o s t a d o s i s t e m a o b t i d o p a r a d ive r s a s e n t r a d a s . N a ¯ g u r a 3 .6 ¶ e m o s t r a d a a s a ¶ ³d a

d e u m e xe m p l o p r o vid o n o a m b ie n t e Xfuzzy.

Fig u r a 3 .6 : S u p e r f¶ ³ c ie d e r e s p o s t a d e u m s is t e m a fuzzy.
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3.5.3 Ger a»c~ao de C¶odigo em Linguagem C

U m a d a s g r a n d e s va n t a g e n s d e s e u t iliz a r u m software d e d e s e n vo lvim e n t o d e

s i s t e m a s fuzzy ¶e a p o s s ib ilid a d e d e s e t r a n s fo r m a r d e fo r m a a u t o m ¶a t i c a o a l g o r it m o

g e r a d o e m c ¶o d i g o -fo n t e . O a m b i e n t e Xfuzzy ¶e c a p a z d e g e r a r c ¶o d i g o e m lin g u a g e m C

( A N S I) , d e fo r m a a s e r i m p le m e n t a d o e m qu a lqu e r p l a t a fo r m a qu e p o s s u a a lin g u a g e m

C p a r a p r o g r a m a »c ~a o . A s s i m p o d e m s e r im p l e m e n t a d o s s i s t e m a s c o m l ¶o g i c a fuzzy t a n t o

e m m i c r o p r o c e s s a d o r e s d e d i c a d o s c o m o e m c o m p u t a d o r e s d e g r a n d e p o r t e .



Cap¶³tulo 4

Resultados Obtidos

N e s t e c a p ¶ ³t u l o s e r ~a o a p r e s e n t a d o s o s p r in c ip a is r e s u lt a d o s o b t i d o s n o d e s e n vo lvi-

m e n t o d o p r o je t o . Os d ia g r a m a s d e ° u xo d e d a d o s d o s s is t e m a s s ~a o lis t a d o s n o a p ^ e n d i c e

B . Os c ¶o d ig o s -fo n t e d o s p r o g r a m a s e s i s t e m a s a p r e s e n t a d o s s ~a o lis t a d o s n o a p ^ e n d i c e

E .

4.1 Ser vidor es Localizados no Robô

Co m o fo i vis t o n a ¯ g u r a 3 .3 , o s i s t e m a ¶e c o m p o s t o p o r s e r vid o r e s l o c a liz a d o s n o

r o b ^o e p o r c lie n t e s l o c a liz a d o s n o browser d o u s u ¶a r io . N o r o b ^o fo r a m d e s e n vo lvid o s s e is

s e r vid o r e s , t r ^ e s lo c a liz a d o s n a m ¶a qu in a u p p e r . g r a c o . u n b . b r , r e s p o n s ¶a ve l p e l a c a p t u r a

d e v¶ ³d e o e c o n t r o le d o pan-tilt, e t r ^ e s l o c a liz a d o s n a m ¶a qu in a l o w e r . g r a c o . u n b . b r ,

r e s p o n s ¶a ve l p e lo s s e n s o r e s e m o vim e n t a »c ~a o d o r o b ^o .

4.1.1 Ser vidor de Contr ole do P an-Tilt

E s t e s e r vid o r ¶ e r e s p o n s ¶a ve l p e l o c o n t r o l e d a o r ie n t a »c ~a o d a c ^a m e r a d e c a p t u r a

d e v¶ ³d e o c o m r e la »c ~a o a d o is e ixo s o r t o g o n a is : pan ( r o t a »c ~a o e m t o r n o d o e ixo x) e tilt

( r o t a »c ~a o e m t o r n o d o e ixo y ) . O m e c a n is m o u t iliz a d o c o n s is t e n o m o d e l o P TU 4 6 -7 0 ,

d a D irected P erception[2 9 ], c o m a n d a d o a t r a v¶e s d e u m a in t e r fa c e s e r ia l.

O s e r vid o r d e c o n t r o l e , d e n o m in a d o c a m s e r v e r , a c e it a c o n e x~o e s d a r e d e a t r a v¶ e s

d o p r o g r a m a i n e t d , t e n d o s i d o c o n ¯ g u r a d o n a p o r t a 8 0 8 6 . U m a ve z r e a liz a d a a

c o n e x~a o , o s e r vid o r a g u a r d a p o r c o m a n d o s e n via d o s p e l o c lie n t e r e m o t o , e xe c u t a n d o -o s

c a s o a s in t a xe e a fa ixa d e va lo r e s d a s va r i¶a ve is e s t e ja c o r r e t a .

O s e r vid o r c a m s e r v e r a c e it a o s s e g u in t e s c o m a n d o s :

² d i r e c t i o n

4 8
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E s t e c o m a n d o d e ¯ n e a d ir e »c ~a o d e m o vim e n t o d o pan-tilt, r e a liz a n d o u m d e s l o c a -

m e n t o a n g u l a r d e ¯ n id o p e lo s c o m a n d o s x c h a n g e e y c h a n g e . Os va lo r e s v¶a lid o s

p a r a e s s e c o m a n d o s ~a o a p r e s e n t a d o s n a t a b e l a 4 .1 .

u p l e ft u p u p r ig h t

l e ft c e n t e r r ig h t

d o wn le ft d o wn d o wn r i g h t

Ta b e la 4 . 1 : D ir e »c ~o e s d e m o vim e n t a »c ~a o d o pan-tilt.

A ¯ g u r a 4 . 1 a p r e s e n t a u m e s qu e m a d o fu n c io n a m e n t o d o pan-tilt p a r a o c o m a n d o

d i r e c t i o n = u p r i g h t .

Fig u r a 4 .1 : Mo vim e n t a »c ~a o d o s is t e m a pan-tilt.

² x a b s o l u t e

E s t e c o m a n d o d e ¯ n e a p o s i»c ~a o a b s o lu t a p a r a a r o t a »c ~a o e m t o r n o d o e ixo x ( pan) .

P a r a u m a p o s i»c ~a o a n g u l a r d e 3 0 0 0 u n i d a d e s , p o r e xe m p lo , u t iliz a -s e o c o m a n d o

x a b s o l u t e = 3 0 0 0 .

² y a b s o l u t e

E s t e c o m a n d o d e ¯ n e a p o s i»c ~a o a b s o l u t a p a r a a r o t a »c ~a o e m t o r n o d o e ixo y ( tilt) .

P a r a u m a p o s i»c ~a o a n g u la r d e -1 0 0 0 u n i d a d e s , p o r e xe m p lo , u t iliz a -s e o c o m a n d o

x a b s o l u t e = - 1 0 0 0 .

² x c h a n g e

O c o m a n d o x c h a n g e d e ¯ n e o d e s l o c a m e n t o a n g u l a r p a r a o e ixo x a s e r r e a liz a d o

p o r c o m a n d o s d a fa m ¶ ³lia d i r e c t i o n . P a r a qu e o c o m a n d o d i r e c t i o n = l e f t r e a li-

z e u m d e s l o c a m e n t o a n g u la r d e 2 0 0 0 , p o r e xe m p lo , d e ve -s e u s a r x c h a n g e = 2 0 0 0 .

² y c h a n g e

O c o m a n d o y c h a n g e d e ¯ n e o d e s lo c a m e n t o a n g u la r p a r a o e ixo y a s e r r e a liz a d o

p o r c o m a n d o s d a fa m ¶ ³lia d i r e c t i o n . P a r a qu e o c o m a n d o d i r e c t i o n = d o w n r e a li-

z e u m d e s l o c a m e n t o a n g u la r d e -5 0 0 , p o r e xe m p l o , d e ve -s e u s a r y c h a n g e = 5 0 0 .
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² s t a r t

E s t e c o m a n d o a t iva a m o vim e n t a »c ~a o d o pan-tilt, s e g u n d o o s p a r ^a m e t r o s d e m o vi-

m e n t a »c ~a o d e ¯ n id o s a n t e r io r m e n t e . Ca s o a l g u m va lo r d e ¯ n i d o e s t e ja fo r a d o s

lim it e s d o a t u a d o r , o p r o g r a m a r e a ju s t a o va lo r p a r a o lim it e d o s i s t e m a .

² g o o d b y e

E s t e c o m a n d o ¯ n a liz a a c o n e x~a o e n t r e o s e r vid o r e o c lie n t e .

4.1.2 Ser vidor de I magens

O s e r vid o r d e i m a g e n s d e s e n vo lvid o r e a liz a a c a p t u r a d a s im a g e n s o b t i d a s a t r a v¶ e s

d a p la c a d e c a p t u r a d e v¶ ³d e o M eteor M atrox, c o m p r im e e s s a im a g e m n o fo r m a t o JP E G

e r e a liz a a fo r m a t a »c ~a o d o s d a d o s e n via d o s a o browser p a r a qu e o m e s m o r e a liz e a

a n i m a »c ~a o d a s i m a g e n s r e c e b id a s . A s e g u ir c a d a u m a d e s s a s fu n »c ~o e s d o s e r vid o r d e

im a g e n s ¶ e p o r m e n o r iz a d a .

Captur a de V¶³deo atr av¶es da P laca M eteor

A p l a c a d e c a p t u r a d e v¶ ³d e o M atrox M eteor p o s s u i t r ^ e s m o d o s d e c a p t u r a d e

v¶ ³d e o [ 3 0 ], a p r e s e n t a d o s r e s u m i d a m e n t e a s e g u i r :

² In t e r fa c e c o n ve n c io n a l r e a d

E s t e m o d o d e c a p t u r a ¶ e o m a is f¶a c il d e s e u s a r , e m b o r a s e ja o m a is le n t o e m

t e r m o s d e ve lo c id a d e d e c a p t u r a . N e s t e m o d o o u s u ¶a r io a b r e o d is p o s i t ivo , a ju s t a

p a r ^a m e t r o s r e l a t ivo s a i m a g e m e a t r a v¶ e s d o c o m a n d o r e a d ( ) r e a liz a a l e i t u r a d a

im a g e m g r a va n d o -a e m u m bu®er d e m e m ¶o r i a .

² Ca p t u r a s i m p le s p o r m e m ¶o r ia m a p e a d a

N e s t e m o d o d e c a p t u r a u t iliz a -s e u m a ¶a r e a d e m e m ¶o r i a ¯ xa c o m o r e g i ~a o d e a r -

m a z e n a m e n t o d o s d a d o s lid o s p e la p la c a d e c a p t u r a . O u s u ¶a r io a b r e o d is p o s it ivo ,

d e ¯ n e a fo r m a e p a r ^a m e t r o s d e c a p t u r a , r e a liz a o m a p e a m e n t o d e m e m ¶o r ia e r e -

a liz a a c h a m a d a d o s d a d o s p e l o c o m a n d o i o c t l .

² Ca p t u r a s i n c r o n i z a d a c o n t ¶ ³n u a p o r m e m ¶o r i a m a p e a d a

E s t a fo r m a d e c a p t u r a c o n t in u a d e i m a g e n s ¶e c a p a z d e g e r a r i m a g e n s a t ¶ e u m a

t a xa d e 3 2 i m a g e n s / s e g u n d o . O p r o g r a m a d o u s u ¶a r i o ¶e n o t ī c a d o a t r a v¶e s d e

u m s in a l d i s p a r a d o p e lo kernel d o s is t e m a o p e r a c i o n a l, p o d e n d o e n t ~a o r e a liz a r a

t r a n s fe r ^e n c i a d o s d a d o s p a r a a m e m ¶o r ia m a p e a d a e u t iliz a r a i m a g e m c a p t u r a d a .
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O fo r m a t o u t iliz a d o p a r a a c a p t u r a d e im a g e n s d o r o b ^o m ¶o ve l ¶e a c a p t u r a s i n -

c r o n iz a d a , p o r p e r m it ir m a io r e s t a xa s d e i m a g e n s , o qu e g a r a n t e u m m e l h o r feedback

p a r a o u s u ¶a r i o .

Compr ess~ao das I magens par a o For mato JP E G

A c o m p r e s s ~a o d a s im a g e m c a p t u r a d a s p e la p l a c a M eteor ¶ e n e c e s s ¶a r i a d a d a a

r e la t iva b a ixa ve lo c id a d e d e t r a n s m is s ~a o d e d a d o s via In t e r n e t e p a r a p e r m it ir , a o s e

r e d u z i r o t a m a n h o d a i m a g e n s , u m a m a i o r ve lo c i d a d e d e a n im a »c ~a o .

E n t r e o s d ive r s o s m ¶ e t o d o s d e c o m p r e s s ~a o d e i m a g e n s d e s t a c a -s e o fo r m a t o JP E G

[3 1 ], a m p la m e n t e u t iliz a d o e m p r o g r a m a s d e W ebCam e p o r n a ve g a d o r e s c o m o o

Netscape. O fo r m a t o JP E G ¶e u m p a d r ~a o d e c o m p r e s s ~a o c o m p e r d a , o u s e ja , a im a g e m

o b t id a n ~a o c o n t ¶ e m t o d a a in fo r m a »c ~a o o r i g in a l, m a s a p e n a s u m a a p r o xim a »c ~a o a d e qu a -

d a p a r a a s u a vis u a liz a »c ~a o . D e s s a fo r m a , o fo r m a t o JP E G, e m b o r a a d e qu a d o p a r a

u t iliz a »c ~a o e m t e le o p e r a »c ~a o , ¶e in a d e qu a d o p a r a o p r o c e s s a m e n t o d ig it a l d e i m a g e n s , n o

qu a l s ~a o o b t i d o s p a r ^a m e t r o s d e c o n t r o l e c o m b a s e n a s i m a g e n s c a p t u r a d a s .

A c o m p r e s s ~a o JP E G ¶e r e a liz a d a a t r a v¶ e s d e u m a b i b lio t e c a n a lin g u a g e m C, d e -

n o m in a d a j p e g l i b , d e s e n vo lvid a p e l a IJG ( Independent J P E G Group) . D e fo r m a

s i m p le s , a c o m p r e s s ~a o d e u m a im a g e m p a r a o fo r m a t o JP E G d e ve s e g u i r o s s e g u i n t e s

p a s s o s :

² A lo c a »c ~a o e i n i c i a liz a »c ~a o d e u m o b je t o d e c o m p r e s s ~a o JP E G;

² E s p e c i ¯ c a »c ~a o d o d e s t i n o p a r a a im a g e m JP E G ( g e r a lm e n t e u m a r qu ivo o u o

d i s p o s i t ivo p a d r ~a o d e s a ¶ ³ d a - s t d o u t ) ;

² D e ¯ n i»c ~a o d e p a r ^a m e t r o s p a r a a c o m p r e s s ~a o , in c lu i n d o o t a m a n h o d a im a g e m e

c a m p o s d e c o r e s ;

² Co m p r e s s ~a o p r o p r ia m e n t e d it a , d a d a p e l o s s e g u i n t e s c o m a n d o s :

j p e g _ s t a r t _ c o m p r e s s ( ) ;

w h i l e ( )

j p e g _ w r i t e _ s c a n l i n e s ( ) ;

j p e g _ f i n i s h _ c o m p r e s s ( ) ;

² D e s a lo c a »c ~a o d o o b je t o d e c o m p r e s s ~a o JP E G.

A qu a lid a d e d a im a g e m c o m p r im i d a p o d e s e r a lt e r a d a c o m b a s e n o p a r ^a m e t r o

quality, qu e va r i a d e 0 a 1 0 0 ( 0 p a r a im a g e n s d e b a ixa qu a lid a d e e 1 0 0 p a r a im a g e n s
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d e a lt a qu a lid a d e ) . N a t a b e la 4 . 2 ¶e m o s t r a d a a r e la »c ~a o e n t r e o va lo r d e qu a lid a d e e o

e s p a »c o c o n s u m i d o p e la im a g e m c o m p r i m id a . D e ve -s e o b s e r va r qu e o va lo r d a qu a lid a d e

n ~a o c o r r e s p o n d e lin e a r m e n t e a u m a qu a lid a d e vis u a l d a i m a g e m , c o m o p o d e s e r vis t o

n a ¯ g u r a 4 .2 . Op t o u -s e u t iliz a r u m va lo r d e qu a lid a d e d e 3 0 , c o m o m e lh o r c o m p r o m i s s o

qu a lid a d e -t a m a n h o .

Q u a l i t y Ta m a n h o ( b yt e s )

0 2 6 0 4

1 0 4 3 9 3

2 0 6 0 8 6

3 0 7 4 2 7

4 0 8 5 2 4

. . . . . .

9 0 2 1 0 5 1

1 0 0 5 9 5 4 9

Ta b e la 4 . 2 : Ta m a n h o d a im a g e m c o m o fu n »c ~a o d a qu a lid a d e .

Fig u r a 4 . 2 : N ¶ ³ve is d e qu a lid a d e d e im a g e n s JP E G.
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M ecanismo de Anima»c~ao do Netscape

E n t r e a s d ive r s a s fo r m a s d e s e r e a liz a r a a n i m a »c ~a o d e i m a g e n s o b t i d a s d e u m a

c ^a m e r a , a m a i s s im p l e s e qu e n ~a o r e qu e r a u t iliz a »c ~a o d e plugins ¶e a u t iliz a »c ~a o d o s

m e c a n is m o s d e e n vio d e d a d o s d o N e t s c a p e [3 2 ]. E s s e s d o i s m e c a n i s m o s d e e n vio d e

d a d o s s ~a o o s s e g u in t e s :

² Server push

E s s a fo r m a d e t r a n s m is s ~a o d e d a d o s ¶e o b t i d a a t r a v¶ e s d o e n vio c o n t ¶ ³ n u o d e d a d o s

d e u m s e r vid o r p a r a o browser, m a n t e n d o -s e a c o n e x~a o e n t r e o s d o i s a b e r t a .

A s s im , qu a n d o o s e r vid o r e n via u m d a d o , o n a ve g a d o r e xib e e s t e d a d o . A p ¶o s u m

in t e r va lo d e t e m p o qu a lqu e r , o s e r vid o r e n via o d a d o s e g u in t e , e o n a ve g a d o r o

e xib e , e a s s i m s u c e s s iva m e n t e .

² Client pull

N e s t a fo r m a d e t r a n s m i s s ~a o o s e r vid o r e n via d a d o s qu e c o n t ¶ e m u m a m e n s a g e m

a o n a ve g a d o r i n d i c a n d o \ le i a e s t e d a d o n o va m e n t e e m 3 s e g u n d o s " . A p ¶o s o

t e m p o d e ¯ n id o o n a ve g a d o r r e a liz a a o p e r a »c ~a o d e ¯ n i d a p r e via m e n t e , le n d o o

d a d o n o va m e n t e d o s e r vid o r .

Co m b a s e n e s t a s t e c n o lo g ia s d e t r a n s m i s s ~a o d e d a d o s , ¶ e p o s s ¶ ³ve l a a n im a »c ~a o d e

im a g e n s g e r a d a s a p a r t i r d e u m s e r vid o r , s e n d o lid a s c o n t i n u a m e n t e p e lo c lie n t e .

O m e c a n i s m o Server push, e m c o n t r a s t e c o m o Client pull, a p r o ve it a u m a c o n e x~a o

a b e r t a qu e ¶ e u t iliz a d a p a r a o e n vio d e d ive r s o s b l o c o s d e d a d o s . Is s o p e r m i t e qu e o

s e r vid o r t e n h a m a i o r c o n t r o l e d e qu a n d o e c o m o o s d a d o s s ~a o e n via d o s . A le m d is s o ,

e s s e m ¶ e t o d o ¶e m a is e ¯ c ie n t e p o r m a n t e r u m a c o n e x~a o H TTP c o n t i n u a m e n t e a b e r t a ,

e m b o r a is s o r e p r e s e n t e p a r a o s e r vid o r u m m a io r g a s t o d e r e c u r s o s c o m p u t a c io n a i s .

U m a o u t r a va n t a g e m d o s i s t e m a Server push ¶ e qu e o u s u ¶a r i o p o d e c a n c e la r o e n vio d e

n o vo s d a d o s a t r a v¶e s d o b o t ~a o Stop d o n a ve g a d o r .

O e n vio d e d a d o s a t r a v¶e s d o s e r vid o r H TTP ¶ e fo r m a t a d o a t r a v¶ e s d e u m a m e n -

s a g e m MIME n o in ic io d o d o c u m e n t o , r e la t a n d o a o n a ve g a d o r a fo r m a t a »c ~a o d o d o c u -

m e n t o s e n d o lid o . Ge r a l m e n t e e s s a m e n s a g e m MIME in d ic a qu e o d o c u m e n t o p o s s u i

a p e n a s u m a p a r t e , m a s e m c a s o s e s p e c ia i s ¶ e p o s s ¶ ³ve l e n via r u m a m e n s a g e m in d ic a n d o

qu e o m e s m o p o s s u i v¶a r i a s p a r t e s . E s s e r e c u r s o ¶e o b t id o a t r a v¶ e s d a m e n s a g e m MIME

m u l t i p a r t / m i x e d . E s s a m e n s a g e m g e r a lm e n t e t o m a a s e g u i n t e fo r m a :

C o n t e n t - t y p e : m u l t i p a r t / m i x e d ; b o u n d a r y = q u a l q u e r _ t e x t o

- - q u a l q u e r _ t e x t o
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C o n t e n t - t y p e : t e x t / p l a i n

D a d o s p a r a o p r i m e i r o b l o c o .

- - q u a l q u e r _ t e x t o

C o n t e n t - t y p e : t e x t / p l a i n

D a d o s p a r a o s e g u n d o e ¶u l t i m o b l o c o .

