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Rys. 9. Schemat blokowy toru analogowego 

przetwarzania próbek głosowych

Rys. 10.  Heksapod (stan obecny)

 !"!#$%&'()&*+$,-'#$%$.+'!/!.+0&,*-1!2$*!.!3%-'*-1!$

&/454)&#!6&$7-'(6-$8!.-6$9(:8!2$;!%.&)&,<3-1!$*&$!/!=!$>?$@$

3(<1=-,$;6&3+A$B/454)&#!6$,-'#$*(-%.+/)-$)-//($C>DD$1E2$;6%+$

3%+5$5&$04F<$;!,-5*!GH$I$JK??$5B@A$L=M.*<$%&)-#<$%&'#!:

'!.&*(&$%&'()&*(&$&/454)&#!6!.-1!$,-'#$%.(N/'%-*(-$5!"():

*!G3($;!;6%-%$4*(-%&)-F*(-*(-$'(N$!0$0=41!G3($/&")&$%&'()&,<:

3-1!$!6&%$%&'()&3%&2$.;6!.&0%&,<3-1!$0!0&#/!.-$'#6&#+$-*-6:

1(($($'%45+A$O%&'$/!6%+'#&*(&$%$!1*(.$,-'#$4%&)-F*(!*+$#&/F-$

!0$)(3%"+$5!04=M.$0!0&#/!.+3@$($(3@$.+/!6%+'#&*(&$.$#6&/:

3(-$;!64'%&*(&$'(N$6!"!#&A

Moduły dodatkowe robota

 !"!#$;!.(*(-*$%!'#&H$.+;!'&F!*+$.$5!04=+$0!0&#/!.-2$

/#M6-$6!%'%-6%&,<$,-1!$P4*/3,!*&)*!GH$!6&%$;!%.&)&,<$;!64:

'%&H$'(N$.$*(-%*&*+5$#-6-*(-A$Q'%+'#/(-$-)-5-*#+$54'%<$"+H$

)-//(-$%-$.%1)N04$*&$/!*(-3%*!GH$%&5!3!.&*(&$(3@$*&$/!6;4:

'(-A$Q$3@.()($!"-3*-,$6!"!#$%!'#&=$6!%"40!.&*+$!$5!04=$'#-:

6!.&*(&$1=!'!.-1!$C6+'A$REA

Q$3+P6!.+5$';6%N3(-$-)-/#6!*(3%*+52$3%NGH$&*&)!1!.&$

,-'#$3%N'#!$*(-3@3(&*+5$-)-5-*#-52$&)-$*(-'#-#+$*(-4*(/*(!:

*+5A$S+1*&=$%$5(/6!P!*4$!$*(-.(-)/(-,$&5;)(#40%(-$*&,;(-6.$

/(-6!.&*+$,-'#$0!$.%5&3*(&3%&A$T&'#N;*+5$-)-5-*#-5$#!64$

,-'#$U$)#6$0!)*!;6%-;4'#!.+2$#=45(<3+$3%N'#!#)(.!G3($.+F'%-$

*(F$;!=!.&$3%N'#!#)(.!G3($;6M"/!.&*(&A$7V.(N/$;6M"/!.&*+$

"N0%(-$%$3%N'#!#)(.!G3(<$>W$/X%2$%&#-5$3%N'#!#)(.!GH$16&*(3%:

*&$U$)#64$;!.(**&$.+*!'(H$5&/'+5&)*(-$Y$/X%A$Z&/($4/=&0$;!:

%.&)&$*&$6!%;!%*&*(-$1=!'4$!'!"+$!0;!.(-0%(&)*-,$%&$'#-6!:

.&*(-$643@-5$6!"!#&A

Q$;6%+'%=!G3($;)&*!.&*-$,-'#$%&5!*#!.&*(-$/&5-6+$;!:

%.&)&,<3-,$*&$6!%;!%*&.&*(-$"&6.A$Z!$45!F)(.($'&5!3%+*:

*-$.3@!0%-*(-$;!$'3@!0&3@$*&$;!0'#&.(-$6!%6MF*(&*(&$6MF:

*(3+$!03(-*($!G.(-#)!*-,$;!.(-6%3@*($'#!;*(&$!0$3(-5*(-,'%-,$

;!0'#&.+A$Q&F*-$,-'#$6M.*(-F$.+;!'&F-*(-$/!*'#64/3,($.$-)-:

5-*#$;!%.&)&,<3+$*&$!3-*N$!0)-1=!G3($!0$G3(&*$)4"$;6%-'%/M0$

($%&#6%+5&*(-$6!"!#&$.$!0;!.(-0*(5$5!5-*3(-A$7!$#-1!$3-)4$

;6&.0!;!0!"*(-$%!'#&*(-$.+/!6%+'#&*+$0&)5(-6%$)&'-6!.+A

$86&3&$;6%+$/!*'#64/3,($6!"!#&$/6!3%<3-1!$C6+'A$>?E$,-'#$*&:

4/<$;6&/#+3%*-1!$.+/!6%+'#&*(&$%0!"+#+3@$.(&0!5!G3($*&$

.+/=&0&3@$($H.(3%-*(&3@2$%*&3%*(-$"&60%(-,$;6%-5&.(&,<3<$0!$

.+!"6&V*($($%&3@N3&,&3<$'#40-*#&$0!$.3(-)&*(&$*&4/($.$F+3(-A

Bibliogra!a

>A$Z6!,*&3/($[A2$S%+*/&63%+/$8A2$B*06%-,4/$BA\$ !"#!"$%!&'()*

+(%,&-(./0"1$2&'(.(34+&05#(+1$2$C>E$6')!705#&'(.(34+&-(*

./0"1$2&#(&)893(9(+8:&9;!$%80"1$2&I$8B $W]J??Y2$'A$>>I>^A

JA$$T!#&$/&#&)!1!.&$5(/6!/!*#6!)-6&$BZ[-1&DJ$U$65+$B#5-)$

_@##;\]]...A&#5-)A3!5]0+*]6-'!463-'];6!0`0!345-*#']

0!3JK?DA;0PaA$$

$

(-)-$"&0&b$-/';-6+5-*#&)*+3@$.+5&1&$.+/!*&*(&$'-6(($

;!5(&6M.$%$,-0*!3%-'*+5$;6%-5(-'%3%&*(-5$-)-5-*:

#M.$4/=&04$;!5(&6!.-1!A$Z&/(-$;!5(&6+$54'%<$"+H$.+/!*&:

*-$'%+"/!2$&"+$;&6&5-#6+$"&0&*-1!$4/=&04$*(-$%5(-*(&=+$'(N$

.$#6&/3(-$(3@$6-&)(%&3,(A$Q$%.(<%/4$%$#+5$;6!3-'$#-*$.+5&:

1&$&4#!5&#+%&3,(A

7!$#-,$/&#-1!6(($46%<0%-b$*&)-F+$5!*!3@6!5&#!6$I$;6%+6%<0$

;6%-%*&3%!*+$0!$&*&)(%+$';-/#6&)*-,$G.(&#=&A$c&'&0&$,-1!$0%(&:

=&*(&$;!)-1&$*&$6!%'%3%-;(-*(4$.(<%/($G.(&#=&2$*&$;6%+/=&0$%&$

;!5!3<$'(&#/($0+P6&/3+,*-,2$($.+/!*&*(4$'-)-/#+.*+3@$;!5(&:

6M.$'/=&0!.+3@$.(05&A$8!5(&6+$#&/(-$.+/!*+.&*-$'<$*(-64:

3@!5+5$3%4,*(/(-52$&$.+"M6$0=41!G3($P&)($6-&)(%4,-$'(N$;!;6%-%$

!"6M#$'(&#/($0+P6&/3+,*-,A$S3@-5&#+3%*(-$"40!.N$5!*!3@6!:

Sterownik monochromatora 

na bazie układu FPGA
<(.!'3&='8.8:9>/?&@')19)3(A& (-$)!+9>/&B&C@D&C;!>3',-&6(0/3!$2"/>8&E;(09>8

5&#!6&$;!/&%&*!$*&$6+'A$>A$d!)!6-5$3%-6.!*+5$%&%*&3%!*!$

-)-5-*#+$.+/!*&.3%-$.';M=;6&34,<3-$%-$'#-6!.*(/(-5$_KaA

S#-6!.*(/($#-1!$#+;4$46%<0%-b$6-&)(%!.&*-$'<$%&%.+3%&,$

*&$"&%(-$5(/6!;6!3-'!6M.A$Q$6&5&3@$0%(&=&)*!G3($SdT$S;-/:

#645$;!0,N#!$;6M"N$%&;6!,-/#!.&*(&$'#-6!.*(/&$.+';-3,&)(%!:

.&*-1!$0!$#-1!$3-)42$"&%4,<3-1!$*&$4/=&0%(-$;6!16&5!.&):

*+5$e8LBA$Q$#6&/3(-$6-&)(%&3,($#-,$;6&3+$.+/!6%+'#&*!$-)-:

5-*#+$.3%-G*(-,$!;6&3!.&*-,$.$6&5&3@$0%(&=&)*!G3($/!=&$"(:

")(!#-/($fX79$_>aA

7!$6-&)(%&3,($;6!,-/#4$%&'#!'!.&*!$,N%+/$fX79$_D2$^aA$

g5!F)(.(&$!*$.+/!*&*(-$!;('4$'#64/#46+$)4"$P4*/3,($46%<:

0%-*(&2$,-1!$0-/!5;!%+3,N$*&$5*(-,'%-$")!/($!6&%$'+*#-%N$

4/=&04$_JaA$86!,-/#$%6-&)(%!.&*!$.$;&/(-3(-$*&6%N0%(!.+5$
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hSi$U$65+$j()(*k$.$.-6',($>?A>$_Wa2$&$0!$'+54)&3,($.+/!6%+:

'#&*!$;6!16&5$[!0-)S(5$ji$hhh$WAD1$_WaA$l-'#$#!$0&65!.-2$

.$;-=*($P4*/3,!*&)*-$!;6!16&5!.&*(-2$.+'#&63%&,<3-$0!$6-:

&)(%&3,($*&.-#$"&60%!$%=!F!*+3@$;6!,-/#M.A

86!,-/#$%&(5;)-5-*#!.&*!$.$4/=&0%(-$e8LB$S;&6#&*$Di$

_Wa2$%&(*'#&)!.&*+5$.$%-'#&.(-$;6!#!#+;!.+5$m&'+'$U$65+$

7(1()-*#$!6&%$;6%-#.!6*(/$;!5(&6!.+$85!0B7>$I$Z.!$>J:"(#$

B]7$#-,$'&5-,$U$65+$_^aA

Funkcje realizowane przez sterownik

c&0&*(-5$'#-6!.*(/&$,-'#$.+/!*&*(-$'-6(($;!5(&6M.$%$,-0*!:

3%-'*+5$;!%+3,!*!.&*(-5$'(&#/($0+P6&/3+,*-,2$%&;('-5$.+:

*(/M.$($(3@$;6-%-*#&3,<$16&U$3%*<A$7!$(*(3,&)(%&3,($($!03%+#4$

'#&*4$;6%-#.!6*(/M.$;!5(&6!.+3@$.$4/=&0%(-$%&(5;)-5-*:

#!.&*!$(*#-6P-,'$'%-6-1!.+$S8hA$8!0'#&.!.-$;&6&5-#6+$;6&:

3+$4/=&04$%&0&.&*-$'<$%$#+;!.-,$/)&.(&#46+$/!5;4#-6!.-,2$

3!$.+5&1&=!$(5;)-5-*#&3,($(*#-6P-,'4$8S]JA$S(&#/&$0+P6&/3+,:

*&$;!%+3,!*!.&*&$,-'#$%&$;!5!3<$'()*(/&$/6!/!.-1!A$S#-6!.:

*(/$#-1!$'()*(/&$'#&*!.($/!)-,*+$-)-5-*#$%&(5;)-5-*#!.&*+$

.$'#64/#46%-A$n'#&#*(5$-)-5-*#-5$;6!,-/#4$

,-'#$(*#-6P-,'$fLB$%&(5;)-5-*#!.&*+$.$3-)4$

;!0=<3%-*(&$5!*(#!6&$($.(%4&)(%&3,($.+*(/M.A$

Realizacja projektu

S3@-5&#$'#-6!.*(/&$!;6&3!.&*-1!$.$;&/(-:

3(-$hSi$Q-"8&3/$;!/&%&*!$*&$6+'A$JA$S/=&:

0&$'(N$!*$%$!;6&3!.&*+3@$.$6&5&3@$;6!,-/#4$

0%(-.(N3(4$")!/M.2$/#M6-$6-&)(%4,<$.3%-G*(-,$

;6%-0'#&.(!*-$P4*/3,-$'#-6!.*(/&A

c&$/!54*(/&3,N$'#-6!.*(/&$%$/)&.(&#46<$

/!5;4#-6!.<2$;!0=<3%!*<$0!$;!6#4$8S]J$%-:

'#&.4$4643@!5(-*(!.-1!2$!0;!.(&0&,<$0.&$

5!04=+\$d9BQhB$!6&%$SZi nQBThiA$[!:

04=$d9BQhB$'=4F+$0!$!03%+#4$*45-64$/!04$

.3(G*(N#-1!$/)&.('%&A$l-0*!6&%!.-$*&3(G*(N3(-$

/)&.('%&2$*(-%&)-F*(-$!0$3%&'4$,-1!$;6%+#6%+:

5&*(&2$1-*-64,-$,-0*<$!G5(!"(#!.<$.&6#!GH2$/#M6&$;6%-'+=&*&$

,-'#$0!$5!04=4$SZi nQBThiA$[!04=$SZi nQBThi$0!:

/!*4,-$/!*.-6',($*45-64$/)&.('%&$*&$'+1*&=+$'#-64,<3-2$#&/(-$

,&/$6-'-#2$'#&6#]'#!;$)4"$%5(&*&$;!$'/!/4$.(-)/!G3($5(-6%!*-,A

c&$'+*3@6!*(%&3,N$!03%+#4$'#&*4$;6%-#.!6*(/&$&*&)!1!.!:

3+P6!.-1!2$%&;('4$.+*(/M.$!6&%$!"6M#$'(&#/($0+P6&/3+,*-,$!0:

;!.(&0&$5!04=$9hOcThdA$[!04=$#-*$;6%-#.&6%&$'+1*&=$%-1&:

6!.+$!$3%N'#!#)(.!G3($K?$[X%2$#&/#4,<3+$;6&3N$5!04=4$;6!#!:

#+;!.-1!2$*&$'+1*&=+$'#-64,<3-$;6&3<$#+3@$5!04=M.A$c5(-6%!:

*-$.&6#!G3($%&;&5(N#+.&*-$'<$.$5!04)-$ iliSZ A$c&$;!%+:

3,!*!.&*(-$'()*(/&$/6!/!.-1!$!0;!.(&0&$5!04=$8nc`8nOcA

Q$;6!,-/3(-$*(-$.+/!6%+'#&*!$0!'#N;*-,$.$4/=&0%(-$S;&6:

#&*$;&5(N3(A$7!$;6%-3@!.+.&*(&$.+*(/M.$;!5(&6M.$.$5!:

04)-$ iliSZ $4#.!6%!*!$#&")(3N$>?:"(#!.+3@$.&6#!G3($#+;4$

93#F0(7/$FG!$3('A$7!$/&F0-1