- - q u a l q u e r _ t e x t o - -

P a r a o m e c a n is m o Server push u t iliz a -s e o c o m a n d o MIME va r ia n t e d e n o m i n a d o

m u l t p a r t / x - m i x e d - r e p l a c e . N e s t e c a s o , c a d a n o vo b l o c o d e d a d o s i r ¶a s o b r e p o r o s

d a d o s a n t e r io r e s ( replace) . A s e g u ir t e m -s e u m e xe m p lo d e s t e m e c a n is m o :

C o n t e n t - t y p e : m u l t i p a r t / x - m i x e d - r e p l a c e ; b o u n d a r y = q u a l q u e r _ t e x t o

- - q u a l q u e r _ t e x t o

C o n t e n t - t y p e : t e x t / p l a i n

D a d o s p a r a o p r i m e i r o b l o c o .

- - q u a l q u e r _ t e x t o

C o n t e n t - t y p e : t e x t / p l a i n

D a d o s p a r a o s e g u n d o e ¶u l t i m o b l o c o .

- - q u a l q u e r _ t e x t o - -

Co m b a s e n e s s a t e c n o lo g i a ¶e p o s s ¶ ³ve l r e a liz a r a a n i m a »c ~a o d e im a g e n s d e qu a lqu e r

fo r m a t o s u p o r t a d o p e lo browser s e m a n e c e s s id a d e d e plugins, o b t e n d o -s e d e s s a fo r m a

m a io r a b r a n g ^ e n c ia e s i m p lic id a d e d o s i s t e m a d e v¶ ³d e o .

Resultados Obtidos com o Ser vidor de I magens

O s e r vid o r d e i m a g e n s d e s e n vo lvid o , d e n o m in a d o J P G P u s h , ¶ e c a p a z d e p r o ve r d e

fo r m a s a t is fa t ¶o r i a u m a r e a lim e n t a »c ~a o s e n s o r i a l p a r a a n a ve g a »c ~a o d o r o b ^o . A fr e qÄu ^ e n c ia

d e im a g e n s g e r a d a s a lc a n »c a u m a t a xa d e 3 im a g e n s / s e g u n d o , s e n d o e s s e va lo r lim i-

t a d o p e l a m e m ¶o r ia d e bu®er d o browser u t iliz a d o ( N e t s c a p e ) . A t a xa d e a n i m a »c ~a o
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d e im a g e n s p e l o N e t s c a p e d e p e n d e d o t a m a n h o d a im a g e m g e r a d a . Op t o u -s e n e s s e

t r a b a l h o u m va lo r m ¶e d io d e t a m a n h o d e im a g e m ( 2 4 0 x 1 6 0 p ixe ls ) e u m a t a xa d e 3

im a g e n s / s e g u n d o . A ¯ g u r a 4 .3 m o s t r a u m g r ¶a ¯ c o d e t a xa d e p r o d u »c ~a o d e im a g e n s e m

fu n »c ~a o d o t e m p o .

4.1.3 Ser vidor de Contr ole de M ovimentos

O s e r vid o r d e c o n t r o le d e m o vim e n t o s , d e n o m in a d o r o b s e r v e r , r e a liz a a m o vi-

m e n t a »c ~a o d o r o b ^o c o m b a s e n o s c o m a n d o s d a d o s p e l o c lie n t e e d a d o s s e n s o r ia is d o

r o b ^o , u t iliz a n d o -s e d a l¶o g ic a fuzzy c o m o n ¶u c le o d o c o n t r o l e d e ve lo c id a d e d o s i s t e m a .

U t iliz a n d o o s d a d o s s e n s o r i a is ( s o n a r e s e IR ) e u m c o n t r o l a d o r fuzzy, o s is t e m a r e a liz a

o a ju s t e d e ve lo c id a d e d o r o b ^o e m t e m p o r e a l, d e fo r m a a m in i m iz a r a p o s s i b ilid a d e d e

c o lis ~o e s . Os d a d o s s e n s o r ia is s ~a o u t iliz a d o s d e fo r m a c o n s e r va t iva , o u s e ja , p a r a u m a

d a d a d ir e »c ~a o d e m o vim e n t o ¶ e u t iliz a d o c o m o i n fo r m a »c ~a o o d a d o d o s e n s o r qu e p o s s u i

a m e n o r d i s t ^a n c i a c a p t a d a . E s t e s e r vid o r p o s s u i o s s e g u in t e s c o m a n d o s :

² d i r e c t i o n

E s t e c o m a n d o d e ¯ n e a d ir e »c ~a o d e m o vim e n t o d o r o b ^o , s e ja t r a n s la c i o n a l ( f r o n t ,

b a c k , l e f t e r i g h t ) o u r o t a c i o n a l ( c l o c k w i s e o u c o u n t e r c l o c k w i s e ) . A s s i m

o c o m a n d o d i r e c t i o n = f r o n t d e ¯ n e qu e a p r ¶o xim a m o vim e n t a »c ~a o d o r o b ^o s e r ¶a

r e a liz a d a p a r a a fr e n t e .

² d i s t a n c e

E s t e c o m a n d o d e ¯ n e a d is t ^a n c ia lin e a r a s e r p e r c o r r id a p e l o r o b ^o e m s u a p r ¶o xim a

m o vim e n t a »c ~a o . A s s im , p o r e xe m p l o , o c o m a n d o d i s t a n c e = 2 0 0 0 in d i c a qu e o

Fig u r a 4 .3 : Ta xa d e p r o d u »c ~a o d e im a g e n s n o s e r vid o r .
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r o b ^o p e r c o r r e r ¶a 2 0 0 0 mm e m s e u m o vim e n t o .

² t e t a

E s t e c o m a n d o d e ¯ n e a r o t a »c ~a o a s e r r e a liz a d a p e l o r o b ^o e m s u a m o vim e n t a »c ~a o .

A s s im o c o m a n d o t e t a = 5 0 0 in d i c a qu e o r o b ^o e fe t u a r ¶a u m g i r o d e 5 0 0 mrad

( m ilir a d ia n o s ) .

² o m e g a

E s t e c o m a n d o d e ¯ n e a ve lo c i d a d e d e r o t a »c ~a o a s e r e fe t u a d a p e l o r o b ^o . Co m o

e xe m p l o , o c o m a n d o o m e g a = 2 0 0 d e ¯ n e u m a ve lo c i d a d e d e 2 0 0 mrad=s ( m ilir a d i-

a n o s / s ) .

² s e n s o r s

E s t e c o m a n d o lig a ( s e n s o r s = o n ) o u d e s lig a ( s e n s o r s = o f f ) o s s e n s o r e s u lt r a s ^o n i c o s .

Ca s o o s s e n s o r e s e s t e ja m d e s lig a d o s o s is t e m a n ~a o p e r m it e a m o vim e n t a »c ~a o d o

r o b ^o .

² s t a r t

E s t e c o m a n d o r e a liz a e fe t iva m e n t e a m o vim e n t a »c ~a o d o r o b ^o d e a c o r d o c o m o s

p a r ^a m e t r o s d e d is t ^a n c i a e ve lo c i d a d e p r e d e ¯ n i d o s , d e s d e qu e o s s e n s o r e s e s t e ja m

lig a d o s . O n ¶u c le o d o s is t e m a d e m o vim e n t a »c ~a o u t iliz a -s e d e u m a lg o r i t m o fuzzy

p a r a o c o n t r o le d a ve lo c i d a d e d o r o b ^o c o m o b a s e d a d is t ^a n c ia d e ¯ n i d a e d o s d a d o s

s e n s o r ia is .

² g o o d b y e

E s t e c o m a n d o ¯ n a liz a a c o n e x~a o e n t r e o s e r vid o r e o c lie n t e .

4.1.4 Ser vidor de Dados Sensor iais

O s e r vid o r d e d a d o s s e n s o r ia is , d e n o m in a d o s e n s e r v e r , ¶e r e s p o n s ¶a ve l p e l a c a p -

t u r a d e d a d o s d o r o b ^o e o s e u e n vio p a r a o c lie n t e . D ive r s a s in fo r m a »c ~o e s p o d e m s e r

o b t id a s a t r a v¶ e s d e s t e s e r vid o r , e n t r e a s qu a is : d a d o s s e n s o r ia is d o s s o n a r e s , d a d o s d o s

s e n s o r e s d e IR , e s t a d o d a c a r g a d a s b a t e r i a s , p o s i »c ~a o e s t im a d a ( o d o m e t r i a ) e ve lo c i d a d e

a t u a l d o s e ixo s d o r o b ^o . D o is c o m a n d o s s ~a o d is p o n ib iliz a d o s n o s e r vid o r :

² g e t

O c o m a n d o g e t , a d e p e n d e r d e s e u p a r ^a m e t r o , r e a liz a a l e i t u r a d e d a d o s d o

r o b ^o , e n via n d o -o s d e fo r m a fo r m a t a d a p a r a o c lie n t e . N a t a b e l a 4 .3 s ~a o d e s c r it o s

o s p a r ^a m e t r o s u t iliz a d o s n o c o m a n d o e s u a s r e s p e c t iva s fu n »c ~o e s . A s s i m , p o r

e xe m p l o , o c o m a n d o g e t = I R r e t o r n a o s d a d o s d o s s e n s o r e s d e in fr a ve r m e lh o .



Guiagem do Robô M¶ovel XR4000 via Internet 5 7

P a r ^a m e t r o Fu n »c ~a o

b a t t e r y R e t o r n a o e s t a d o d e t e n s ~a o ( m V ) d a s b a t e r ia s d o r o b ^o .

I R R e t o r n a d a d o s r e la t ivo s a o s s e n s o r e s p o r IR ( i n t e n s id a d e r e ° e t i d a ) .

o d o m e t r y R e t o r n a a p o s i »c ~a o ( X; Y ) e o r ie n t a »c ~a o µ e s t i m a d a d o r o b ^o .

s o n a r R e t o r n a d a d o s d e d is t ^a n c ia ( m m ) d o s s e n s o r e s u l t r a s ^o n ic o s .

s p e e d R e t o r n a a s ve lo c i d a d e s in s t a n t ^a n e a s d o s t r ^e s e ixo s d e m o vim e n t o d o

r o b ^o ( X; Y; µ ) .

Ta b e l a 4 .3 : P a r ^a m e t r o s u t iliz a d o s n o c o m a n d o g e t .

² g o o d b y e

E s t e c o m a n d o ¯ n a liz a a c o n e x~a o e n t r e o s e r vid o r e o c lie n t e .

4.1.5 Ser vidor de P ar ada

E s t e s e r vid o r , d e n o m in a d o d e s t o p s e r v e r , fo i d e s e n vo lvid o c o m a ¯ n a lid a d e d e

p r o ve r u m a s e g u r a n »c a e xt r a p a r a o r o b ^o . Ca s o o u s u ¶a r io ve r i ¯ qu e qu e o s e r vid o r

d e m o vim e n t o s r o b s e r v e r e s t ¶a fu n c io n a n d o in a d e qu a d a m e n t e , ¶ e p o s s ¶ ³ve l p a r a lis a r o

m o vim e n t o d o r o b ^o . E s t e s e r vid o r p o s s u i d o i s c o m a n d o s :

² s t o p

O c o m a n d o s t o p = o n r e a liz a a p a r a d a \ i n s t a n t ^a n e a " d o r o b ^o a t r a v¶e s d o e n vio d e

u m s in a l p a r a o s e r vid o r r o b s e r v e r .

² g o o d b y e

E s t e c o m a n d o ¯ n a liz a a c o n e x~a o e n t r e o s e r vid o r e o c lie n t e .

4.2 A I nter face via I nter net

A in t e r fa c e d e c o n t r o l e d o s i s t e m a ¶ e b a s e a d a n a lin g u a g e m d e p r o g r a m a »c ~a o Ja va ,

a t u a lm e n t e a p l a t a fo r m a d e d e s e n vo lvim e n t o d e software m a i s a d e qu a d a p a r a a p lic a »c ~o e s

n a In t e r n e t . O s is t e m a d e s e n vo lvid o c o n s is t e e m d o is applets, o u s e ja , p r o g r a m a s

c a r r e g a d o s p e l o browser qu e fu n c io n a m n a m ¶a qu in a r e m o t a d o c lie n t e . E s s e s applets

c o n e c t a m -s e c o m o s s e r vid o r e s l o c a liz a d o s n o r o b ^o m ¶o ve l, p e r m it in d o a s s im o e n vio e

r e c e b i m e n t o d e d a d o s e n t r e o u s u ¶a r io e o r o b ^o . A s e g u ir s ~a o p o r m e n o r iz a d o s o s applets

d e s e n vo lvid o s .



Guiagem do Robô M¶ovel XR4000 via Internet 5 8

4.2.1 Applet de Contr ole do P an-Tilt

O applet d e c o n t r o le d o pan-tilt ¶ e r e s p o n s ¶a ve l p e lo p o s i c i o n a m e n t o d a c ^a m e r a d e

v¶ ³d e o d o r o b ^o , p o s s ib ilit a n d o u m a vis u a liz a »c ~a o d o a m b ie n t e n o qu a l o r o b ^o s e e n c o n t r a ,

s e ja n a d ir e »c ~a o d e s e u m o vim e n t o c o m o e m o u t r a s d i r e »c ~o e s . In ic ia lm e n t e a c ^a m e r a ¶e

p o s ic io n a d a h o r i z o n t a lm e n t e e d i r e c io n a d a p a r a a p o s i »c ~a o fr o n t a l d o r o b ^o . O applet d e

c o n t r o l e ( ¯ g u r a 4 .4 ) ¶ e c o m p o s t o p e l o s s e g u in t e s s u b s is t e m a s :

Fig u r a 4 .4 : Applet d e c o n t r o l e d o pan-tilt.

² J oystick

O joystick c o n s is t e n u m c o n ju n t o d e n o ve b o t ~o e s , r e s p o n s ¶a ve is p e l o p o s ic io n a -

m e n t o r e la t ivo d a c ^a m e r a . O b o t ~a o c e n t r a l, d e n o m in a d o c e n t e r , r e a liz a a c e n -

t r a liz a »c ~a o d a c ^a m e r a , r e p o s ic io n a n d o -a n o va m e n t e p a r a a p o s i»c ~a o h o r iz o n t a l e

d i r e c io n a d a p a r a a p a r t e fr o n t a l d o r o b ^o .

² Co n t r o le s

A s e »c ~a o d e c o n t r o l e r e a liz a a c o n ¯ g u r a »c ~a o d o d e s lo c a m e n t o a n g u la r d o pan-tilt e

d a p o s i »c ~a o a b s o lu t a d o m e s m o .

² Gr ¶a ¯ c o s d e Or ie n t a »c ~a o

Os g r ¶a ¯ c o s d e o r i e n t a »c ~a o a p r e s e n t a m d e fo r m a s im p l e s a o r ie n t a »c ~a o t o m a d a p e la

c ^a m e r a c o m r e l a »c ~a o a o r o b ^o . N a p a r t e s u p e r io r ¶e m o s t r a d a u m a vis t a d e c i m a d o

s i s t e m a , p e r m it in d o a vis u a liz a »c ~a o d a r o t a »c ~a o pan. N a p a r t e in fe r i o r a p r e s e n t a -s e

u m a vis t a la t e r a l d o s i s t e m a , p e r m i t i n d o a vis u a liz a »c ~a o d a r o t a »c ~a o tilt. O fo r m a -

lis m o m a t e m ¶a t ic o u t iliz a d o p a r a o d e s e n vo lvim e n t o d e s s e s g r ¶a ¯ c o s ¶ e a p r e s e n t a d o

n o a p ^e n d ic e D .
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4.2.2 Applet de Contr ole de M ovimentos

O applet d e c o n t r o l e d e m o vim e n t o s ¶e r e s p o n s ¶a ve l p e la i n t e r fa c e e n t r e o u s u ¶a r io

e o s s e r vid o r e s r o b s e r v e r , s e n s e n v e r e s t o p s e r v e r lo c a liz a d o s n o r o b ^o . Co m b a s e

n e s t a in t e r fa c e , o c lie n t e ¶ e c a p a z d e p o s ic i o n a r o r o b ^o n o p la n o , r e a liz a r a ju s t e s d e

d e s lo c a m e n t o lin e a r e a n g u la r a s s i m c o m o r e c e b e r d a d o s s e n s o r ia is e o e s t a d o g e r a l

d a s b a t e r i a s d o r o b ^o . O applet d e c o n t r o le ( ¯ g u r a 4 .5 ) ¶e c o m p o s t o p e lo s s e g u i n t e s

s u b s is t e m a s :

Fig u r a 4 . 5 : Applet d e c o n t r o l e d e m o vim e n t o s .

² \ Jo ys t ic k"

O joystick c o n s i s t e n u m c o n ju n t o d e s e t e b o t ~o e s , r e s p o n s ¶a ve is p e lo p o s ic io n a m e n -

t o r e la t ivo d o r o b ^o ( t r a n s l a »c ~a o X; Y e r o t a »c ~a o µ) . O b o t ~a o c e n t r a l, d e n o m i n a -

d o s t o p , r e a liz a a p a r a d a \ in s t a n t ^a n e a " d o r o b ^o , c o n e c t a n d o -s e c o m o s e r vid o r

s t o p s e r v e r .

² Co n t r o le s

A s e »c ~a o d e c o n t r o l e r e a liz a a c o n ¯ g u r a »c ~a o d o d e s l o c a m e n t o lin e a r e a n g u l a r d o

r o b ^o , a l¶ e m d a ve lo c id a d e d e r o t a »c ~a o d o r o b ^o .

² D a d o s S e n s o r i a is

O applet a p r e s e n t a u m m o d e lo d o r o b ^o ( vis t a s u p e r i o r ) c o m u m c ¶o d ig o d e c o r e s

d o s s e n s o r e s d e IR o u s o n a r e s . O c ¶o d ig o d e c o r e s s e g u e o p a d r ~a o d o s is t e m a d e

t r ^a n s it o , o u s e ja , ve r m e l h o in d i c a p r o xim id a d e , a m a r e lo m ¶e d ia d i s t ^a n c i a e ve r d e

lo n g a d i s t ^a n c ia . N e s t a p a r t e t a m b ¶e m a p r e s e n t a -s e o d a d o d e t e n s ~a o d a s b a t e r i a s

d o r o b ^o , in d ic a n d o a o u s u ¶a r io a a u t o n o m ia d o r o b ^o .
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Fig u r a 4 .6 : D ia g r a m a e s qu e m ¶a t i c o d o s is t e m a .

4.2.3 I magens da Câmer a do Robô

A r e c e p »c ~a o d a s im a g e n s a n i m a d a s p e l o s e r vid o r ¶e r e s p o n s a b ilid a d e d o n a ve g a d o r

Netscape. D u r a n t e o fu n c i o n a m e n t o d o s is t e m a o u s u ¶a r i o in i c i a lm e n t e vis u a liz a a a n i-

m a »c ~a o g e r a d a p e l o s i s t e m a , s e n d o c a p a z d e m o vim e n t a r e e xp lo r a r o a m b i e n t e r e m o t o

a t r a v¶e s d e s s a s im a g e n s . Ca s o s e ja n e c e s s ¶a r io , o u s u ¶a r i o p o d e r e a liz a r u m \ z o o m " d a

im a g e m p r e s s i o n a n d o o mouse s o b r e a a n im a »c ~a o , s e n d o e n t ~a o m o s t r a d a u m a im a g e m

e s t ¶a t ic a a m p lia d a d o s e r vid o r d e i m a g e n s d o r o b ^o ( s e r vid o r J P G S t d ) .

4.2.4 E squema Ger al do Sistema

A ¯ g u r a 4 . 6 a p r e s e n t a u m r e s u m o d o s s e r vid o r e s e c lie n t e s d e s e n vo lvid o s n o p r o -

je t o , r e s s a lt a n d o o ° u xo d e d a d o s e n t r e o s s e u s d ive r s o s c o m p o n e n t e s e e n t r e o r o b ^o

X R 4 0 0 0 e o browser N e t s c a p e .

4.2.5 P ¶agina H T M L do Sistema de T eleoper a»c~ao

Os applets d e s e n vo lvid o s e a s i m a g e n s g e r a d a s fo r a m r e u n id o s n u m a p ¶a g in a

H TML , r e s p o n s ¶a ve l p e la in t e r a »c ~a o c o m o u s u ¶a r i o . A ¯ g u r a 4 . 7 m o s t r a o r e s u lt a d o

¯ n a l d o s is t e m a d e t e le o p e r a »c ~a o .

4.3 Contr olador de Velocidade por L¶ogica F uzzy

A p lic a »c ~o e s d e t e le o p e r a »c ~a o n e c e s s i t a m d e u m a c e r t a a u t o n o m i a p a r a s e g a r a n t ir

a s e g u r a n »c a d o s i s t e m a , vis t o qu e o t e m p o e n t r e o e n vio d e u m c o m a n d o e o r e c e b i-

m e n t o d a s im a g e n s o u d a d o s s e n s o r i a i s p o d e s e r d a o r d e m d e s e g u n d o s . U m a a p lic a »c ~a o

s i m p le s d e c o n t r o l e d e ve lo c id a d e ¶ e n e c e s s ¶a r io , d e fo r m a a s e g a r a n t i r u m a ve lo c i d a d e

d e m o vim e n t a »c ~a o d o r o b ^o a d e qu a d a a o a m b ie n t e n o qu a l e l e s e e n c o n t r a . P a r a u m
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Fig u r a 4 . 7 : P ¶a g i n a H TML d e t e l e o p e r a »c ~a o d o s is t e m a .

a m b ie n t e livr e d e o b s t ¶a c u lo s ¶e p o s s ¶ ³ve l o a u m e n t o d a ve lo c i d a d e d o s is t e m a , e n qu a n t o

qu e p a r a u m a m b ie n t e c o n g e s t io n a d o d e ve -s e u t iliz a r m e n o r e s ve lo c id a d e s p a r a qu e s e

e vit e a c o lis ~a o o u s e m i n im i z e o s e fe it o s d e u m a c o lis ~a o a c id e n t a l.

N e s t e t r a b a lh o u t iliz o u -s e d a l¶o g ic a fuzzy c o m o fo r m a d e c o n t r o le d e ve lo c id a d e d o

r o b ^o m ¶o ve l, b a s e a n d o a ve lo c id a d e d e s a ¶ ³d a n a d i s t ^a n c i a a s e r p e r c o r r id a ( d e ¯ n i d a p e lo

u s u ¶a r i o ) e n a d is t ^a n c ia d o s o b s t ¶a c u lo s p r e s e n t e s n o a m b ie n t e ( a l e a t ¶o r i o s e t r a n s ie n t e s ) .

Ma t e m a t i c a m e n t e o c o n t r o la d o r fuzzy r e a liz a o s e g u i n t e m a p e a m e n t o d e e s p a »c o s :

v = f ( dd; do )

o n d e :

v ve lo c id a d e d o r o b ^o

dd d is t ^a n c ia d e ¯ n id a p e l o u s u ¶a r io

do d is t ^a n c ia d o o b s t ¶a c u lo m a is p r ¶o xim o n a d i r e »c ~a o d o m o vim e n t o .
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4.3.1 De¯ni»c~ao dos Conjuntos F uzzy

O s is t e m a fuzzy d e s e n vo lvid o u t iliz a d u a s va r i¶a ve is d e e n t r a d a ( s o n a r e d i s t a n c e )

e u m a va r i¶a ve l d e s a ¶ ³ d a ( s p e e d ) . A s e g u i r s ~a o e xp lic it a d a s a s d e ¯ n i »c ~o e s u t iliz a d a s p a r a

a s va r i ¶a ve is :

² d i s t a n c e

Fo r a m u t iliz a d a s fu n »c ~o e s d e p e r t in ^e n c ia d e fo r m a t r i a n g u la r , d is c r e t i z a n d o o s

va lo r e s d a d o s p e l o u s u ¶a r i o ( 0 mm < dd · 5 0 0 0 mm) e m c in c o c o n ju n t o s fuzzy.

U t iliz o u -s e s u p e r p o s i»c ~a o n e s t e s c o n ju n t o s ( ¯ g u r a 4 . 8 ) , d e fo r m a a s u a viz a r a fuzzy-

¯ca»c~ao d o s d a d o s .

Fig u r a 4 .8 : Fu n »c ~o e s d e p e r t i n ^ e n c ia p a r a a va r i¶a ve l d is t a n c e .

² s o n a r

Fo r a m t a m b ¶ e m u t iliz a d a s fu n »c ~o e s d e p e r t in ^ e n c ia d e fo r m a t r i a n g u la r , d i s c r e t iz a n -

d o o s va lo r e s lid o s p e lo s e n s o r u lt r a s ^o n i c o ( 0 mm < dd · 8 0 0 0 mm) e m c i n c o

c o n ju n t o s fuzzy. U t iliz o u -s e s u p e r p o s i »c ~a o n e s t e s c o n ju n t o s ( ¯ g u r a 4 . 9 ) , d e fo r m a

a s u a viz a r a fuzzy¯ca»c~ao d o s d a d o s .

Fig u r a 4 .9 : Fu n »c ~o e s d e p e r t i n ^ e n c ia p a r a a va r i¶a ve l s o n a r .
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² s p e e d

U t iliz o u -s e c o m o fu n »c ~a o d e p e r t in ^e n c i a d e s a ¶ ³d a a fo r m a t r a p e z o i d a l ( ¯ g u r a 4 .1 0 ) ,

c o m o o b je t ivo d e c r ia r c i n c o n ¶ ³ve is d e ve lo c id a d e p r e fe r e n c ia is ( a t r a v¶e s d e des-

fuzzy¯ca»c~ao p e lo m ¶ e t o d o d o c e n t r ¶o id e ) . A ve lo c id a d e d e s a ¶ ³ d a e n c o n t r a -s e n a

fa ixa 0 mm=s · v · 1 5 0 0 mm=s.

Fig u r a 4 . 1 0 : Fu n »c ~o e s d e p e r t i n ^ e n c ia p a r a a va r i¶a ve l s p e e d .

4.3.2 De¯ni»c~ao das Regr as

A d e ¯ n i»c ~a o d a s r e g r a s d o c o n t r o la d o r fuzzy b a s e ia -s e n o fa t o d e qu e o r o b ^o d e ve s e

m o ve r d e fo r m a m a i s l e n t a qu a n d o p r ¶o xim o d e o b s t ¶a c u lo s o u p r ¶o xim o d e s e u d e s t in o .

Co m b a s e n e s t a i d ¶ e i a , a m a t r iz c o n t id a n a t a b e l a 4 .4 a p r e s e n t a a s r e g r a s u t iliz a d a s

n u m a fo r m a c o n d e n s a d a . A ¯ g u r a 4 . 1 1 a p r e s e n t a a s r e g r a s n o s i s t e m a Xfuzzy.

S o n a r n D i s t a n c e V N N M F V F

V N V S V S V S V S V S

N V S S S S S

M V S S M M M

F V S S M F F

V F V S S M F V F

Sonar, Distance Speed

VN Muito perto VS Muito devagar

N Perto S Devagar

M M¶edio M M¶edio

F Longe F R¶apido

VF Muito longe VF Muito r¶apido

Ta b e la 4 . 4 : R e g r a s u t iliz a d a s n o c o n t r o l a d o r .
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Fig u r a 4 .1 1 : R e g r a s d e ¯ n i d a s n o c o n t r o l a d o r .

4.3.3 Super f¶³cie de Resposta do Contr olador

Co m b a s e n a s d e ¯ n i»c ~o e s d e c o n ju n t o s fuzzy, r e g r a s e m ¶e t o d o d e desfuzzy¯ca»c~ao

( m ¶ e t o d o d o c e n t r ¶o i d e ) , fo i o b t id a a s u p e r f¶ ³c ie d e r e s p o s t a d o c o n t r o l a d o r ( ¯ g u r a 4 .1 2 ) .

Fig u r a 4 . 1 2 : S u p e r f¶ ³c ie d e r e s p o s t a d o c o n t r o la d o r fuzzy.

Ob s e r va -s e n o g r ¶a ¯ c o a p r e s e n t a d o u m a r e la t iva s u a vid a d e n a r e s p o s t a d o c o n t r o -

la d o r , n ~a o a p r e s e n t a n d o g r a n d e s va r i a »c ~o e s d e ve lo c i d a d e p a r a p e qu e n a s va r ia »c ~o e s d a s

va r i ¶a ve is d e e n t r a d a . V e r ī c a -s e a i n d a qu e a r e s p o s t a d o c o n t r o la d o r s e g u e a s r e g r a s

d e ¯ n id a s , p o s s u in d o b a ixa s ve lo c i d a d e s p a r a c o n d i »c ~o e s d e d i s t ^a n c ia o u le it u r a s d e s o n a r

p r ¶o xim a s .

4.3.4 Resultados Obtidos com o Contr olador

O s is t e m a d e m o vim e n t a »c ~a o d o r o b ^o p o s s u i s e n s o r e s qu e d is p o n i b iliz a m a o u s u ¶a r io

o e s t a d o a t u a l d e s e u s a t u a d o r e s , o u s e ja , p o s i»c ~a o , ve lo c i d a d e e a c e le r a »c ~a o . P a r a



Guiagem do Robô M¶ovel XR4000 via Internet 6 5

a a n ¶a lis e d o c o n t r o l a d o r fuzzy d e s e n vo lvid o u t iliz o u -s e d o s d a d o s d e ve lo c i d a d e d o

s i s t e m a , a s s im c o m o d e d a d o s d o r e l¶o g io i n t e r n o d o r o b ^o .

A t r a v¶ e s d a m e t o d o lo g ia d e p r o je t o fa t o r ia l a d o i s n ¶ ³ve is ( t r ^e s va r i ¶a ve is in d e -

p e n d e n t e s e d u a s r e p e t i »c ~o e s ) fo r a m e s t u d a d a s , d e fo r m a qu a lit a t iva , a in ° u ^ e n c ia d a s

va r i ¶a ve is distância per cor r ida, aceler a»c~ao e d o s dados sensor iais s o b r e a fo r m a

d a s c u r va s d e ve lo c i d a d e d o r o b ^o n o t e m p o . E s s a a n ¶a lis e vis o u u m m a i o r c o n h e c im e n t o

d a s c a p a c id a d e s e lim it a »c ~o e s d o c o n t r o l a d o r d e s e n vo lvid o . A t a b e l a 4 .5 a p r e s e n t a u m

r e s u m o d o s r e s u l t a d o s o b t id o s n o s e xp e r i m e n t o s . Gr ¶a ¯ c o s o b t id o s n o e xp e r i m e n t o s ~a o

a p r e s e n t a d o s n o a p ^e n d i c e C.

Experimento Corridas Distância Sensor Acelera»c~ao Varia»c~ao? Oscila»c~ao?

1 1,13 - - - N~ao Pequena

2 2,6 - - + N~ao Grande

3 4,12 - + - Sim Grande

4 10,11 - + + Sim Grande

5 5,8 + - - N~ao Grande

6 15,16 + - + N~ao Grande

7 7,9 + + - Sim Grande

8 3,14 + + + Sim Grande

Ta b e l a 4 .5 : R e s u l t a d o s d o p r o je t o fa t o r i a l r e a liz a d o .

Var ia»c~ao r e fe r e -s e µa o b s e r va »c ~a o s e a s d u a s c u r va s o b t i d a s p a r a c a d a c o n ¯ g u r a »c ~a o

a p r e s e n t a m g r a n d e d i s p e r s ~a o , e n qu a n t o Oscila»c~ao r e fe r e -s e µa o b s e r va »c ~a o s e c a d a u m a

d a s c u r va s p o s s u i o s c ila »c ~a o p r o n u n c i a d a d e ve lo c i d a d e n o t e m p o .

E feitos da Distância P er cor r ida

A d is t ^a n c ia p e r c o r r id a , va r i a d a e n t r e 2 m ( -) e 4 m ( +) , n ~a o a p r e s e n t a in ° u ^ e n c ia

n o s p a r ^a m e t r o s a n a lis a d o s , e m b o r a o s e u a u m e n t o p e r m it a , d e vid o a o m a i o r t e m p o

d e via g e m , u m a m a i o r p e r m a n ^e n c ia d o s is t e m a n a ve lo c i d a d e m ¶a xim a p e r m it id a p e lo

c o n t r o l a d o r .

E feitos da Aceler a»c~ao dos Atuador es

A a c e l e r a »c ~a o d o r o b ^o , va r ia d a e n t r e 2 0 0 mm=s2 ( -) e 8 0 0 mm=s2 ( +) n ~a o a p r e s e n -

t o u in ° u ^ e n c ia p e r c e p t ¶ ³ve l s o b r e o s p a r ^a m e t r o s a n a lis a d o s , a t u a n d o s o m e n t e n o t e m p o

t o t a l d e via g e m d o r o b ^o .
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E feitos dos Dados Sensor iais

Os s e n s o r e s u lt r a s ^o n ic o s s ~a o g r a n d e m e n t e in ° u e n c ia d o s p o r e fe it o s d e r e ° e x~a o

d a s o n d a s n o a m b i e n t e . Co m o m o s t r a a ¯ g u r a 4 .1 3 , o s i s t e m a s e n s o r ia l a p r e s e n t a u m

g r a n d e r u ¶ ³d o , d e m o n s t r a d o p o r g r a n d e s va r ia »c ~o e s d o s d a d o s n o t e m p o . E s s a va r ia »c ~a o

p o d e r e p r e s e n t a r u m a i n ° u ^e n c i a n a r e s p o s t a d e ve lo c id a d e d o c o n t r o l a d o r fuzzy.

Fig u r a 4 .1 3 : L e it u r a d e s o n a r e s e m fu n »c ~a o d o t e m p o .

O e fe it o d o s d a d o s s e n s o r i a i s fo i a n a lis a d o d e s lig a n d o -s e s u a a »c ~a o s o b r e o c o n -

t r o la d o r ( -) o u lig a n d o -o s a o c o n t r o l a d o r ( +) . V e r i ¯ c o u -s e c la r a m e n t e , c o m o p r e vis t o

a n t e r io r m e n t e , u m a g r a n d e in ° u ^ e n c ia s o b r e a var ia»c~ao d e ve lo c i d a d e n o s i s t e m a d e

c o n t r o l e fuzzy, o qu e in d ic a qu e p a r a u m a m e lh o r u t iliz a »c ~a o d e s s e s d a d o s s e n s o r ia is

d e va -s e u t iliz a r u m ¯ lt r o n o s d a d o s s e n s o r ia is , d e fo r m a a e s t a b iliz a r a s a ¶ ³d a d o c o n -

t r o la d o r .

4.4 An¶alise dos Resultados do P r ojeto

N e s t a s e »c ~a o ¶ e a p r e s e n t a d a a s im u la »c ~a o d a u t iliz a »c ~a o d o s i s t e m a d e t e l e o p e r a »c ~a o d o

r o b ^o X R 4 0 0 0 , r e a liz a d a n o la b o r a t ¶o r i o d o GR A CO, e p r o p o s t a s d e m e l h o r ia s a s e r e m

r e a liz a d a s n o s is t e m a .

4.4.1 Simula»c~ao de I nspe»c~ao de T ubula»c~oes Soldadas

Fo i r e a liz a d a u m a s i m u l a »c ~a o d a a p lic a »c ~a o p r ¶a t ic a d o s i s t e m a d e t e le o p e r a »c ~a o

d e s e n vo lvid o a t r a v¶e s d a n a ve g a »c ~a o d o r o b ^o n o a m b ie n t e d o la b o r a t ¶o r io d o GR A CO, a

a p r o xim a »c ~a o d o r o b ^o a o o b je t ivo e a vis u a liz a »c ~a o d e u m a e s t r u t u r a s o l d a d a .
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Fig u r a 4 . 1 4 : Mo vim e n t o d e a p r o xim a »c ~a o d o r o b ^o .

O o b je t ivo d a s im u la »c ~a o fo i, a p a r t ir d a o r i g e m d o \ e s t a c i o n a m e n t o " d o r o b ^o ,

c h e g a r µa e s t r u t u r a s o l d a d a e c a p t u r a r u m a i m a g e m d a s o ld a , d e fo r m a a p e r m i t i r a

a n ¶a lis e r e m o t a d a m e s m a . Fo r a m c a p t u r a d a s qu a t r o im a g e n s d u r a n t e o p r o c e s s o d e

n a ve g a »c ~a o , a p r e s e n t a n d o o p r o c e s s o d e a p r o xim a »c ~a o d o r o b ^o µa c ¶e lu l a d e s o ld a g e m d e

qu a d r o s d e b i c i c l e t a s p r e s e n t e n o la b o r a t ¶o r i o . E s t a n d o o r o b ^o a d e qu a d a m e n t e p o s i-

c io n a d o , a c ^a m e r a d o m e s m o fo i a ju s t a d a d e fo r m a a o b t e r u m a b o a o r ie n t a »c ~a o e e n t ~a o

a im a g e m a m p lia d a d o qu a d r o s o ld a d o fo i g r a va d a . A s ¯ g u r a s 4 .1 4 e 4 . 1 5 a p r e s e n t a m

o d e s e n vo lvim e n t o d a s im u la »c ~a o .

A p e s a r d a s i m p lic id a d e d a s i m u l a »c ~a o a p r e s e n t a d a , e s t a m o s t r a a s p r in c ip a is c a -

p a c id a d e s d o s i s t e m a d e s e n vo lvid o , o u s e ja , a n a ve g a »c ~a o a t r a v¶ e s d e i m a g e n s d o a m b i e n t e

r e m o t o e o c o n t r o le fuzzy d e ve lo c id a d e e m fu n »c ~a o d o s o b s t ¶a c u l o s n o a m b i e n t e .

4.4.2 Discuss~ao dos Resultados

A t e c n o l o g i a d e t e l e o p e r a »c ~a o via In t e r n e t e n c o n t r a -s e e m s e u e s t ¶a g i o in ic ia l d e

d e s e n vo lvim e n t o , t e n d o s u a a p lic a b ilid a d e a in d a r e d u z id a d e vid o µa b a ixa ve lo c i d a d e

d e t r a n s m i s s ~a o d e d a d o s d a a t u a lid a d e . N e s t e t r a b a lh o fo i a p r e s e n t a d o o d e s e n vo lvi-

m e n t o d e u m s i s t e m a d e g u i a g e m d o r o b ^o X R 4 0 0 0 via In t e r n e t p a r a a in s p e »c ~a o d e

t u b u la »c ~o e s i n d u s t r i a i s s o l d a d a s . E s t e s i s t e m a d e t e l e o p e r a »c ~a o u t iliz a c o m o fe r r a m e n t a

d e c o m u n i c a »c ~a o d e d a d o s a lin g u a g e m d e p r o g r a m a »c ~a o Ja va , a t u a lm e n t e a p l a t a fo r m a
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Fig u r a 4 .1 5 : Im a g e m a m p lia d a d a s p e »c a s s o ld a d a s .

m a is a d e qu a d a a o d e s e n vo lvim e n t o d e a p lic a »c ~o e s n a In t e r n e t . O s is t e m a a p r e s e n t a a o

u s u ¶a r i o im a g e n s o b t i d a s d o a m b ie n t e r e m o t o a s s im c o m o d a d o s s e n s o r ia is d o r o b ^o , e

p e r m it e a o m e s m o o c o n t r o le d e m o vim e n t o s d o r o b ^o e d a c ^a m e r a e m b a r c a d a n o s i s -

t e m a . D e vid o µa s r e s t r i »c ~o e s d e ve lo c id a d e d e c o m u n ic a »c ~a o a s i m a g e n s c a p t u r a d a s s ~a o

c o m p r im id a s n o fo r m a t o JP E G, p e r m it in d o a s s i m u m m e n o r c o n s u m o d e b a n d a d e

c o m u n ic a »c ~a o e m e l h o r a n d o a a p r e s e n t a »c ~a o d a s im a g e n s a o u s u ¶a r io . A n e c e s s id a d e d e

u m s is t e m a s e g u r o d e c o n t r o le d o r o b ^o e d e vid o a o s a t r a s o s in e r e n t e s µa c o m u n i c a »c ~a o via

In t e r n e t le va r a m µa u t iliz a »c ~a o d e u m s i s t e m a d e c o n t r o le d e ve lo c id a d e d o r o b ^o b a s e a -

d o n a l¶o g ic a fuzzy. E s t e c o n t r o l a d o r ¶ e r e s p o n s ¶a ve l p e la s e g u r a n »c a d o s i s t e m a , a t r a v¶ e s

d o m o n it o r a m e n t o d o s d a d o s s e n s o r ia is d o a m b ie n t e e d o c o n t r o l e d a ve lo c id a d e d o

r o b ^o . Fo i ve r ī c a d o , a t r a v¶e s d e e xp e r i m e n t o s , qu e o c o n t r o l a d o r fuzzy ¶e s e n s ¶ ³ve l a o s

d a d o s o b t i d o s a t r a v¶e s d o s s e n s o r e s u l t r a s ^o n ic o s d o r o b ^o , o qu e l e va µa n e c e s s i d a d e d e

s e d e s e n vo lve r u m a e s p ¶ e c i e d e ¯ l t r o d e d a d o s s e n s o r ia i s p a r a o b t e r u m a m a io r e s t a b i-

lid a d e e c o n ¯ a b ilid a d e n o s is t e m a d e c o n t r o l e d e ve lo c i d a d e . A u t iliz a »c ~a o d o s is t e m a

t e le o p e r a d o e m a m b ie n t e s c o n h e c i d o s t a m b ¶e m r e qu e r o p o s t e r i o r d e s e n vo lvim e n t o d e

u m s i s t e m a a u t ^o n o m o d e n a ve g a »c ~a o , o qu e s i m p li¯ c a r ia a t e l e o p e r a »c ~a o d o r o b ^o m ¶o ve l

X R 4 0 0 0 e m a m b ie n t e s e s t r u t u r a d o s .
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4.4.3 P r opostas de M elhor ias no Sistema

Co m b a s e n a s a n ¶a lis e s a p r e s e n t a d a s a n t e r io r m e n t e , s ~a o p r o p o s t a s a s s e g u i n t e s

e vo lu »c ~o e s a o p r o je t o :

² D e s e n vo lvim e n t o d e u m m a p a e s t ¶a t ic o d o a m b i e n t e , p e r m it in d o a o u s u ¶a r io o

c o n h e c im e n t o d e o b s t ¶a c u lo s ¯ xo s n o a m b i e n t e d e t r a b a l h o ;

² D e s e n vo lvim e n t o d e u m s is t e m a a u t ^o n o m o d e n a ve g a »c ~a o , d e fo r m a a a u xilia r o

u s u ¶a r i o n o c o n t r o le d o r o b ^o e m u m a m b i e n t e c o n h e c id o ;

² U t iliz a »c ~a o d e u m s i s t e m a d e ¯ l t r o n o s d a d o s s e n s o r i a is ( u s a n d o r e d e s n e u r a is o u

l¶o g i c a fuzzy ) , d e fo r m a a m in im iz a r a va r ia »c ~a o d e ve lo c id a d e d o c o n t r o l a d o r fuzzy

d e c o r r e n t e s d e d a d o s s e n s o r ia is t r a n s ie n t e s ;

² P e r m it ir o e n vio d e i m a g e m s e m c o m p r e s s ~a o e m a i o r qu a lid a d e p a r a p o s t e r i o r

p r o c e s s a m e n t o d a s m e s m a p a r a ¯ m d e in s p e »c ~a o d e ju n t a s s o ld a d a s .
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Conclus~ao

O d e s e n vo lvim e n t o r e a liz a d o n o p r o je t o e a s u a a n ¶a lis e p e r m it ir a m a s s e g u i n t e s

c o n s id e r a »c ~o e s ¯ n a is s o b r e o m e s m o :

² R e s t r i »c ~o e s d a Te le o p e r a »c ~a o via In t e r n e t

A b a ixa ve lo c i d a d e d a I n t e r n e t n a a t u a lid a d e r e qu e r u m s i s t e m a r o b u s t o e d o t a d o

d e u m a r e l a t iva in t e lig ^e n c ia p a r a a s s e g u r a r a s e g u r a n »c a d o s is t e m a .

² Co n t r o le F uzzy

A r e s t r i»c ~a o d e ve lo c id a d e d e c o m u n ic a »c ~a o c o m o c lie n t e n e c e s s it o u d e u m s i s -

t e m a d e i n t e lig ^ e n c ia a r t ī c ia l b a s e a d o e m l¶o g ic a fuzzy p a r a g a r a n t ir u m a m e l h o r

it e r a »c ~a o r o b ^o -a m b ie n t e , g a r a n t i n d o -s e a s s im a in t e g r i d a d e f¶ ³ s i c a d o s is t e m a .

² In t e r fa c e Ja va e Im a g e n s d o A m b ie n t e

A i n t e r fa c e Ja va d e s e n vo lvid a a lia d a µa s im a g e n s c a p t u r a d a s e a n im a d a s m o s t r a r a m -

s e a d e qu a d o s p a r a a t e l e o p e r a »c ~a o d o r o b ^o , m e s m o c o n s i d e r a n d o -s e a s r e s t r i»c ~o e s

d e c o m u n i c a »c ~a o .

² N a ve g a »c ~a o A u t ^o n o m a

A e vo lu »c ~a o d o p r o je t o b a s e i a -s e n o d e s e n vo lvim e n t o d e u m s is t e m a a u t ^o n o m o d e

n a ve g a »c ~a o , p e r m i t i n d o -s e a s s i m m a i o r i n d e p e n d ^ e n c ia d o s i s t e m a e r e d u z i n d o a

a »c ~a o d o u s u ¶a r io a s o m e n t e t a r e fa s c r ¶ ³t ic a s .

7 0
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Apêndice A

T er minologia B ¶asica de Rob¶otica

M ¶ovel

ambiente r emoto ¶ e o a m b ie n t e n o qu a l e s t ¶a lo c a liz a d a a m ¶a qu in a t e l e o p e r a d a .

autonomia ¶e a c a p a c id a d e d e u m s is t e m a fu n c i o n a r a d e qu a d a m e n t e e m s e u a m b i e n t e

s e m a n e c e s s i d a d e d e i n t e r ve n »c ~a o h u m a n a .

compr ess~ao de imagens ¶e o m ¶e t o d o u t iliz a d o p a r a r e d u z i r o t a m a n h o f¶ ³ s i c o d e u m a

im a g e m , d e fo r m a a o t im iz a r a s u a u t iliz a »c ~a o p e l o u s u ¶a r io .

inteligência ar ti¯cial s ~a o m ¶ e t o d o s c o m p u t a c i o n a i s qu e vis a m d e s e n vo lve r u m n ¶ ³ve l

d e r a c io c ¶ ³n i o e in fe r ^ e n c ia e m m ¶a qu in a s .

l¶ogica fuzzy ¶ e a l¶o g ic a n ~a o a r i s t o t ¶e lic a e m qu e u m fa t o p o d e s e r ve r d a d e ir o , fa ls o o u

m e i o ve r d a d e ir o , u t iliz a d a p a r a c a r a c t e r iz a r c o m p u t a c io n a l m e n t e a im p r e c i s ~a o

t ¶ ³ p i c a d o s s e r e s h u m a n o s .

mapeamento ¶ e a o r g a n i z a »c ~a o d o s d a d o s s e n s o r ia i s e m u m a fo r m a a p r o p r i a d a p a r a

s e r e m u t iliz a d o s p e lo r o b ^o m ¶o ve l p a r a a n a ve g a »c ~a o a u t ^o n o m a n o a m b i e n t e .

navega»c~ao ¶ e a m o vim e n t a »c ~a o d o r o b ^o n o a m b ie n t e , c o m b a s e e m d a d o s s e n s o r i a i s ,

o d o m ¶ e t r ic o s e d e m a p a s a r m a z e n a d o s .

odometr ia ¶ e a e s t im a t iva c o m b a s e e m m o d e lo s c in e m ¶a t ic o s d a p o s i»c ~a o e o r i e n t a »c ~a o

d o r o b ^o e m s e u a m b i e n t e .

placa de captur a de imagens ¶e o e qu ip a m e n t o qu e c o n ve r t e a i m a g e m r e c e b i d a p o r

u m a c ^a m e r a d e v¶ ³d e o e m in fo r m a »c ~o e s a d e qu a d a s a o u s o e m c o m p u t a d o r e s .

planejamento de tar efa ¶ e o m ¶e t o d o p e lo qu a l u m r o b ^o r e a liz a a e s c o lh a d a t a r e fa a

s e r r e a liz a d a c o m b a s e n a s o r d e n s d e u m o p e r a d o r h u m a n o .
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planejamento de tr ajet¶or ia ¶e o m ¶e t o d o n o qu a l u m r o b ^o e s c o l h e a t r a je t ¶o r i a ¶o t im a

c o m b a s e n a t a r e fa a s e r r e a liz a d a , d e ¯ n i d a o u p o r u m o p e r a d o r o u p o r u m

s i s t e m a d e p la n e ja m e n t o d e t a r e fa s .

pr ocessamento de imagens ¶ e a t r a n s fo r m a »c ~a o e o b t e n »c ~a o d e i n fo r m a »c ~o e s d e u m a

im a g e m p a r a a u t iliz a »c ~a o e m p r o c e s s o s d e m e d i »c ~a o , p o s ic io n a m e n t o o u o r i e n t a »c ~a o

d e d i s p o s i t ivo s .

pr ocessamento de sinais ¶e a t r a n s fo r m a »c ~a o d e s i n a i s e l¶e t r ic o s o u d e d a d o s d e fo r m a

a o t i m iz a r o u o b t e r in fo r m a »c ~o e s p a r a p o s t e r io r u t iliz a »c ~a o p o r o u t r o s s i s t e m a s .

r obô s ~a o s is t e m a s c a p a z e s d e r e a liz a r t a r e fa s r e p e t it iva s d e fo r m a ° e x¶ ³ve l e p r o g r a m ¶a ve l.

r obô m¶ovel s ~a o r o b ^o s qu e p e r m i t e m m o vim e n t a »c ~a o p r ¶o p r ia s o b r e o s o l o , m o d ī c a n d o

s u a p o s i »c ~a o e m r e la »c ~a o a u m r e fe r e n c i a l ¯ xo .

sensor es s ~a o d is p o s it ivo s qu e r e a liz a m a t r a n s fo r m a »c ~a o d e fo r m a s d e e n e r g i a c o m o

o b je t ivo d e o b t e r in fo r m a »c ~o e s ¶u t e is a u m s is t e m a p r o d u t ivo o u r o b ¶o t ic o .

sensor es por infr aver melho s ~a o s e n s o r e s qu e u t iliz a m l u z in fr a ve r m e lh a c o m o s in a l

e m i t i d o e lid o p a r a m e d i »c ~a o d e d i s t ^a n c i a s o u t e m p e r a t u r a .

sensor es t¶ateis s ~a o s e n s o r e s a t iva d o s a t r a v¶ e s d o t o qu e o u c o lis ~a o , s e n d o u t iliz a d o s

e m r o b ^o s c o m o s is t e m a d e s e g u r a n »c a d o s i s t e m a .

sensor es ultr asônicos s ~a o s e n s o r e s qu e u t iliz a m p u l s o s d e s o m d e a lt a fr e qÄu ^ e n c ia

p a r a m e d i r , a t r a v¶e s d o t e m p o d e via g e m d a o n d a , a d is t ^a n c ia d o s e n s o r a t ¶e u m

o b je t o p r ¶o xim o .

teleoper a»c~ao ¶ e a m e t o d o l o g i a u t iliz a d a p a r a c o n t r o l a r d i s p o s i t ivo s µa d is t ^a n c ia , u s u a l-

m e n t e r e c e b e n d o i n fo r m a »c ~o e s d o a m b i e n t e r e m o t o .

teleoper ador ¶e o e qu ip a m e n t o c o n t r o la d o µa d i s t ^a n c i a a t r a v¶e s d e u m s i s t e m a d e t e l e -

o p e r a »c ~a o .

telepr esen»ca ¶e u m a fo r m a d e t e l e o p e r a »c ~a o n a qu a l o u s u ¶a r io , a t r a v¶ e s d e d i s p o s i t ivo s

e s p e c ia is , t e m a s e n s a »c ~a o d e e s t a r a t u a n d o d ir e t a m e n t e s o b r e o a m b ie n t e r e m o t o .



Apêndice B

Diagr amas de Fluxo de Dados do

Sistema

Fig u r a B . 1 : E s qu e m a g e r a l d o s i s t e m a .

Fig u r a B . 2 : Co m u n ic a »c ~a o d o s applets.
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Fig u r a B . 3 : Co m u n ic a »c ~a o d o s s e r vid o r e s .

Fig u r a B .4 : In t e r a »c ~a o e n t r e o s s e r vid o r e s R o b s e r ve r e S t o p S e r ve r .

Fig u r a B . 5 : Fu n c io n a m e n t o d o s s e r vid o r e s d e v¶ ³d e o .
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Fig u r a B . 6 : L e i t u r a d o s d a d o s s e n s o r i a is .



Apêndice C

Dados Utilizados no P r ojeto

Fator ial

Fig u r a C.1 : D a d o s o b t i d o s p a r a o p r im e ir o e xp e r im e n t o .

Fig u r a C.2 : D a d o s o b t id o s d u r a n t e o s e g u n d o e xp e r im e n t o .
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Fig u r a C.3 : D a d o s o b t i d o s d u r a n t e o t e r c e ir o e xp e r im e n t o .

Fig u r a C.4 : D a d o s o b t i d o s d u r a n t e o qu a r t o e xp e r im e n t o .

Fig u r a C.5 : D a d o s o b t id o s d u r a n t e o qu in t o e xp e r im e n t o .
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Fig u r a C.6 : D a d o s o b t i d o s d u r a n t e o s e xt o e xp e r im e n t o .

Fig u r a C.7 : D a d o s o b t i d o s d u r a n t e o s ¶ e t im o e xp e r i m e n t o .

Fig u r a C.8 : D a d o s o b t i d o s d u r a n t e o o it a vo e xp e r im e n t o .



Apêndice D

For mula»c~ao M atem¶atica dos

Gr ¶a¯cos de Or ienta»c~ao

Os g r ¶a ¯ c o s d e o r i e n t a »c ~a o u t iliz a d o s n o applet d e c o n t r o le d o s is t e m a pan-tilt fo r a m

d e s e n vo lvid o s a t r a v¶ e s d a s t r a n s fo r m a »c ~o e s d e c o o r d e n a d a s h o m o g ^e n e a s , c o m o m o s t r a o

e qu a c io n a m e n t o a s e g u ir :

P an

A ¯ g u r a D .1 m o s t r a a g e o m e t r i a u t iliz a d a n o d e s e n vo lvim e n t o d a s m a t r i z e s d e

t r a n s fo r m a »c ~a o :

Fig u r a D .1 : Ge o m e t r ia d o m o vim e n t o pan.
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Tilt

A ¯ g u r a D .2 m o s t r a a g e o m e t r i a u t iliz a d a n o d e s e n vo lvim e n t o d a s m a t r i z e s d e

t r a n s fo r m a »c ~a o :

Fig u r a D .2 : Ge o m e t r ia d o m o vim e n t o tilt.
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Apêndice E

Listagem dos C¶odigos-Fonte dos

P r ogr amas Desenvolvidos

E .1 Ser vidor es em Linguagem C

E .1.1 RobSer ver

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

ROBSERVER.C - Robot's server through the INETD main server

Sergio Roberto Gonsalves Tourino - tourino@graco.unb.br - 10/05/2000

Before using this program, edit the 'inetd.conf' and the 'services' files:

INETD.CONF:

robserver stream tcp nowait root /home/tourino/robserver robserver

SERVICES:

robserver 8086/tcp

After these modifications, restart the inetd server:

kill -1 <PID do inetd - ver com ps>

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

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#include <math.h>

#include <unistd.h>

#include <signal.h>

#include "Nclient.h"

#define HOST "lower"

#define PORT 7073

#define NONE 0

#define FRONT 1

#define BACK 2

#define LEFT 3
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#define RIGHT 4

#define SPINP 5

#define SPINN 6

#define ACELERATION 500

#define NOFF

void robot_panel (char *message);

void start_sensors (void);

void stop_sensors (void);

int disconnect (void);

void get_battery (void);

void get_IR (void);

void get_sonar (void);

void move_robot (int direction, int distance, int speed, int teta, int omega);

/*-----------------3/29/00 5:17PM-------------------

* This main routine parses commands from stdin, which

* corresponds to a socket connection from a remote client

* connected to this server. Its outputs are sent to the

* stdout stream, back to the client machine. The local

* tests are made with the stderr stream. This program is

* to be used with the INETD main server.

* --------------------------------------------------*/

int sensor_on = FALSE; /* global variable to verify sensor's state */

int stopnow = FALSE; /* global variable to stop the robot */

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

void goodbye (void) {

int result;

result = system ("rm /home/tourino/robserver.lock");

}

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

void stoprobot () {

stopnow = TRUE;

printf ("Robot stopped!\n");

}

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

int main (void) {

const char delimiters[] = "=, "; /* delimiters for the commands */

char command[] = "direction=front, distance=500, nothing important, direction=left, goodbye";

char *token, parameters[10], commandline[100];

char direction[10]; /* direction for the movement */

char sensors[3]; /* state of sensors */

char get[10];

int open_connection = TRUE;
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int result,pid;

int dir, distance = 500, speed=100, teta=524, omega=314; /* movement configuration */

FILE *connection, *lock, *mypid;

/* verify the lock file */

lock = fopen ("/home/tourino/robserver.lock","r");

if (lock == NULL) { /* the lock does not exist */

lock = fopen ("/home/tourino/robserver.lock","w+");

fclose (lock);

}

else { /* the lock exists */

fclose (lock);

fprintf (stderr,"Lock file found. Program aborted.\n");

exit (0); /* closes the program */

}

atexit (goodbye); /* defines the function 'goodbye' to be

called at program termination */

/* create the PID file */

pid = getpid (); /* getting the pid of program */

/* saving pid */

mypid = fopen ("/home/tourino/robserver.pid","w+");

fprintf (mypid,"%d",pid);

fclose (mypid);

/* defines the listener for the stop signal from the stop server */

signal (SIGUSR1,stoprobot);

connection = fopen ("/home/tourino/robserver.out","w+"); /* opening file */

N_InitializeClient (HOST,PORT); /* opening robot's connection */

result = N_ConnectRobot (1);

switch (result) {

case N_NO_ERROR:

fprintf (stderr,"Success!\n");

break;

case N_UNINITIALIZED:

fprintf (stderr,"Not initialized!\n");

exit(0);

break;

case N_ROBOT_NOT_FOUND:

fprintf (stderr,"Robot not found!\n");

exit(0);

break;

case N_CONNECTION_FAILED:

fprintf (stderr,"Connection failed!\n");

exit(0);

break;
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case N_OUT_OF_MEMORY:

fprintf (stderr,"Out of memory!\n");

exit(0);

break;

}

while (open_connection) { /* loop until 'open_connection' is false */

fscanf (stdin,"%s",command); /* reads commands from stdin */

fprintf (connection,"%s\n",command); /* writes to file */

fflush (connection); /* it's better... */

token = strtok(command,delimiters); /* strtok parses the commands from 'command' variable */

while ((token != NULL) && open_connection) {

if (strcmp(token,"sensors") == 0) {

strcpy (sensors,strtok(NULL,delimiters));

if (strcmp (sensors,"on") == 0) {

start_sensors ();

sensor_on = TRUE;

}

if (strcmp (sensors,"off") == 0) {

stop_sensors ();

/* since who is turning off the sensors will stop the session when I

remove the lock file sooner... */

result = system ("rm /home/tourino/robserver.lock");

sensor_on = FALSE;

}

}

if (strcmp(token,"direction") == 0) {

strcpy (direction,strtok(NULL,delimiters));

}

if (strcmp(token,"distance") == 0) {

distance = atoi (strtok (NULL,delimiters));

}

if (strcmp(token,"speed") == 0) {

speed = atoi (strtok (NULL,delimiters));

}

if (strcmp(token,"teta") == 0) {

teta = atoi (strtok (NULL,delimiters));

}

if (strcmp(token,"omega") == 0) {

omega = atoi (strtok (NULL,delimiters));

}

if (strcmp(token,"start") == 0) {

/* Here comes the commands for the control of the robot.

* This command MUST only work with all the variables (speed, acceleration, ...)
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* adjusted accordingly. */

if (strcmp(direction,"front") == 0)

dir = FRONT;

if (strcmp(direction,"back") == 0)

dir = BACK;

if (strcmp(direction,"left") == 0)

dir = LEFT;

if (strcmp(direction,"right") == 0)

dir = RIGHT;

if (strcmp(direction,"clockwise") == 0)

dir = SPINN;

if (strcmp(direction,"counterclockwise") == 0)

dir = SPINP;

if (sensor_on) {

move_robot (dir,distance,speed,teta,omega); /* moves the robot */

strcpy (direction,""); /* clears the variable */

dir = NONE;

}

else {

fprintf (stderr,"Error: sensors turned off.\n");

}

}

if (strcmp(token,"goodbye") == 0) {

open_connection = FALSE; /* terminates all of the loops */

}

token = strtok (NULL,delimiters);

}

}

fprintf (stderr,"Goodbye. Connection closed.\n");

fclose (connection);

stop_sensors();

result = disconnect ();

return 0;

}

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

struct MySonar {

struct N_Sonar sonar[N_MAX_SONAR_COUNT];

};

struct MyBumper {

struct N_Bumper bumper[N_MAX_BUMPER_COUNT];

};

struct Map {

int Reading[24];

};
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void ReadSonarSet (int ss_number, struct MySonar *sonarset);

void ShowSonarSet (struct MySonar sonarset);

void MinSonarSet (struct MySonar sonar1, struct MySonar sonar2,

struct MySonar *minsonar);

void MapSonarSet (struct MySonar sonar0, struct MySonar sonar1,

struct MySonar sonar2, struct Map *map);

void ShowMap (struct Map map);

void MakeSonarMap (struct Map *map);

void ShowSonarMap (struct Map map);

int MapAngle (int angle);

int GetSMapReading (struct Map map, int angle, int n_sensors);

void ShowEvidence (struct Map map);

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

struct MyIR {

struct N_Infrared IR [N_MAX_SONAR_COUNT];

};

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

void ReadIRSet (int ss_number, struct MyIR *IRset);

void ShowIRSet (struct MyIR IRset);

void MaxIRSet (struct MyIR IR1, struct MyIR IR2,

struct MyIR *minIR);

void MapIRSet (struct MyIR IR0, struct MyIR IR1,

struct MyIR IR2, struct Map *map);

void ShowIRMap (struct Map map);

void MakeIRMap (struct Map *map);

void MakeBumperMap (struct Map *map);

int GetIMapReading (struct Map map, int angle, int n_sensors);

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

#define X N_XTRANSLATION

#define Y N_YTRANSLATION

#define T N_ROTATION

#define MIN_DIST 300 /* value in milimeters */

#define MAX_INT 30 /* max value is 255 */

#define TO_RADIAN 3.14159265358979/180

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

/* Routine used to start the sonar sensors */

void start_sensors (void)

{

struct N_RobotState *state;

struct N_SonarSet *sonar_set;

int i,j;

state = N_GetRobotState(1);

for (i=0;i<6;i++) {
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sonar_set = &(state->SonarController.SonarSet[i]);

N_GetSonarConfiguration(1);

sonar_set->DataActive = TRUE;

sonar_set->TimeStampActive = TRUE;

for (j=0;j<=7;j++)

sonar_set->FiringOrder[j] = j;

sonar_set->FiringOrder[8] = N_END_SONAR_FIRING_ORDER;

N_SetSonarConfiguration(1);

fprintf (stderr,"Sonar set %d set to\n",i);

fprintf (stderr,"Firing order: ");

j = 0;

while (sonar_set->FiringOrder[j] !=

N_END_SONAR_FIRING_ORDER) {

fprintf (stderr,"%d ",sonar_set->FiringOrder[j]);

j++;

}

}

}

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

/* Routine used to turn off the sonar sensors */

void stop_sensors (void)

{

struct N_RobotState *state;

struct N_SonarSet *sonar_set;

int i;

state = N_GetRobotState(1);

for (i=0;i<6;i++) {

sonar_set = &(state->SonarController.SonarSet[i]);

N_GetSonarConfiguration(1);

sonar_set->DataActive = TRUE;

sonar_set->TimeStampActive = TRUE;

sonar_set->FiringOrder[0] = N_END_SONAR_FIRING_ORDER;

N_SetSonarConfiguration(1);

}

}

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

/* Routine used to write to the robot's panel */

void robot_panel (char *message)

{

char *to_panel;
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int result;

strcpy (to_panel,"/usr/local/xrdev/bin/cpnl_log '");

strcat (to_panel,message);

strcat (to_panel,"'");

result = system (to_panel);

if (result == -1 || result == 127)

fprintf (stderr,"Error while calling 'cpnl_log' program.\n");

}

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

/* Routine that closes the connection with the XRDev */

int disconnect (void)

{

int result;

result = N_DisconnectRobot (1);

switch (result) {

case N_NO_ERROR:

printf ("Success!\n");

break;

case N_CONNECTION_FAILED:

printf ("Connection lost!\n");

break;

case N_ROBOT_NOT_FOUND:

printf ("Robot not found!\n");

break;

}

return (result);

}

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

void moveaxis (int axis_to_move, int desired_motion, int desired_speed);

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

/* Moves the robot in the direction, distance and speed provided */

void move_robot (int direction, int distance, int speed, int teta, int omega) {

int ir, sonar, dist;

struct Map mapS, mapI, mapB;

if (!sensor_on)

return; /* returns if the sensors are not on */

dist = distance;

MakeSonarMap (&mapS);

MakeIRMap (&mapI);
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MakeBumperMap (&mapB);

switch (direction) {

case RIGHT:

if ((GetSMapReading (mapS,0,5) > MIN_DIST)

&& (GetIMapReading (mapI,0,5) < MAX_INT)

&& (GetBMapReading (mapB,0,5) == N_BUMPER_NONE))

moveaxis (X, dist, speed);

break;

case LEFT:

if ((GetSMapReading (mapS,180,5) > MIN_DIST)

&& (GetIMapReading (mapI,180,5) < MAX_INT)

&& (GetBMapReading (mapB,0,5) == N_BUMPER_NONE))

moveaxis (X, -dist, speed);

break;

case FRONT:

if ((GetSMapReading (mapS,90,5) > MIN_DIST)

&& (GetIMapReading (mapI,90,5) < MAX_INT)

&& (GetBMapReading (mapB,0,5) == N_BUMPER_NONE))

moveaxis (Y, dist, speed);

break;

case BACK:

if ((GetSMapReading (mapS,270,5) > MIN_DIST)

&& (GetIMapReading (mapI,270,5) < MAX_INT)

&& (GetBMapReading (mapB,0,5) == N_BUMPER_NONE))

moveaxis (Y, -dist, speed);

break;

case SPINP:

moveaxis (T, teta, omega);

break;

case SPINN:

moveaxis (T, -teta, omega);

break;

};

MakeSonarMap (&mapS);

/* ShowEvidence (mapS); */

}

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

/* Moves the specified axis of the robot */

void moveaxis (int axis_to_move, int desired_motion, int desired_speed) {

struct N_RobotState *state;

struct N_Axis *axis;

struct N_AxisSet *axisSet;

struct Map mapS, mapI, mapB;

long inProgress, i, ir, spin,

check_sonar, min_dist, initial,

here, loops;

char c;

int angle;

float sonar, distance, speed;
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FILE *outfile;

outfile = fopen ("/home/tourino/speed.out","a");

if (!sensor_on)

return; /* returns if the sensors are not on */

min_dist = MIN_DIST;

/* defines the min_dist as proportional to the speed */

switch (axis_to_move) {

case X:

angle = desired_motion > 0 ? 0 : 180;

spin = FALSE;

break;

case Y:

angle = desired_motion > 0 ? 90 : 270;

spin = FALSE;

break;

case T:

spin = TRUE;

break;

};

state = N_GetRobotState(1);

axisSet = &(state->AxisSet);

axis = &(axisSet->Axis[axis_to_move]);

axis->DataActive = TRUE;

N_GetAxes(1);

initial = axis->ActualPosition;

state = N_GetRobotState (1);

axisSet = &(state->AxisSet);

axis = &(axisSet->Axis[axis_to_move]);

axisSet->Global = FALSE;

axis->DataActive = TRUE;

axis->Mode=N_AXIS_POSITION_ABSOLUTE;

axis->DesiredSpeed = 100; /* start "stopped" */

/* axis->DesiredSpeed = desired_speed; */

axis->DesiredPosition = initial+desired_motion;

axis->Acceleration = ACELERATION;

axis->Update = TRUE;

N_SetAxes (1);

loops = 0;

do {

loops++;

/* Reading sensor's data */

MakeSonarMap (&mapS);

MakeIRMap (&mapI);

/* Reading data for the fuzzy controller */
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sonar = GetSMapReading (mapS,angle,5);

state = N_GetRobotState (1);

axisSet = &(state->AxisSet);

axis = &(state->AxisSet.Axis[axis_to_move]);

axis->DataActive = TRUE;

N_GetAxes(1);

here = axis->ActualPosition;

distance = abs(desired_motion - here + initial);

printf ("distance=%d\n",distance);

/* call to the fuzzy controller */

#ifdef OFF

distance=8000;

#endif

fuzzycontrol (&sonar,&distance,&speed);

/* setting the new speed from fuzzy controller */

state = N_GetRobotState (1);

axisSet = &(state->AxisSet);

axis = &(state->AxisSet.Axis[axis_to_move]);

axis->DesiredSpeed = (long) speed;

axis->DesiredPosition = initial+desired_motion;

axis->Mode=N_AXIS_POSITION_ABSOLUTE;

axis->Update = TRUE;

axis->DataActive = TRUE;

axis->TimeStampActive = TRUE;

N_SetAxes (1);

state = N_GetRobotState (1);

axis->DataActive = TRUE;

N_GetAxes (1);

fprintf (outfile,"%ld %d\n",axis->TimeStamp,axis->ActualVelocity);

inProgress = axis->InProgress;

MakeSonarMap (&mapS);

MakeIRMap (&mapI);

MakeBumperMap (&mapB);

check_sonar = spin ? TRUE : ((GetSMapReading

(mapS,angle,9) > min_dist) && (GetIMapReading (mapI,angle,9) < MAX_INT));

/* && (GetBMapReading (mapB,0,5) != N_BUMPER_NONE));

*/

/* if spin is true, the routine ignores the sensor's data (the robot will

not collide turning by its axis) */

}

while (inProgress && check_sonar && (!stopnow) );

axis->DesiredSpeed = 0;

axis->DesiredPosition = here;

axis->Update = TRUE;

N_SetAxes (1);
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printf ("loops=%d\n",loops);

stopnow = FALSE; /* the robot can move again */

fflush (outfile);

fclose (outfile);

}

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

/* Gets the lower value of the sonar sets */

void MinSonarSet (struct MySonar sonar1, struct MySonar sonar2,

struct MySonar *minsonar) {

int i;

for (i=0;i<8;i++) {

minsonar->sonar[i].Reading = sonar1.sonar[i].Reading <

sonar2.sonar[i].Reading?sonar1.sonar[i].Reading:

sonar2.sonar[i].Reading;

}

}

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

/* Reads sonar data and stores it in the MySonar structure */

void ReadSonarSet (int ss_number, struct MySonar *sonarset) {

struct N_RobotState *state;

struct N_Sonar *sonar;

int i;

state = N_GetRobotState (1);

sonar = state->SonarController.SonarSet[ss_number].Sonar;

N_GetSonar (1);

for (i=0;i<8;i++)

sonarset->sonar[i].Reading=sonar[i].Reading;

}

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

/* Reads bumper data and stores it in the MyBumper structure */

void ReadBumperSet (int bs_number, struct MyBumper *bumperset) {

struct N_RobotState *state;

struct N_Bumper *bumper;

int i;

state = N_GetRobotState (1);

bumper = state->BumperController.BumperSet[bs_number].Bumper;

N_GetBumper (1);
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for (i=0;i<8;i++)

bumperset->bumper[i].Reading=bumper[i].Reading;

}

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

/* Prints out the sonar data to the stderr output */

void ShowSonarSet (struct MySonar sonarset) {

int i;

for (i=0;i<8;i++)

fprintf (stderr,"%d ",sonarset.sonar[i].Reading);

fprintf (stderr,"\n");

}

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

/* Translates the sonar data into MySonar structure to the Map structure */

void MapSonarSet (struct MySonar sonar0, struct MySonar sonar1,

struct MySonar sonar2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = sonar2.sonar[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = sonar0.sonar[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = sonar1.sonar[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = sonar2.sonar[i].Reading;

angle++;

}

}

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

/* Translates the bumper data into MyBumper structure to the Map structure

*/

void MapBumperSet (struct MyBumper bumper0, struct MyBumper bumper1,
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struct MyBumper bumper2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = bumper2.bumper[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = bumper0.bumper[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = bumper1.bumper[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = bumper2.bumper[i].Reading;

angle++;

}

}

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

/* Prints out the Map structure to the stderr output */

void ShowMap (struct Map map) {

int i;

for (i=0;i<24;i++)

fprintf (stderr,"%.1f",map.Reading[i]>10000?10:map.Reading[i]/1000.0);

fprintf (stderr,"\n");

}

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

/* Returns the greater value from the MyBumper structures */

void MaxBumperSet (struct MyBumper bumper1, struct MyBumper bumper2,

struct MyBumper *minbumper) {

int i;

for (i=0;i<8;i++) {

minbumper->bumper[i].Reading = bumper1.bumper[i].Reading >

bumper2.bumper[i].Reading?bumper1.bumper[i].Reading:bumper2.bumper[i].Reading;

}

}
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/****************************************************************************/

/* Translate all the bumper sets into the Map structure */

void MakeBumperMap (struct Map *map) {

struct MyBumper bs,bi,bumper0,bumper1,bumper2;

ReadBumperSet (0,&bs);

ReadBumperSet (1,&bi);

MaxBumperSet (bs,bi,&bumper0);

ReadBumperSet (2,&bs);

ReadBumperSet (3,&bi);

MaxBumperSet (bs,bi,&bumper1);

ReadBumperSet (4,&bs);

ReadBumperSet (5,&bi);

MaxBumperSet (bs,bi,&bumper2);

MapBumperSet (bumper0,bumper1,bumper2,map);

}

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

/* Translate all the sonar sets into the Map structure */

void MakeSonarMap (struct Map *map) {

struct MySonar ss,si,sonar0,sonar1,sonar2;

ReadSonarSet (0,&ss);

ReadSonarSet (1,&si);

MinSonarSet (ss,si,&sonar0);

ReadSonarSet (2,&ss);

ReadSonarSet (3,&si);

MinSonarSet (ss,si,&sonar1);

ReadSonarSet (4,&ss);

ReadSonarSet (5,&si);

MinSonarSet (ss,si,&sonar2);

MapSonarSet (sonar0,sonar1,sonar2,map);

}

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

/* Displays a bar graph of the sonar data into the stderr output */

void ShowSonarMap (struct Map map) {

short i,j;

char s[80];

for (i=0;i<24;i++) {

strcpy (s,"");

for (j=0;j < (map.Reading[i]>10000?10000:map.Reading[i])*0.006;j++)

strcat (s,"-");



Guiagem do Robô M¶ovel XR4000 via Internet 9 9

fprintf (stderr,"%d\t%s\n",(map.Reading[i]>10000?10000:map.Reading[i]),s);

}

refresh();

usleep (100000);

clear ();

}

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

/* Maps a provided angle to the Map structure's index */

int MapAngle (int angle) {

int a;

a = ceil (0.06969*angle-1.04545);

a = a < 0 ? 24+a : a;

return (a);

}

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

/* Gets the value of sonar data in a specified direction */

int GetSMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = 10000; /* max value to sonar data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;

s = map.Reading[t]<s ? map.Reading[t] : s;

}

return (s);

}

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

/* Gets the value of IR data in a specified direction */

int GetIMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = 0; /* min value for IR data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;

s = map.Reading[t]>s ? map.Reading[t] : s;
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}

return (s);

}

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

/* Gets the value of Bumper data in a specified direction */

int GetBMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = N_BUMPER_NONE; /* min value for bumper data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;

s = map.Reading[t]>s ? map.Reading[t] : s;

}

return (s);

}

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

/* Displays a gridmap containing the values of Map structure */

void ShowEvidence (struct Map map) {

int i,j,l,xm,ym;

int EGrid [20][20];

char s[80];

for (i=0; i < 20; i++)

for (j=0; j < 20; j++)

EGrid [i][j] = 0;

EGrid [10][10] = 2;

for (i=0; i < 360; i+= 15) {

l = GetSMapReading (map, i, 1);

xm = (3 + (l+300) * cos (i*TO_RADIAN) / 1000) * 3;

ym = (3 + (l+300) * sin (i*TO_RADIAN) / 1000) * 3;

if ((xm < 20 && xm >= 0) && (ym >= 0 && ym < 20))

EGrid [xm][ym] = 1;

}

/* plotting from up to down... */

for (j=19; j >= 0; j--) {

strcpy (s,"");

for (i=0; i < 20; i++) {

if (EGrid [i][j] == 1)

strcat (s,"++");

else
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if (EGrid [i][j] == 2)

strcat (s,"OO");

else

strcat (s,"..");

}

fprintf (stderr,"%s\n",s);

}

usleep (200000);

}

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

/* Returns the greater value from the MyIR structures */

void MaxIRSet (struct MyIR IR1, struct MyIR IR2,

struct MyIR *minIR) {

int i;

for (i=0;i<8;i++) {

minIR->IR[i].Reading = IR1.IR[i].Reading >

IR2.IR[i].Reading?IR1.IR[i].Reading:IR2.IR[i].Reading;

}

}

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

/* Translates the IR data into the MyIR structure */

void ReadIRSet (int ss_number, struct MyIR *IRset) {

struct N_RobotState *state;

struct N_Infrared *IR;

int i;

state = N_GetRobotState (1);

IR = state->InfraredController.InfraredSet[ss_number].Infrared;

N_GetInfrared (1);

for (i=0;i<8;i++)

IRset->IR[i].Reading=IR[i].Reading;

}

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

/* Prints out the IR data from a MyIR structure */

void ShowIRSet (struct MyIR IRset) {

int i;

for (i=0;i<8;i++)

fprintf (stderr,"%d ",IRset.IR[i].Reading);

fprintf (stderr,"\n");

}
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/****************************************************************************/

/* Translates MyIR structures into the Map structure */

void MapIRSet (struct MyIR IR0, struct MyIR IR1,

struct MyIR IR2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = IR2.IR[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = IR0.IR[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = IR1.IR[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = IR2.IR[i].Reading;

angle++;

}

}

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

/* Prints out the Map structure for the IR data */

void ShowIRMap (struct Map map) {

int i;

for (i=0;i<24;i++)

fprintf (stderr,"%d ",map.Reading[i]);

fprintf (stderr,"\n");

}

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

/* Translates all the IR data into the Map structure */

void MakeIRMap (struct Map *map) {

struct MyIR ss,si,IR0,IR1,IR2;

ReadIRSet (0,&ss);

ReadIRSet (1,&si);
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MaxIRSet (ss,si,&IR0);

ReadIRSet (2,&ss);

ReadIRSet (3,&si);

MaxIRSet (ss,si,&IR1);

ReadIRSet (4,&ss);

ReadIRSet (5,&si);

MaxIRSet (ss,si,&IR2);

MapIRSet (IR0,IR1,IR2,map);

}

E .1.2 SenSer ver

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

SENSERVER.C - Robot's sensor server through the INETD main server

Sergio Roberto Gonsalves Tourino - tourino@graco.unb.br - 10/05/2000

Before using this program, edit the 'inetd.conf' and the 'services' files:

INETD.CONF:

senserver stream tcp nowait root /home/tourino/senserver senserver

SERVICES:

senserver 8085/tcp

After these modifications, restart the inetd server:

kill -1 <PID of inetd - see with ps>

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

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#include <math.h>

#include "Nclient.h"

#define HOST "lower"

#define PORT 7073

/* #define DEBUG */

int disconnect (void);

void get_battery (void);

void get_IR (void);

void get_sonar (void);

void get_odometry (void);

void get_speed (void);

/*-----------------3/29/00 5:17PM-------------------

* This main routine parses commands from stdin, which

* corresponds to a socket connection from a remote client

* connected to this server. Its outputs are sent to the

* stdout stream, back to the client machine. The local

* tests are made with the stderr stream. This program is

* to be used with the INETD main server.

* --------------------------------------------------*/
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int sensor_on = FALSE; /* global variable to verify sensor's state */

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

void goodbye (void) {

int result;

result = system ("rm /home/tourino/senserver.lock");

}

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

int main (void) {

const char delimiters[] = "=, "; /* delimiters for the commands */

char command[] = "direction=front, distance=500, nothing important, direction=left, goodbye";

char *token, parameters[10], commandline[100];

char direction[10]; /* direction for the movement */

char sensors[3]; /* state of sensors */

char get[10];

int open_connection = TRUE;

int result;

int dir, distance = 500, speed=100, teta=524, omega=314; /* movement configuration */

FILE *lock;

/* verify the lock file */

lock = fopen ("/home/tourino/senserver.lock","r");

if (lock == NULL) { /* the lock does not exist */

lock = fopen ("/home/tourino/senserver.lock","w+");

fclose (lock);

}

else { /* the lock exists */

fclose (lock);

fprintf (stderr,"Lock file found. Program aborted.\n");

exit (0); /* closes the program */

}

atexit (goodbye); /* defines the 'goodbye' function to be

called at program termination */

N_InitializeClient (HOST,PORT); /* opening robot's connection */

result = N_ConnectRobot (1);

switch (result) {

case N_NO_ERROR:

fprintf (stderr,"Success!\n");

break;

case N_UNINITIALIZED:

fprintf (stderr,"Not initialized!\n");

exit(0);

break;
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case N_ROBOT_NOT_FOUND:

fprintf (stderr,"Robot not found!\n");

exit(0);

break;

case N_CONNECTION_FAILED:

fprintf (stderr,"Connection failed!\n");

exit(0);

break;

case N_OUT_OF_MEMORY:

fprintf (stderr,"Out of memory!\n");

exit(0);

break;

}

while (open_connection) { /* loop until 'open_connection' is false */

fscanf (stdin,"%s",command); /* reads commands from stdin */

token = strtok(command,delimiters); /* strtok parses the commands from 'command' variable */

while ((token != NULL) && open_connection) {

if (strcmp(token,"get") == 0) {

strcpy (get,strtok(NULL,delimiters));

if (strcmp (get,"battery") == 0) {

get_battery ();

}

if (strcmp (get,"IR") == 0) {

get_IR ();

}

if (strcmp (get,"sonar") == 0) {

get_sonar ();

}

if (strcmp (get,"odometry") == 0) {

get_odometry ();

}

if (strcmp (get,"speed") == 0) {

get_speed ();

}

}

if (strcmp(token,"goodbye") == 0) {

open_connection = FALSE; /* terminates all of the loops */

}

token = strtok (NULL,delimiters);

}

}

fprintf (stderr,"Goodbye. Connection closed.\n");

result = disconnect ();

return 0;

}
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/****************************************************************************/

struct MySonar {

struct N_Sonar sonar[N_MAX_SONAR_COUNT];

};

struct MyBumper {

struct N_Bumper bumper[N_MAX_BUMPER_COUNT];

};

struct Map {

int Reading[24];

};

void ReadSonarSet (int ss_number, struct MySonar *sonarset);

void ShowSonarSet (struct MySonar sonarset);

void MinSonarSet (struct MySonar sonar1, struct MySonar sonar2,

struct MySonar *minsonar);

void MapSonarSet (struct MySonar sonar0, struct MySonar sonar1,

struct MySonar sonar2, struct Map *map);

void ShowMap (struct Map map);

void MakeSonarMap (struct Map *map);

void ShowSonarMap (struct Map map);

int MapAngle (int angle);

int GetSMapReading (struct Map map, int angle, int n_sensors);

void ShowEvidence (struct Map map);

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

struct MyIR {

struct N_Infrared IR [N_MAX_SONAR_COUNT];

};

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

void ReadIRSet (int ss_number, struct MyIR *IRset);

void ShowIRSet (struct MyIR IRset);

void MaxIRSet (struct MyIR IR1, struct MyIR IR2,

struct MyIR *minIR);

void MapIRSet (struct MyIR IR0, struct MyIR IR1,

struct MyIR IR2, struct Map *map);

void ShowIRMap (struct Map map);

void MakeIRMap (struct Map *map);

void MakeBumperMap (struct Map *map);

int GetIMapReading (struct Map map, int angle, int n_sensors);

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

#define TO_RADIAN 3.14159265358979/180

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

/* Routine that closes the connection with the XRDev */

int disconnect (void)

{
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int result;

result = N_DisconnectRobot (1);

switch (result) {

case N_NO_ERROR:

printf ("Success!\n");

break;

case N_CONNECTION_FAILED:

printf ("Connection lost!\n");

break;

case N_ROBOT_NOT_FOUND:

printf ("Robot not found!\n");

break;

}

return (result);

}

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

/* Routine used to get the batteries' voltages */

void get_battery (void) {

struct N_RobotState *state;

struct N_Battery *battery;

int i;

state = N_GetRobotState (1);

fprintf (stdout," B");

for (i=0;i<N_MAX_BATTERY_COUNT;i++) {

battery = &(state->BatterySet.Battery[i]);

N_GetBattery (1);

fprintf (stdout," %d",battery->Voltage/100);

}

fprintf (stdout," B ");

fflush (stdout);

}

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

void get_IR (void) {

struct Map mapI;

int i;

MakeIRMap (&mapI);

fprintf (stdout," I");

for (i=0;i<24;i++)

fprintf (stdout," %d",mapI.Reading[i]/10);

fprintf (stdout," I ");

fflush (stdout);
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}

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

void get_sonar (void) {

struct Map mapS;

int i;

#ifdef DEBUG

FILE *outfile;

outfile = fopen ("/home/tourino/sensors.out","a");

#endif

MakeSonarMap (&mapS);

fprintf (stdout," S");

for (i=0;i<24;i++) {

fprintf (stdout," %d",mapS.Reading[i]/100);

#ifdef DEBUG

fprintf (outfile," %d",mapS.Reading[i]);

#endif

}

fprintf (stdout," S ");

fflush (stdout);

#ifdef DEBUG

fprintf (outfile,"\n");

fflush (outfile);

fclose (outfile);

#endif

}

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

void get_odometry (void) {

struct N_RobotState *state;

struct N_Integrator *integrated;

state = N_GetRobotState (1);

integrated = &(state->Integrator);

N_GetIntegratedConfiguration (1);

fprintf (stdout," O %d %d %d %d O ",

integrated->x, integrated->y,

integrated->Steering, integrated->Rotation);

fflush (stdout);

}

/****************************************************************************/
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void get_speed (void) {

struct N_RobotState *state;

struct N_Axis *axis;

state = N_GetRobotState(1);

axis = &(state->AxisSet.Axis[X]);

N_GetAxes(1);

fprintf (stdout," V");

fprintf (stdout," %d ",axis->ActualVelocity);

axis = &(state->AxisSet.Axis[Y]);

N_GetAxes(1);

fprintf (stdout,"%d ",axis->ActualVelocity);

axis = &(state->AxisSet.Axis[T]);

N_GetAxes(1);

fprintf (stdout,"%d V ",axis->ActualVelocity);

fflush(stdout);

}

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

/* Gets the lower value of the sonar sets */

void MinSonarSet (struct MySonar sonar1, struct MySonar sonar2,

struct MySonar *minsonar) {

int i;

for (i=0;i<8;i++) {

minsonar->sonar[i].Reading = sonar1.sonar[i].Reading <

sonar2.sonar[i].Reading?sonar1.sonar[i].Reading:

sonar2.sonar[i].Reading;

}

}

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

/* Reads sonar data and stores it in the MySonar structure */

void ReadSonarSet (int ss_number, struct MySonar *sonarset) {

struct N_RobotState *state;

struct N_Sonar *sonar;

int i;

state = N_GetRobotState (1);

sonar = state->SonarController.SonarSet[ss_number].Sonar;

N_GetSonar (1);

for (i=0;i<8;i++)

sonarset->sonar[i].Reading=sonar[i].Reading;

}
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/****************************************************************************/

/* Reads bumper data and stores it in the MyBumper structure */

void ReadBumperSet (int bs_number, struct MyBumper *bumperset) {

struct N_RobotState *state;

struct N_Bumper *bumper;

int i;

state = N_GetRobotState (1);

bumper = state->BumperController.BumperSet[bs_number].Bumper;

N_GetBumper (1);

for (i=0;i<8;i++)

bumperset->bumper[i].Reading=bumper[i].Reading;

}

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

/* Translates the sonar data into MySonar structure to the Map structure */

void MapSonarSet (struct MySonar sonar0, struct MySonar sonar1,

struct MySonar sonar2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = sonar2.sonar[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = sonar0.sonar[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = sonar1.sonar[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = sonar2.sonar[i].Reading;

angle++;

}

}

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

/* Translates the bumper data into MyBumper structure to the Map structure

*/
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void MapBumperSet (struct MyBumper bumper0, struct MyBumper bumper1,

struct MyBumper bumper2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = bumper2.bumper[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = bumper0.bumper[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = bumper1.bumper[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = bumper2.bumper[i].Reading;

angle++;

}

}

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

/* Returns the greater value from the MyBumper structures */

void MaxBumperSet (struct MyBumper bumper1, struct MyBumper bumper2,

struct MyBumper *minbumper) {

int i;

for (i=0;i<8;i++) {

minbumper->bumper[i].Reading = bumper1.bumper[i].Reading >

bumper2.bumper[i].Reading?bumper1.bumper[i].Reading:bumper2.bumper[i].Reading;

}

}

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

/* Translate all the bumper sets into the Map structure */

void MakeBumperMap (struct Map *map) {

struct MyBumper bs,bi,bumper0,bumper1,bumper2;

ReadBumperSet (0,&bs);

ReadBumperSet (1,&bi);

MaxBumperSet (bs,bi,&bumper0);

ReadBumperSet (2,&bs);

ReadBumperSet (3,&bi);
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MaxBumperSet (bs,bi,&bumper1);

ReadBumperSet (4,&bs);

ReadBumperSet (5,&bi);

MaxBumperSet (bs,bi,&bumper2);

MapBumperSet (bumper0,bumper1,bumper2,map);

}

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

/* Translate all the sonar sets into the Map structure */

void MakeSonarMap (struct Map *map) {

struct MySonar ss,si,sonar0,sonar1,sonar2;

ReadSonarSet (0,&ss);

ReadSonarSet (1,&si);

MinSonarSet (ss,si,&sonar0);

ReadSonarSet (2,&ss);

ReadSonarSet (3,&si);

MinSonarSet (ss,si,&sonar1);

ReadSonarSet (4,&ss);

ReadSonarSet (5,&si);

MinSonarSet (ss,si,&sonar2);

MapSonarSet (sonar0,sonar1,sonar2,map);

}

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

/* Maps a provided angle to the Map structure's index */

int MapAngle (int angle) {

int a;

a = ceil (0.06969*angle-1.04545);

a = a < 0 ? 24+a : a;

return (a);

}

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

/* Gets the value of sonar data in a specified direction */

int GetSMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = 10000; /* max value to sonar data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;
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s = map.Reading[t]<s ? map.Reading[t] : s;

}

return (s);

}

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

/* Gets the value of IR data in a specified direction */

int GetIMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = 0; /* min value for IR data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;

s = map.Reading[t]>s ? map.Reading[t] : s;

}

return (s);

}

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

/* Gets the value of Bumper data in a specified direction */

int GetBMapReading (struct Map map, int angle, int n_sensors) {

int s, i, a, n, t;

n = n_sensors / 2;

a = MapAngle (angle);

s = N_BUMPER_NONE; /* min value for bumper data */

for (i=0;i<2*n+1;i++) {

t = a-n+i;

t = t < 0 ? 24-t : t;

t = t > 23 ? t-24 : t;

s = map.Reading[t]>s ? map.Reading[t] : s;

}

return (s);

}

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

/* Returns the greater value from the MyIR structures */

void MaxIRSet (struct MyIR IR1, struct MyIR IR2,

struct MyIR *minIR) {

int i;

for (i=0;i<8;i++) {

minIR->IR[i].Reading = IR1.IR[i].Reading >
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IR2.IR[i].Reading?IR1.IR[i].Reading:IR2.IR[i].Reading;

}

}

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

/* Translates the IR data into the MyIR structure */

void ReadIRSet (int ss_number, struct MyIR *IRset) {

struct N_RobotState *state;

struct N_Infrared *IR;

int i;

state = N_GetRobotState (1);

IR = state->InfraredController.InfraredSet[ss_number].Infrared;

N_GetInfrared (1);

for (i=0;i<8;i++)

IRset->IR[i].Reading=IR[i].Reading;

}

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

/* Translates MyIR structures into the Map structure */

void MapIRSet (struct MyIR IR0, struct MyIR IR1,

struct MyIR IR2, struct Map *map) {

int angle, i;

angle = 0;

for (i=6;i<8;i++) {

map->Reading[angle] = IR2.IR[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = IR0.IR[i].Reading;

angle++;

}

for (i=0;i<8;i++) {

map->Reading[angle] = IR1.IR[i].Reading;

angle++;

}

for (i=0;i<6;i++) {

map->Reading[angle] = IR2.IR[i].Reading;

angle++;

}

}

/****************************************************************************/
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/* Translates all the IR data into the Map structure */

void MakeIRMap (struct Map *map) {

struct MyIR ss,si,IR0,IR1,IR2;

ReadIRSet (0,&ss);

ReadIRSet (1,&si);

MaxIRSet (ss,si,&IR0);

ReadIRSet (2,&ss);

ReadIRSet (3,&si);

MaxIRSet (ss,si,&IR1);

ReadIRSet (4,&ss);

ReadIRSet (5,&si);

MaxIRSet (ss,si,&IR2);

MapIRSet (IR0,IR1,IR2,map);

}

E .1.3 StopSer ver

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

STOPSERVER.C - Robot's stop server through the INETD main server

Sergio Roberto Gonsalves Tourino - tourino@graco.unb.br - 10/05/2000

Before using this program, edit the 'inetd.conf' and the 'services' files:

INETD.CONF:

stopserver stream tcp nowait root /home/tourino/stopserver stopserver

SERVICES:

stopserver 8084/tcp

After these modifications, restart the inetd server:

kill -1 <PID of inetd - see with ps>

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

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#include <signal.h>

#define TRUE (1==1)

#define FALSE (1==0)

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

void goodbye (void) {

int result;

result = system ("rm /home/tourino/stopserver.lock");

}

/****************************************************************************/
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int main (void) {

const char delimiters[] = "=, "; /* delimiters for the commands */

char command[] = "direction=front, distance=500, nothing important, direction=left, goodbye";

char *token, parameters[10], commandline[100];

char direction[10]; /* direction for the movement */

char sensors[3]; /* state of sensors */

char get[10];

int open_connection = TRUE;

int result, pid;

char spid[5];

int dir, distance = 500, speed=100, teta=524, omega=314; /* movement configuration */

FILE *lock, *robotserver;

/* verify the lock file */

lock = fopen ("/home/tourino/stopserver.lock","r");

if (lock == NULL) { /* the lock does not exist */

lock = fopen ("/home/tourino/stopserver.lock","w+");

fclose (lock);

}

else { /* the lock exists */

fclose (lock);

fprintf (stderr,"Lock file found. Program aborted.\n");

exit (0); /* closes the program */

}

atexit (goodbye); /* defines the 'goodbye' function to be

called at program termination */

while (open_connection) { /* loop until 'open_connection' is false */

fscanf (stdin,"%s",command); /* reads commands from stdin */

token = strtok(command,delimiters); /* strtok parses the commands from 'command' variable */

while ((token != NULL) && open_connection) {

if (strcmp(token,"stop") == 0) {

strcpy (get,strtok(NULL,delimiters));

if (strcmp (get,"on") == 0) {

printf ("stop=on!\n");

robotserver = fopen ("/home/tourino/robserver.pid","r");

fscanf (robotserver,"%s",spid);

fclose (robotserver);

pid = atoi (spid);

printf ("Sending signal to the %d process.\n",pid);

kill (pid,SIGUSR1); /* send the signal to the server */

}

}

if (strcmp(token,"goodbye") == 0) {
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open_connection = FALSE; /* terminates all of the loops */

}

token = strtok (NULL,delimiters);

}

}

fprintf (stderr,"Goodbye. Connection closed.\n");

return 0;

}

E .1.4 CamSer ver

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#define FALSE (0==1)

#define TRUE (0==0)

#define VERT_CHANGE 400

#define HORI_CHANGE 1000

#define MAX_X 11000

#define MIN_X -11000

#define MAX_Y 2400

#define MIN_Y -3600

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

CAMSERVER.C - Robot's camera server through the INETD main server

Sergio Roberto Gonsalves Tourino - tourino@graco.unb.br - 11/02/2000

Before using this program, edit the 'inetd.conf' and the 'services' files:

INETD.CONF:

camserver stream tcp nowait root /home/tourino/projeto/socket/servnet servnet

SERVICES:

camserver 8086/tcp

After these modifications, restart the inetd server:

kill -1 <PID do inetd - ver com ps>

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

int main (void) {

const char delimiters[] = "= ,"; /* delimiters for the commands */

char command[] = "direction=front, distance=500, nothing important, direction=left, goodbye";

char *token, parameters[10], commandline[100];

char direction[10]; /* direction for the movement */

char xabsolute[5], yabsolute[5]; /* absolute values for movement */

char xchange[4], ychange[4]; /* change values for movement */

int open_connection = TRUE;

int x = 0,y = 0;

int result, msg_id;

int vert_change = VERT_CHANGE, hori_change = HORI_CHANGE;
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FILE *connection, *lock;

/* verify the lock file */

lock = fopen ("/home/tourino/camserver.lock","r");

if (lock == NULL) { /* the lock does not exist */

lock = fopen ("/home/tourino/camserver.lock","w+");

fclose (lock);

}

else { /* the lock exists */

fclose (lock);

fprintf (stderr,"Lock file found. Program aborted.\n");

exit (0); /* closes the program */

}

connection = fopen ("/home/tourino/camserver.out","w+"); /* opening file */

msg_id = init_message(); /* starting IPC */

while (open_connection) { /* loop until 'open_connection' is false */

fscanf (stdin,"%s",command); /* reads commands from stdin */

fprintf (connection,"%s\n",command); /* writes to file */

fflush (connection); /* it's better... */

token = strtok(command,delimiters); /* strtok parses the commands from 'command' variable */

while ((token != NULL) && open_connection) {

/* fprintf (stdout,"%s\n",token); /* echoing back */

/* fflush (stdout); /* it's better... */

if (strcmp(token,"framerate") == 0) {

send_message (msg_id,1,strtok(NULL,delimiters));

}

if (strcmp(token,"direction") == 0) {

strcpy (direction,strtok(NULL,delimiters));

/* fprintf (stderr,"I will walk to %s.\n",direction); */

}

if (strcmp(token,"xabsolute") == 0) {

strcpy (xabsolute,strtok(NULL,delimiters));

/* fprintf (stderr,"Going to xabsolute=%s\n",xabsolute); */

}

if (strcmp(token,"yabsolute") == 0) {

strcpy (yabsolute,strtok(NULL,delimiters));

/* fprintf (stderr,"Going to yabsolute=%s\n",yabsolute); */

}

if (strcmp(token,"xchange") == 0) {

strcpy (xchange,strtok(NULL,delimiters));

/* fprintf (stderr,"Setup: xchange=%s\n",xchange); */

if (strlen(xchange) > 0)

hori_change = atoi (xchange);
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}

if (strcmp(token,"ychange") == 0) {

strcpy (ychange,strtok(NULL,delimiters));

/* fprintf (stderr,"Setup ychange=%s\n",ychange); */

if (strlen(ychange) > 0)

vert_change = atoi (ychange);

}

if (strcmp(token,"start") == 0) {

/* Here comes the commands for the control of the robot.

* This command MUST only work with all the variables (speed, acceleration, ...)

* adjusted accordingly. */

if (strcmp (direction,"zero") == 0) {

x = 0;

y = 0;

}

if (strcmp (direction,"center") == 0) {

x = 0;

y = 0;

}

if (strcmp (direction,"up") == 0)

if (y+vert_change <= MAX_Y)

y += vert_change;

if (strcmp (direction,"down") == 0)

if (y-vert_change >= MIN_Y)

y -= vert_change;

if (strcmp (direction,"left") == 0)

if (x+hori_change >= MIN_X)

x += hori_change;

if (strcmp (direction,"right") == 0)

if (x-hori_change <= MAX_X)

x -= HORI_CHANGE;

if (strcmp (direction,"upleft") == 0) {

if (x+hori_change >= MIN_X)

x += hori_change;

if (y+vert_change <= MAX_Y)

y += vert_change;

}

if (strcmp (direction,"downleft") == 0) {

if (x+hori_change >= MIN_X)

x += hori_change;

if (y-vert_change >= MIN_Y)

y -= vert_change;

}

if (strcmp (direction,"upright") == 0) {

if (x-hori_change <= MAX_X)

x -= hori_change;

if (y+vert_change <= MAX_Y)
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y += vert_change;

}

if (strcmp (direction,"downright") == 0) {

if (x-hori_change <= MAX_X)

x -= hori_change;

if (y-vert_change >= MIN_Y)

y -= vert_change;

}

if ((strlen (xabsolute) > 0) && (strlen (yabsolute) > 0)) {

if ((atoi(xabsolute) > MIN_X) && (atoi(xabsolute)

< MAX_X) && (atoi(yabsolute) > MIN_Y) &&

(atoi(yabsolute) < MAX_Y)) {

sprintf (parameters,"%s %s",xabsolute,yabsolute);

x = atoi (xabsolute);

y = atoi (yabsolute);

}

else {

sprintf (xabsolute,"%d",x);

sprintf (yabsolute,"%d",y);

strcpy (parameters,xabsolute);

strcat (parameters," ");

strcat (parameters,yabsolute);

}

}

else

sprintf (parameters,"%d %d",x,y);

strcpy (commandline,"/usr/local/robot-devices/dp_pantilt/pt ");

strcat (commandline,parameters);

/* fprintf (stderr,"%s\n",commandline); */

result = system (commandline);

strcpy (xabsolute,""); /* erasing the old values... */

strcpy (yabsolute,"");

strcpy (direction,"");

}

if (strcmp(token,"goodbye") == 0) {

open_connection = FALSE; /* terminates all of the loops */

}

token = strtok (NULL,delimiters);

}

}

/* fprintf (stderr,"Goodbye. Connection closed.\n"); */

fclose (connection);

remove_queue (msg_id);

result = system ("rm /home/tourino/camserver.lock"); /* erases lock file */

return 0;

}
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E .1.5 JP GStd

#include <stdio.h>/* printf */

#include <errno.h>/* errno */

#include <stdlib.h>/* malloc */

#include <unistd.h>/* sleep */

#include <sys/mman.h>/* MAP_FILE */

#include <sys/fcntl.h>/* open */

#include <jpeglib.h> /* IJG routines */

#include "ioctl_meteor.h"

#define VIDEO_DEV "/dev/meteor0"

#define COLS 320 /* # of pixels in a row in output image */

#define ROWS 240 /* # of lines in output image */

#define SIZE (ROWS * COLS * 4) /* 4 bytes/pixel for METEOR_GEO_RGB24 */

static JSAMPLE * image_buffer; /* Points to large array of R,G,B-order data */

static int image_height; /* Number of rows in image */

static int image_width; /* Number of columns in image */

void write_JPEG_file (int quality) {

struct jpeg_compress_struct cinfo;

struct jpeg_error_mgr jerr;

JSAMPROW row_pointer[1]; /* pointer to JSAMPLE row[s] */

int row_stride; /* physical row width in image buffer */

cinfo.err = jpeg_std_error(&jerr);

jpeg_create_compress(&cinfo);

jpeg_stdio_dest(&cinfo, stdout); /* writes compressed image to stdout */

cinfo.image_width = image_width; /* image width and height, in pixels */

cinfo.image_height = image_height;

cinfo.input_components = 3; /* # of color components per pixel */

cinfo.in_color_space = JCS_RGB; /* colorspace of input image */

jpeg_set_defaults(&cinfo);

jpeg_set_quality(&cinfo, quality, TRUE /* limit to baseline-JPEG values */);

jpeg_start_compress(&cinfo, TRUE);

row_stride = image_width * 3; /* JSAMPLEs per row in image_buffer */

while (cinfo.next_scanline < cinfo.image_height) {

row_pointer[0] = &image_buffer[cinfo.next_scanline * row_stride];

(void) jpeg_write_scanlines(&cinfo, row_pointer, 1);

}

jpeg_finish_compress(&cinfo);

jpeg_destroy_compress(&cinfo);

}

int main (int argc, char **argv)
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{

struct meteor_counts cnt;

struct meteor_geomet geo;

char *mmbuf; /* memory map buffer */

char *imdata, *buf;

int ifd, c, x, y;

if ((ifd = open(VIDEO_DEV, O_RDONLY)) < 0) {

perror (VIDEO_DEV);

exit (1);

}

geo.rows = ROWS; /* # of lines in output image */

geo.columns = COLS; /* # of pixels in a row in output image */

geo.frames = 1; /* # of frames in a buffer */

geo.oformat = METEOR_GEO_RGB24 ; /* RGB 24 in 4 bytes: B,G,R,NULL */

if (ioctl (ifd, METEORSETGEO, &geo) < 0) {

perror ("ioctl SetGeometry failed");

exit (1);

}

c = METEOR_FMT_NTSC;

if (ioctl (ifd, METEORSFMT, &c) < 0) {

perror ("ioctl SetFormat failed");

exit (1);

}

c = METEOR_INPUT_DEV0; /* composite video RCA jack */

if (ioctl (ifd, METEORSINPUT, &c) < 0) {

perror ("ioctl Setinput failed");

exit (1);

}

sleep (1);

if (0 > (mmbuf = (char *) mmap((caddr_t) 0, SIZE, PROT_READ,

MAP_FILE | MAP_PRIVATE, ifd, (off_t) 0))) {

perror ("mmap failed");

exit (1);

}

c = METEOR_CAP_SINGLE ;

if (ioctl (ifd, METEORCAPTUR, &c)) {

perror ("ioctl SingleCapture failed");

exit (1);

}

if (ioctl (ifd, METEORGCOUNT, &cnt)) {

perror ("ioctl GetCount failed");

exit (1);

}

close (ifd);

image_width = COLS;

image_height = ROWS;
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if (NULL == (image_buffer = (JSAMPLE *)malloc(image_width*image_height*3))) {

perror ("malloc");

exit (1);

}

buf = mmbuf; /* start of frame grabber data (B,G,R,NULL) */

imdata = (char *) image_buffer; /* start of JPEG buffer (R,G,B) */

for (y=0; y<ROWS; y++) {

for (x=0; x<COLS; x++) {

*(imdata++) = *(buf+2); /* R */

*(imdata++) = *(buf+1); /* G */

*(imdata++) = *(buf); /* B */

buf += 4; /* skip NULL */

}

}

printf ("HTTP/1.0 200 Okay\n");

printf ("Content-type: image/jpeg\n\n");

write_JPEG_file (30);

return (0);

}

E .1.6 JP GP ush

#include <stdio.h>/* printf */

#include <errno.h>/* errno */

#include <stdlib.h>/* malloc */

#include <unistd.h>/* sleep */

#include <sys/mman.h>/* MAP_FILE */

#include <sys/fcntl.h>/* open */

#include <jpeglib.h> /* IJG routines */

#include <sys/resource.h>/* setpriority */

#include <signal.h>/* getpid */

#include <sys/signal.h>

#include <sys/time.h>

#include "ioctl_meteor.h"

#define VIDEO_DEV "/dev/meteor0"

#define COLS 240 /* # of pixels in a row in output image */

#define ROWS 180 /* # of lines in output image */

#define SIZE (ROWS * COLS * 4) /* 4 bytes/pixel for METEOR_GEO_RGB24 */

#define PROG_PRIO -10 /* priority for the server */

static JSAMPLE * image_buffer; /* Points to large array of R,G,B-order data */

static int image_height; /* Number of rows in image */

static int image_width; /* Number of columns in image */

char *mmbuf; /* memory map buffer */

char *data; /* image data buffer */

int fc=0; /* frame counter */

int size = SIZE; /* image size */
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int im_ready; /* image ready in data buffer */

int framerate=10;

/* function prototypes */

static void gotframe(int x);

/* signal structure */

static struct sigaction sigact = { gotframe,

0,

SA_RESTART,

NULL };

static struct sigaction oldact;

void gotframe(int sig)

{

fc++;

if (fc%framerate==0) {

memcpy(data,mmbuf,size);

im_ready=1;

}

if ((oldact.sa_handler)!=NULL) {

(oldact.sa_handler)(sig);

}

}

void write_JPEG_file (int quality)

{

struct jpeg_compress_struct cinfo;

struct jpeg_error_mgr jerr;

JSAMPROW row_pointer[1]; /* pointer to JSAMPLE row[s] */

int row_stride; /* physical row width in image buffer */

cinfo.err = jpeg_std_error(&jerr);

jpeg_create_compress(&cinfo);

jpeg_stdio_dest(&cinfo, stdout); /* writes compressed image to stdout */

cinfo.image_width = image_width; /* image width and height, in pixels */

cinfo.image_height = image_height;

cinfo.input_components = 3; /* # of color components per pixel */

cinfo.in_color_space = JCS_RGB; /* colorspace of input image */

jpeg_set_defaults(&cinfo);

jpeg_set_quality(&cinfo, quality, TRUE /* limit to baseline-JPEG values */);

jpeg_start_compress(&cinfo, TRUE);

row_stride = image_width * 3; /* JSAMPLEs per row in image_buffer */

while (cinfo.next_scanline < cinfo.image_height) {

row_pointer[0] = &image_buffer[cinfo.next_scanline * row_stride];

(void) jpeg_write_scanlines(&cinfo, row_pointer, 1);
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}

jpeg_finish_compress(&cinfo);

jpeg_destroy_compress(&cinfo);

}

void write_JPEG_Image (void)

{

struct meteor_counts cnt;

struct meteor_geomet geo;

char *imdata, *buf;

int ifd, c, x, y, sigmode = 0;

struct timeval t;

long t0,t1;

int ic=0; /* image file counter */

char nf[20];

FILE *time_cap;

time_cap = fopen ("/home/tourino/timecap.out","w");

if ((ifd = open(VIDEO_DEV, O_RDONLY)) < 0) {

perror (VIDEO_DEV);

exit (1);

}

geo.rows = ROWS; /* # of lines in output image */

geo.columns = COLS; /* # of pixels in a row in output image */

geo.frames = 1; /* # of frames in a buffer */

geo.oformat = METEOR_GEO_RGB24 ; /* RGB 24 in 4 bytes: B,G,R,NULL */

sigmode = METEOR_SIG_FRAME;

if (ioctl (ifd, METEORSETGEO, &geo) < 0) {

perror ("ioctl SetGeometry failed");

exit (1);

}

c = METEOR_FMT_NTSC;

if (ioctl (ifd, METEORSFMT, &c) < 0) {

perror ("ioctl SetFormat failed");

exit (1);

}

c = METEOR_INPUT_DEV0; /* composite video RCA jack */

if (ioctl (ifd, METEORSINPUT, &c) < 0) {

perror ("ioctl Setinput failed");

exit (1);

}

sleep (1);

if ( sigaction(SIGUSR2, &sigact, &oldact) ) {

perror("sigaction failed");
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exit(1);

}

c = SIGUSR2 | sigmode;

if (ioctl(ifd, METEORSSIGNAL, &c) < 0) {

perror("ioctl SetSignal failed");

exit(1);

}

data=(char *)malloc(size);

mmbuf=(char *)mmap((caddr_t)0, size, PROT_READ,

MAP_FILE|MAP_PRIVATE, ifd, (off_t)0);

if ( mmbuf == (char *)-1 ) {

perror("mmap failed");

exit(1);

}

/* capture continuously */

c = METEOR_CAP_CONTINOUS;

if (ioctl(ifd, METEORCAPTUR, &c)) {

perror("ioctl SingleCapture failed");

exit(1);

}

/* M A I N L O O P */

gettimeofday(&t, NULL);

t0 = t.tv_sec*1000 + t.tv_usec/1000;

t1 = t0;

msg_id = init_message(); /* starting IPC */

while (t1-t0<600000) /* Timeout = 10 min. */

{

msg = read_message (msg_id,1);

if (msg != NULL)

framerate = atol (msg); /* frame rate setup */

// usleep(100);

gettimeofday(&t, NULL);

t1 = t.tv_sec*1000 + t.tv_usec/1000;

if (im_ready) {

fprintf (time_cap,"%ld\n",t1);

fflush (time_cap);

printf ("\n--JPEGImage\nContent-type: image/jpeg\n\n");

image_width = COLS;

image_height = ROWS;

if (NULL == (image_buffer = (JSAMPLE *)malloc(image_width*image_height*3))) {

perror ("malloc");
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exit (1);

}

buf = mmbuf; /* start of frame grabber data (B,G,R,NULL) */

imdata = (char *) image_buffer; /* start of JPEG buffer (R,G,B) */

for (y=0; y<ROWS; y++) {

for (x=0; x<COLS; x++) {

*(imdata++) = *(buf+2); /* R */

*(imdata++) = *(buf+1); /* G */

*(imdata++) = *(buf); /* B */

buf += 4; /* skip NULL */

}

}

write_JPEG_file (30);

fflush (stdout);

im_ready=0;

}

gettimeofday(&t, NULL);

t1 = t.tv_sec*1000 + t.tv_usec/1000;

}

c = METEOR_CAP_STOP_CONT;

if (ioctl(ifd, METEORCAPTUR, &c)) {

perror("ioctl SingleCapture2 failed");

exit(1);

}

close(ifd);

fclose (time_cap);

}

int main (int argc, char **argv)

{

int pid;

FILE *mypid;

if (setpriority (PRIO_PROCESS,0,PROG_PRIO) != 0)

fprintf (stderr,"Error in setpriority!\n");

pid = getpid (); /* getting the pid of program */

/* saving pid */

mypid = fopen ("/home/tourino/push.pid","w+");

fprintf (mypid,"%d",pid);

fclose (mypid);

printf ("HTTP/1.0 200 Okay\n");

printf ("Content-type: multipart/x-mixed-replace;boundary=JPEGImage\n\n");

write_JPEG_Image ();

}
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E .2 Clientes em Linguagem Java

E .2.1 I mageContr ol

// <APPLET CODE=ImageControl.class width=400 height=200></APPLET>

import java.awt.*;

import java.awt.event.*;

import java.applet.Applet;

import java.net.*;

import java.io.*;

import java.lang.*;

// Main class for control of the camera of the XR4000 robot

public class ImageControl extends Applet {

static String[]

stringButtons = {"UL","Up","UR","Left","Center","Right","DL","Down","DR","Move","Change"},

initSetup = {"10","5","0","0"};

static int[]

maxLimits = {140, 38, 140, 30},

minLimits = {2, 2, -140, -46};

Panel

controlPanel,

canvasPanel,

centerPanel;

Button[]

controlButtons = new Button[11];

Label

controlLabel;

URL

server;

SocketIO

connection;

TextField[]

setupText = new TextField[4];

PanCanvas

panCanvas;

TiltCanvas

tiltCanvas;

int

pan = 0,

tilt = 0,// absolute location of the camera

panchange = 10,

tiltchange = 5; // change values for the pantilt
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boolean

inUse = false;

// Init method for the applet. Initializes the applet and creates the panel and the

// buttons for its use.

public void init() {

controlLabel = new Label ("Connecting to server...");

try {

connection = new SocketIO (getCodeBase().getHost(),8086);

// opens the connection with the camera's remote server

controlLabel.setText ("Server connected.");

}

catch (UnknownHostException e) {

System.err.println ("Error in URL of camera server.");

controlLabel.setText ("Error in URL of camera server.");

inUse = true;

}

catch (IOException e) {

System.err.println ("Error connecting camera server.");

controlLabel.setText ("Error connecting camera server.");

inUse = true;

}

controlPanel = new Panel (new GridLayout (7,3));

panCanvas = new PanCanvas (pan,10,15,5,10,25,5,40,30);

tiltCanvas = new TiltCanvas (tilt,15,10,5,5,15,30);

Dimension sizeCanvas = new Dimension (100,100);

panCanvas.setSize (sizeCanvas);

tiltCanvas.setSize (sizeCanvas);

panCanvas.setScale ((float) 0.5);

tiltCanvas.setScale ((float) 0.5);

int i;

for (i=0;i<4;i++) { // creates all textfields

setupText[i] = new TextField (initSetup[i]);

setupText[i].addTextListener (new EventText (i));

}

for (i=0;i<9;i++) { // creates all buttons

controlButtons[i]=new Button (stringButtons[i]);

controlButtons[i].addActionListener (new EventButton (i));

controlPanel.add (controlButtons[i]);

}

controlButtons[9]= new Button (stringButtons[9]);

controlButtons[9].addActionListener (new EventButton (9));

controlButtons[10]= new Button (stringButtons[10]);

controlButtons[10].addActionListener (new EventButton (10));
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controlPanel.add (new Label (""));

controlPanel.add (new Label ("Absolute"));

controlPanel.add (new Label ("Change"));

controlPanel.add (new Label ("Pan"));

controlPanel.add (setupText[2]);

controlPanel.add (setupText[0]);

controlPanel.add (new Label ("Tilt"));

controlPanel.add (setupText[3]);

controlPanel.add (setupText[1]);

controlPanel.add (new Label (""));

controlPanel.add (controlButtons[9]);

controlPanel.add (controlButtons[10]);

canvasPanel = new Panel (new GridLayout (2,1));

canvasPanel.add (panCanvas);

canvasPanel.add (tiltCanvas);

centerPanel = new Panel (new GridLayout (1,2));

centerPanel.add (controlPanel);

centerPanel.add (canvasPanel);

setLayout (new BorderLayout ());

add (centerPanel,BorderLayout.CENTER);

add (controlLabel,BorderLayout.SOUTH);

}

// Destroy method for the applet. Stops the socket connection with the servers.

public void destroy () {

try {

connection.send("direction=center, start, goodbye"); // closing the remote server

connection.close();

} catch (IOException e) {

System.err.println ("Error closing connection with camera server.");

controlLabel.setText ("Error closing connection.");

}

}

// Class used to catch the events created by the buttons.

class EventButton implements ActionListener {

int index;

EventButton (int index) {

this.index = index;

}

public void actionPerformed (ActionEvent e) {

String command, pans, tilts;

int i;

switch (index) {

case 0:

case 3:
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case 6:

pan += panchange;

break;

case 2:

case 5:

case 8:

pan -= panchange;

break;

}

switch (index) {

case 0:

case 1:

case 2:

tilt += tiltchange;

break;

case 6:

case 7:

case 8:

tilt -= tiltchange;

break;

case 4:

pan = 0;

tilt= 0;

break;

case 9:

pan = Integer.parseInt (setupText[2].getText());

tilt = Integer.parseInt (setupText[3].getText());

break;

case 10:

panchange = Integer.parseInt (setupText[0].getText());

tiltchange = Integer.parseInt (setupText[1].getText());

break;

}

if (index < 9) {

setupText[2].setText(pan+"");

setupText[3].setText(tilt+"");

}

if (pan < minLimits[2])

pan = minLimits[2];

if (pan > maxLimits[2])

pan = maxLimits[2];

if (tilt < minLimits[3])

tilt = minLimits[3];

if (tilt > maxLimits[3])

tilt = maxLimits[3];

panCanvas.setAngle (pan);

tiltCanvas.setAngle (tilt);

pans = Math.round (pan/0.012857) + "";

tilts = Math.round (tilt/0.012857) + "";

command = "xabsolute="+pans+",yabsolute="+tilts+", start";
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try {

connection.send (command);

}

catch(Exception exception) {

controlLabel.setText ("Error: Server in use.");

inUse = true;

exception.printStackTrace();

}

if (inUse) {

for (i=0;i<11;i++)

controlButtons[i].setEnabled (false);

}

}

}

class EventText implements TextListener {

int index;

EventText (int index) {

this.index = index;

}

public void textValueChanged (TextEvent e) {

int textvalue = Integer.parseInt (setupText[index].getText());

if (textvalue > maxLimits[index])

setupText[index].setText(maxLimits[index]+"");

if (textvalue < minLimits[index])

setupText[index].setText(minLimits[index]+"");

}

}

// Canvas class

public class PanCanvas extends Canvas {

int teta, dx, dy, bc, hc, bs, hs, r; // robot's dimensions

float scale,phi;

Dimension size;

public PanCanvas (int teta, int dx, int dy, int bc, int hc, int bs, int hs, int r, int phi) {

this.teta = teta;

this.dx = dx;

this.dy = dy;

this.bc = bc;

this.hc = hc;

this.bs = bs;

this.hs = hs;

this.r = r;

this.phi = (float) MyMath.toRadians((double) phi);

scale = (float) 1.0;

size = new Dimension (200,200);
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repaint ();

}

public void setAngle (int teta) {

this.teta = teta;

repaint();

}

public void setScale (float s) {

this.scale = s;

repaint();

}

public void setSize (Dimension d) {

size = d;

}

Point fromCamera (Point P) {

Point n = new Point ();

double trad;

trad = MyMath.toRadians ((double) teta);

n.x = (int) (Math.cos(trad)*P.x - Math.sin(trad)*P.y - Math.cos(trad)*dx);

n.y = (int) (Math.sin(trad)*P.x + Math.cos(trad)*P.y - Math.sin(trad)*dx + dy);

n.x = (int) (n.x * scale);

n.y = (int) (n.y * scale);

return n;

}

Point fromPanTilt (Point P) {

Point n = new Point ();

double trad;

trad = MyMath.toRadians ((double) teta);

n.x = (int) (Math.cos(trad)*P.x - Math.sin(trad)*P.y);

n.y = (int) (Math.sin(trad)*P.x + Math.cos(trad)*P.y + dy);

n.x = (int) (n.x * scale);

n.y = (int) (n.y * scale);

return n;

}

public Dimension getPreferredSize() {

return getMinimumSize();

}
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public Dimension getMinimumSize() {

return size;

}

public void paint (Graphics g) {

Dimension s;

Point A,B,C,D,E,F,G,H,M,N,O,P;

Polygon camera, pantilt;

camera = new Polygon();

pantilt = new Polygon();

s = getSize();

g.clearRect (0,0,s.width,s.height);

g.setColor (Color.black);

g.drawOval ((int)(s.width/2 - r*scale),(int)(s.height/2 - r*scale),

(int)(2*r*scale),(int)(2*r*scale)); // robot

A = new Point (fromCamera (new Point (-bc/2, hc/2)));

B = new Point (fromCamera (new Point (bc/2, hc/2)));

C = new Point (fromCamera (new Point (bc/2, -hc/2)));

D = new Point (fromCamera (new Point (-bc/2, -hc/2)));

E = new Point (fromPanTilt (new Point (-bs/2, hs/2)));

F = new Point (fromPanTilt (new Point (bs/2, hs/2)));

G = new Point (fromPanTilt (new Point (bs/2, -hs/2)));

H = new Point (fromPanTilt (new Point (-bs/2, -hs/2)));

M = new Point (fromCamera (new Point (0, hc/2)));

N = new Point (fromCamera (new Point ((int)(-10*hc*Math.sin(phi)), (int)(hc/2+10*hc*Math.cos(phi)) )));

O = new Point (fromCamera (new Point (0,21*hc/2)));

P = new Point (fromCamera (new Point

((int)(10*hc*Math.sin(phi)),(int)(hc/2+10*hc*Math.cos(phi)) )));

camera.addPoint (s.width/2 + A.x, -A.y + s.height/2);

camera.addPoint (s.width/2 + B.x, -B.y + s.height/2);

camera.addPoint (s.width/2 + C.x, -C.y + s.height/2);

camera.addPoint (s.width/2 + D.x, -D.y + s.height/2);

pantilt.addPoint (s.width/2 + E.x, -E.y + s.height/2);

pantilt.addPoint (s.width/2 + F.x, -F.y + s.height/2);

pantilt.addPoint (s.width/2 + G.x, -G.y + s.height/2);

pantilt.addPoint (s.width/2 + H.x, -H.y + s.height/2);

g.setColor (Color.blue);

g.fillPolygon (pantilt);

g.setColor (Color.green);

g.fillPolygon (camera);

g.setColor (Color.red);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + N.x,s.height/2 - N.y);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + P.x,s.height/2 - P.y);
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g.setColor (Color.black);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + O.x,s.height/2 - O.y);

g.drawRect (0,0,s.width-1,s.height-1);

}

} // end of PanCanvas

public class TiltCanvas extends Canvas {

int teta, dx, dy, bc, hc, bs, hs, r; // robot's dimensions

float scale, phi;

Dimension size;

public TiltCanvas (int teta, int dy, int bc, int hc, int bs, int hs, int phi) {

this.teta = teta;

this.dy = dy;

this.bc = bc;

this.hc = hc;

this.bs = bs;

this.hs = hs;

this.phi = (float) MyMath.toRadians((double) phi);

scale = (float) 1.0;

size = new Dimension (200,200);

repaint ();

}

public void setAngle (int teta) {

this.teta = teta;

repaint();

}

public void setScale (float s) {

this.scale = s;

repaint();

}

public void setSize (Dimension d) {

size = d;

}

Point fromPanTilt (Point P) {

Point n = new Point ();

double trad;

trad = MyMath.toRadians ((double) teta);

n.x = (int) (Math.cos(trad)*P.x - Math.sin(trad)*P.y);

n.y = (int) (Math.sin(trad)*P.x + Math.cos(trad)*P.y + dy);

n.x = (int) (n.x * scale);

n.y = (int) (n.y * scale);

return n;
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}

public Dimension getPreferredSize() {

return getMinimumSize();

}

public Dimension getMinimumSize() {

return size;

}

public void paint (Graphics g) {

Dimension s;

Point A,B,C,D,E,F,G,H,I,J,K,L,M,N,O,P;

Polygon camera, pantilt, base;

base = new Polygon();

camera = new Polygon();

pantilt = new Polygon();

s = getSize();

g.clearRect (0,0,s.width,s.height);

g.setColor (Color.black);

A = new Point ((int)(-bs/2*scale), 0);

B = new Point ((int)(bs/2*scale), 0);

C = new Point ((int)(bs/2*scale),(int) (dy*scale));

D = new Point ((int)(-bs/2*scale),(int) (dy*scale));

E = new Point (fromPanTilt (new Point (-bs/2, 0)));

F = new Point (fromPanTilt (new Point (bs/2, 0)));

G = new Point (fromPanTilt (new Point (bs/2, hs)));

H = new Point (fromPanTilt (new Point (-bs/2, hs)));

I = new Point (fromPanTilt (new Point (-bc/2, hs)));

J = new Point (fromPanTilt (new Point (bc/2, hs)));

K = new Point (fromPanTilt (new Point (bc/2, hs+hc)));

L = new Point (fromPanTilt (new Point (-bc/2, hs+hc)));

M = new Point (fromPanTilt (new Point (bc/2, hs+hc/2)));

N = new Point (fromPanTilt (new Point ((int)(10*bc*Math.cos(phi)), (int)(hs+hc/2+10*bc*Math.sin(phi)) )));

O = new Point (fromPanTilt (new Point (21*bc/2,hs+hc/2)));

P = new Point (fromPanTilt (new Point ((int)(10*bc*Math.cos(phi)),

(int)(hs+hc/2-10*bc*Math.sin(phi)) )));

base.addPoint (s.width/2 + A.x, -A.y + s.height/2);

base.addPoint (s.width/2 + B.x, -B.y + s.height/2);

base.addPoint (s.width/2 + C.x, -C.y + s.height/2);

base.addPoint (s.width/2 + D.x, -D.y + s.height/2);
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pantilt.addPoint (s.width/2 + E.x, -E.y + s.height/2);

pantilt.addPoint (s.width/2 + F.x, -F.y + s.height/2);

pantilt.addPoint (s.width/2 + G.x, -G.y + s.height/2);

pantilt.addPoint (s.width/2 + H.x, -H.y + s.height/2);

camera.addPoint (s.width/2 + I.x, -I.y + s.height/2);

camera.addPoint (s.width/2 + J.x, -J.y + s.height/2);

camera.addPoint (s.width/2 + K.x, -K.y + s.height/2);

camera.addPoint (s.width/2 + L.x, -L.y + s.height/2);

g.setColor (Color.black);

g.fillPolygon (base);

g.setColor (Color.blue);

g.fillPolygon (pantilt);

g.setColor (Color.green);

g.fillPolygon (camera);

g.setColor (Color.red);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + N.x,s.height/2 - N.y);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + P.x,s.height/2 - P.y);

g.setColor (Color.black);

g.drawLine (s.width/2 + M.x,s.height/2 - M.y,s.width/2 + O.x,s.height/2 - O.y);

g.drawRect (0,0,s.width-1,s.height-1);

}

} // end of TiltCanvas

} // end of applet

E .2.2 RobotContr ol

// <APPLET CODE=RobotControl.class width=400 height=500></APPLET>

import java.awt.*;

import java.awt.event.*;

import java.applet.Applet;

import java.net.*;

import java.io.*;

// Main class for control of the XR4000 robot

public class RobotControl extends Applet {

static String[]

stringButtons =

{"CCW","Front","CW","Left","Stop","Right","","Back","","Change"},

actionButtons =

{"counterclockwise","front","clockwise","left","stop","right","","back","",""},

initSetup = {"100","15","500","30"};

Panel

controlPanel, sensorPanel, sonarPanel, batteryPanel, mapPanel;

Button[]

controlButtons = new Button[11];
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Choice

sensorChoice = new Choice();

Label

controlLabel, xLabel, yLabel, tLabel;

URL

server;

SocketIO

connection, sensorconnection, stopconnection;

GetSensors

sensors;

SensorCanvas

sensorCanvas;

BatteryCanvas

batteryCanvas;

//MapCanvas

// mapCanvas;

TextField[]

setupText = new TextField[4];

int[] sonar = new int[24],

ir = new int[24];

int battery = 13000;

// Init method for the applet. Initializes the applet and creates the panel and the

// buttons for its use.

public void init() {

controlLabel = new Label ("");

xLabel = new Label ("X=0");

yLabel = new Label ("Y=0");

tLabel = new Label ("Teta=0");

try {

connection = new SocketIO (getCodeBase().getHost(),8086); // opens the connection with the camera's remote server

connection.send ("sensors=on, distance=500");

sensorconnection = new SocketIO (getCodeBase().getHost(),8085);

stopconnection = new SocketIO (getCodeBase().getHost(),8084);

}

catch (UnknownHostException e) {

System.err.println ("Error in URL of robot server.");

}

catch (IOException e) {

System.err.println ("Error connecting robot server.");

controlLabel.setText ("Error connecting server.");

}
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controlPanel = new Panel (new GridLayout (9,3));

int i;

for (i=0;i<4;i++) { // creates all textfields

setupText[i] = new TextField (initSetup[i]);

setupText[i].addTextListener (new EventText (i));

}

for (i=0;i<9;i++) { // creates all buttons

controlButtons[i]=new Button (stringButtons[i]);

controlButtons[i].addActionListener (new EventButton (i));

if ((i != 6) && (i != 8))

controlPanel.add (controlButtons[i]);

else

controlPanel.add (new Label (""));

}

controlButtons[9]= new Button (stringButtons[9]);

controlButtons[9].addActionListener (new EventButton (9));

controlPanel.add (new Label (""));

controlPanel.add (new Label ("Distance"));

controlPanel.add (new Label ("Speed"));

controlPanel.add (new Label ("Linear (mm)"));

controlPanel.add (setupText[2]);

controlPanel.add (new Label (""));

controlPanel.add (new Label ("Angular (deg)"));

controlPanel.add (setupText[3]);

controlPanel.add (setupText[1]);

controlPanel.add (new Label (""));

controlPanel.add (new Label (""));

controlPanel.add (controlButtons[9]);

controlPanel.add (new Label ("Odometry"));

controlPanel.add (new Label (""));

controlPanel.add (new Label (""));

controlPanel.add (xLabel);

controlPanel.add (yLabel);

controlPanel.add (tLabel);

setLayout (new BorderLayout (2,2));

add (controlPanel,BorderLayout.CENTER);

add (controlLabel,BorderLayout.SOUTH);

sensors = new GetSensors();

sensorCanvas = new SensorCanvas (sonar);

sensorCanvas.setScale ((float) 1.5);

sensorCanvas.repaint();

// mapPanel = new Panel (new BorderLayout());

// mapCanvas = new MapCanvas (sonar,7000,3000,(int) (Math.PI/2*1000));

// mapPanel.add (new Label (""),BorderLayout.NORTH);

// mapPanel.add (mapCanvas);

batteryCanvas = new BatteryCanvas (battery);
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batteryCanvas.setScale ((float) 1.0);

batteryCanvas.repaint();

sensorPanel = new Panel (new GridLayout (3,1));

sonarPanel = new Panel (new BorderLayout ());

batteryPanel = new Panel (new BorderLayout ());

sonarPanel.add (sensorCanvas,BorderLayout.SOUTH);

sonarPanel.add (sensorChoice,BorderLayout.NORTH);

batteryPanel.add (batteryCanvas,BorderLayout.SOUTH);

sensorPanel.add (sonarPanel);

sensorPanel.add (batteryPanel);

// sensorPanel.add (mapPanel);

sensorChoice.addItem ("Sonar");

sensorChoice.addItem ("Infrared");

add (sensorPanel,BorderLayout.EAST);

}

// Destroy method for the applet. Stops the socket connection with the servers.

public void destroy () {

sensors.cancel ();

try {

connection.send("sensors=off, goodbye"); // closing the remote server

connection.close();

sensorconnection.send ("goodbye");

sensorconnection.close();

stopconnection.send ("goodbye");

stopconnection.close();

} catch (IOException e) {

System.err.println ("Error closing connection with robot server.");

}

}

// Class used to catch the events created by the buttons.

class EventButton implements ActionListener {

int index;

EventButton (int index) {

this.index = index;

}

public void actionPerformed (ActionEvent e) {

String command,teta, omega;

teta = Math.round (Integer.parseInt (setupText[3].getText()) *

Math.PI / 180 * 1000) + "";

omega = Math.round (Integer.parseInt (setupText[1].getText()) *

Math.PI / 180 * 1000) + "";
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if (index < 9)

command = "direction=" + actionButtons[index] + ", start";

else

command =

"distance="+setupText[2].getText()+",teta="+teta+",speed="+setupText[0].getText()+",omega="+omega+",start";

try {

if (index == 4) // stop button

stopconnection.send ("stop=on");

else

connection.send (command);

}

catch(Exception exception) {

exception.printStackTrace();

controlLabel.setText ("Error sending command.");

}

}

}

class EventText implements TextListener {

int index;

EventText (int index) {

this.index = index;

}

public void textValueChanged (TextEvent e) {

int textvalue = Integer.parseInt (setupText[index].getText());

}

}

// Threaded class that gets sensor data from server

class GetSensors extends Thread {

String rsensor, rbattery, rodometry;

boolean running = true;

StringToIntArray csensor, cbattery, codometry;

GetStringType tsensor, tbattery, todometry;

int[] batterydata = new int[24];

int[] odometrydata = new int[24];

int i, lessbattery;

int sleeptime = 500;

GetSensors () {

start();

}

void cancel () {

running = false;

}
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public void run () {

int[] data = new int[24];

while (running) {

try {

if (sensorChoice.getSelectedIndex() == 0) // sonar

sensorconnection.send ("get=sonar");

else

sensorconnection.send ("get=IR");

sleep (sleeptime);

rsensor = sensorconnection.get ();

}

catch (InterruptedException e) { }

catch (IOException e) {

controlLabel.setText ("Server out.");

running = false;

}

tsensor = new GetStringType (rsensor);

if (sensorChoice.getSelectedIndex() == 0) {

csensor = new StringToIntArray

(tsensor.getString ("S"));

sensorCanvas.setLimits (500,2000,5000);

}

else {

csensor = new StringToIntArray

(tsensor.getString ("I"));

sensorCanvas.setLimits (100,180,220);

}

data = csensor.getArray();

for (i = 0;i<24;i++)

if (sensorChoice.getSelectedIndex() == 0)

data[i] *= 100;

else

data[i] = 250 - data[i]*10;

sensorCanvas.update (data);

try {

sensorconnection.send ("get=battery");

sleep (sleeptime);

rbattery = sensorconnection.get ();

}

catch (InterruptedException e) { }

catch (IOException e) {

controlLabel.setText ("Server out.");

running = false;

}

tbattery = new GetStringType (rbattery);

cbattery = new StringToIntArray

(tbattery.getString ("B"));
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batterydata = cbattery.getArray();

lessbattery = 15000;

for (i=0;i<4;i++) {

lessbattery = batterydata[i]*100 <

lessbattery ? batterydata[i]*100 :

lessbattery;

}

batteryCanvas.update (lessbattery);

try {

sensorconnection.send ("get=odometry");

sleep (sleeptime);

rodometry = sensorconnection.get();

}

catch (InterruptedException e) { }

catch (IOException e) {

controlLabel.setText ("Server out.");

running = false;

}

todometry = new GetStringType (rodometry);

codometry = new StringToIntArray

(todometry.getString ("O"));

odometrydata = codometry.getArray();

xLabel.setText ("X="+odometrydata[0]);

yLabel.setText ("Y="+odometrydata[1]);

tLabel.setText ("Teta="+Math.round

(odometrydata[3] * 180 / Math.PI / 1000));

// mapCanvas.update

//(csensor.getArray(),odometrydata[0],

//odometrydata[1], odometrydata[2]);

}

}

}

// Class that transforms string from server to array of integers

public class StringToIntArray {

String s;

int p,q,i;

int[] array;

public StringToIntArray (String S) {

s = S;

array = new int[24];

}

public void putString (String S) {

s = S;

}
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public String getString () {

return s;

}

public int[] getArray () {

p = 0;

q = 0;

i = 0;

while ((q != -1) && (i < 24)) {

p = s.indexOf (' ',p);

q = s.indexOf (' ',p+1);

try {

if (q != -1)

array[i++] = Integer.parseInt (s.substring (p++,q).trim());

}

catch (NumberFormatException e) {

System.err.println (s);

}

}

return array;

}

}

// class that gets from a big string a smaller string separated by a type id

public class GetStringType {

String s;

int p,q;

public GetStringType (String S) {

s = S;

}

public void putString (String S) {

s = S;

}

public String getString (String type) {

String r;

p = s.indexOf (type,0) + 1;

q = s.indexOf (type,p);

if ((p > 0) && (q > p))

r = " "+s.substring (p,q).trim()+" ";

else

r = new String (" ");

return r;

}

} // end of GetStringType
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// Sensor canvas class

public class SensorCanvas extends Canvas {

int close, medium, far, r;

float scale;

Dimension size;

int[] sensordata;

public SensorCanvas (int[] sensordata) {

this.sensordata = new int[24];

this.sensordata = sensordata;

close = 500;

medium = 2000;

far = 5000;

r = 25;

scale = (float) 1.0;

size = new Dimension (100,100);

repaint();

}

public void update (int[] sensordata) {

this.sensordata = sensordata;

repaint ();

}

public void setLimits (int close, int medium, int far) {

this.close = close;

this.medium = medium;

this.far = far;

}

public void setScale (float scale) {

this.scale = scale;

}

public void setSize (Dimension size) {

this.size = size;

}

public Dimension getPreferredSize () {

return getMinimumSize();

}

public Dimension getMinimumSize () {

return size;

}

public void paint (Graphics g) {

Dimension s;
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Color color;

int angle,i;

s = getSize();

g.clearRect (0,0,s.width,s.height);

g.drawRect (0,0,s.width-1,s.height-1);

g.fillOval ((int)(s.width/2 - r*scale-2),(int)(s.height/2 - r*scale-2),

(int)(2*r*scale+4),(int)(2*r*scale+4)); // robot

for (angle = 0,i = 0;angle < 360; angle += 15,i++) {

if (sensordata[i] < close) {

color = Color.red;

if (sensordata[i] < (int)(close/3))

color = color.brighter();

if (sensordata[i] > (int)(2*close/3))

color = color.darker();

}

else

if (sensordata[i] < medium) {

color = Color.yellow;

if (sensordata[i] < (int)(close + (medium-close)/3))

color = color.brighter();

if (sensordata[i] > (int)(close + (medium-close)*2/3))

color = color.darker();

}

else {

color = Color.green;

if (sensordata[i] < (int)(medium+(far-medium)/3))

color = color.brighter();

if (sensordata[i] > (int)(medium+(far-medium)*2/3))

color = color.darker();

}

g.setColor (color);

g.fillArc ((int)(s.width/2 - r*scale),(int)(s.height/2 - r*scale),

(int)(2*r*scale),(int)(2*r*scale),angle+2,11);

}

g.setColor (Color.black);

g.fillOval ((int)(s.width/2 - 2*r/3*scale-2),(int)(s.height/2 - 2*r/3*scale-2),

(int)(4*r/3*scale+4),(int)(4*r/3*scale+4)); // robot

}

} // end of SensorCanvas

// Battery canvas class

public class BatteryCanvas extends Canvas {

int min, red, yellow, green, max, voltage;

float scale;

Dimension size;

public BatteryCanvas (int voltage) {
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this.voltage = voltage;

min = 10000;

red = 11000;

yellow = 12000;

green = 13000;

max = 15000;

scale = (float) 1.0;

size = new Dimension (100,50);

repaint();

}

public void setLimits (int min,int red, int yellow, int green, int max) {

this.min = min;

this.red = red;

this.green = green;

this.yellow = yellow;

this.max = max;

repaint();

}

public void update (int voltage) {

this.voltage = voltage;

repaint();

}

public void setScale (float scale) {

this.scale = scale;

}

public void setSize (Dimension size) {

this.size = size;

}

public Dimension getPreferredSize () {

return getMinimumSize();

}

public Dimension getMinimumSize () {

return size;

}

public void paint (Graphics g) {

Dimension s;

Color color;

double angle;

s = getSize();

g.clearRect (0,0,s.width,s.height);

g.setColor (Color.green);

g.fillArc (0,0,s.width,s.height*2,180,-180);

g.setColor (Color.yellow);

g.fillArc (0,0,s.width,s.height*2,180,(int)

(-((double)(yellow-min)/(max-min))*180));

g.setColor (Color.red);

g.fillArc (0,0,s.width,s.height*2,180,(int)
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(-((double)(red-min)/(max-min))*180));

g.setColor (Color.white);

g.fillArc ((int)(10*scale),(int)(10*scale),(int) ((s.width-20)*scale),

(int) ((s.height*2-20)*scale),0,180);

g.setColor (Color.black);

angle = Math.PI*(1-(double)(voltage-min)/(max-min));

g.drawLine ((int) (s.width/2),s.height-1,

(int) (s.width/2*(1+Math.cos(angle))-1),

(int) (s.height-s.width/2*Math.sin(angle)-1));

g.drawString (""+min/1000,(int) (12*scale),s.height);

g.drawString (""+max/1000,(int)

(s.width-23*scale),s.height);

g.drawString ("V",(int) (s.width/2-2*scale),(int)

(s.height/2));

}

} // end of BatteryCanvas

public class MapCanvas extends Canvas {

float scale,teta;

Dimension size;

int x,y;

int[] sensordata;

int[][] map;

int Grid = 15;

public MapCanvas (int[] sensordata, int x, int y, int teta) {

int i,j;

this.sensordata = new int[24];

this.sensordata = sensordata;

this.x = x/1000;

this.y = y/1000;

this.teta = (float) (teta/1000);

scale = (float) 1.0;

size = new Dimension (150,150);

map = new int[Grid][Grid];

for (i=0;i<Grid;i++)

for (j=0;j<Grid;j++)

map[i][j]=0;

map[this.x][Grid-this.y-1]=100; /* robot point */

repaint();

}

public void update (int[] sensordata, int x, int y, int teta) {

int i,j;

int X,Y;

float phi,r;

this.sensordata = sensordata;

this.x = x/1000;
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this.y = y/1000;

this.teta = (float) (teta/1000);

for (i=0;i<Grid;i++)

for (j=0;j<Grid;j++)

map[i][j] -= 1; /* forgetting obstacles */

for (i=0;i<24;i++) {

r = sensordata[i]/1000;

phi = (float)((7.5 + i*15) * Math.PI / 180);

X = (int)(x*(Math.cos(phi)*Math.cos(teta)-

Math.sin(phi)*Math.sin(teta)) - y*(Math.cos(phi)*Math.sin(teta)+

Math.sin(phi)*Math.cos(teta)) + r);

Y = (int)(x*(Math.sin(phi)*Math.cos(teta)+

Math.cos(phi)*Math.sin(teta)) + y*(Math.cos(phi)*Math.cos(teta)-

Math.sin(phi)*Math.sin(teta)));

if ((X < Grid) && (X > 0) && (Y < Grid) && (Y > 0))

map[X][Grid-Y-1]=60;

/* one minute of life */

}

map[x][Grid-y-1]=100; /* robot point */

repaint();

}

public void setScale (float scale) {

this.scale = scale;

}

public void setSize (Dimension size) {

this.size = size;

}

public Dimension getPreferredSize () {

return getMinimumSize();

}

public Dimension getMinimumSize () {

return size;

}

public void paint (Graphics g) {

int i,j,dx,dy;

Dimension s;

s = getSize();

dx = s.width / Grid;

dy = s.height / Grid;

for (i=0;i<Grid;i++)

for (j=0;j<Grid;j++) {

if (map[i][j] > 0)

g.setColor(new
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Color((float) (map[i][j]/60),(float) 0.0,(float) 0.0));

else

g.setColor(Color.white);

if (map[i][j] > 60)

g.setColor(Color.black);

g.fillRect (i*dx,j*dy,

(i+1)*dx,(j+1)*dy);

}

g.setColor (Color.black);

for (i=0;i<Grid;i++) {

g.drawLine (i*dx,0,i*dx,s.height);

g.drawLine (0,i*dy,s.width,i*dy);

}

g.drawLine (s.height-1,0,s.height-1,s.width);

g.drawLine (0,s.width-1,s.height,s.width-1);

}

} // end of MapCanvas

} // end of applet

E .2.3 SocketI O

/* -----------------2/24/00 10:52AM------------------

* SocketIO class

*

* Programmer: S¶ergio Roberto Gonsalves Tourino

* Contact: tourino@graco.unb.br

*

* This class is used to define input and output streams

* through a socket connection, and use them to transfer

* string-like data. The conversion made between byte arrays

* and string is for C language compatibility (ASCII characters).

* --------------------------------------------------*/

import java.io.*;

import java.net.*;

public class SocketIO {

BufferedInputStream in; // input stream

BufferedOutputStream out; // output stream

Socket socket; // socket connection

String str;

boolean connected = true; // connection flag

boolean flushIO; // flush flag

byte[] inbyte = new byte[100];

byte[] outbyte = new byte[100];

/* -----------------2/24/00 10:43AM------------------

* Default constructor defines flushed IO

* --------------------------------------------------*/

public SocketIO (String host, int port) throws UnknownHostException, IOException {

this (host,port,true); // Default is flushed IO

}
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/* -----------------2/24/00 10:43AM------------------

* Constructor to define the flushing behavior

* --------------------------------------------------*/

public SocketIO (String host, int port, boolean flushIO) throws

UnknownHostException, IOException {

this.flushIO = flushIO; // The user defines flushing

socket = new Socket(host,port);

out = new BufferedOutputStream(socket.getOutputStream());

in = new BufferedInputStream(socket.getInputStream());

}

/* -----------------2/24/00 10:44AM------------------

* Method for output strings as byte arrays

* --------------------------------------------------*/

public synchronized void send (String output) throws IOException {

output = output + "\n"; // for C compatibility

outbyte = output.getBytes(); // string->byte array

out.write (outbyte,0,output.length());

if (flushIO)

out.flush(); // flushes the stream

}

/* -----------------2/24/00 10:45AM------------------

* Method for input byte arrays as string

* --------------------------------------------------*/

public synchronized String get() throws IOException {

int size = in.read(inbyte);

str = new String (inbyte); // byte array->string

str = str.substring (0,size-1);

return str;

}

/* -----------------2/24/00 10:45AM------------------

* Gets the handler for the input stream

* --------------------------------------------------*/

public InputStream getInputStream () {

return in;

}

/* -----------------2/24/00 10:46AM------------------

* Gets the handler for the output stream

* --------------------------------------------------*/

public OutputStream getOutputStream () {

return out;

}

/* -----------------2/24/00 10:46AM------------------
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* Gets the handler for the socket connection

* --------------------------------------------------*/

public Socket getSocket () {

return socket;

}

/* -----------------2/24/00 10:46AM------------------

* Closes all the streams and sockets used

* --------------------------------------------------*/

public synchronized void close () throws IOException {

in.close();

out.close();

socket.close();

}

/* -----------------2/24/00 10:47AM------------------

* Default toString method for debugging

* --------------------------------------------------*/

public String toString () {

return "Socket: "+socket.toString()+"\n"+"Input: "+in.toString()+"\n"+"Output: "+out.toString();

}

}

E .3 Ar quivo de Con¯gur a»c~ao do Contr olador F uzzy

// Saved from AST by root@radio, Fri May 5 11:07:25 2000

#and min

#or max

#not not

#implication min

#also max

#composition max

#defuzzification CenterOfArea

type sonar : real [8001] ( 0.000000 < 8000.000000 ) {

verynear triangle (-1000.000000, 0.000000, 911.032028)

near triangle (0.000000, 1338.078292, 3103.202847)

medium triangle (1081.850534, 2960.854093, 4982.206406)

far triangle (3814.946619, 5124.555160, 6604.982206)

veryfar triangle (5067.615658, 8000.000000, 8100.000000)

}

type speed : real [1501] ( 0.000000 < 1500.000000 ) {

veryslow trapezoid (-1000.000000, 0.000000, 53.380783, 154.804270)

slow trapezoid (218.861210, 261.565836, 362.989324, 469.750890)

medium trapezoid (507.117438, 565.836299, 693.950178, 816.725979)

fast trapezoid (870.106762, 955.516014, 1056.939502, 1147.686833)

veryfast trapezoid (1190.391459, 1270.462633, 1473.309609, 1500.000000)

}
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type distance : real [5001] ( 0.000000 < 5000.000000 ) {

verynear triangle (-1000.000000, 0.000000, 551.601423)

near triangle (0.000000, 747.330961, 1868.327402)

medium triangle (818.505338, 1868.327402, 3220.640569)

far triangle (2384.341637, 3238.434164, 4181.494662)

veryfar triangle (3185.053381, 5000.000000, 5100.000000)

}

system (sonar ? sonar, distance ? distance, speed ! speed)

rulebase {

if sonar is verynear & distance is verynear -> speed is veryslow

if sonar is verynear & distance is near -> speed is veryslow

if sonar is verynear & distance is medium -> speed is veryslow

if sonar is verynear & distance is far -> speed is veryslow

if sonar is verynear & distance is veryfar -> speed is veryslow

if sonar is near & distance is verynear -> speed is veryslow

if sonar is near & distance is near -> speed is slow

if sonar is near & distance is medium -> speed is slow

if sonar is near & distance is far -> speed is slow

if sonar is near & distance is veryfar -> speed is slow

if sonar is medium & distance is verynear -> speed is veryslow

if sonar is medium & distance is near -> speed is slow

if sonar is medium & distance is medium -> speed is medium

if sonar is medium & distance is far -> speed is medium

if sonar is medium & distance is veryfar -> speed is medium

if sonar is far & distance is verynear -> speed is veryslow

if sonar is far & distance is near -> speed is slow

if sonar is far & distance is medium -> speed is medium

if sonar is far & distance is far -> speed is fast

if sonar is far & distance is veryfar -> speed is fast

if sonar is veryfar & distance is verynear -> speed is veryslow

if sonar is veryfar & distance is near -> speed is slow

if sonar is veryfar & distance is medium -> speed is medium

if sonar is veryfar & distance is far -> speed is fast

if sonar is veryfar & distance is veryfar -> speed is veryfast

}


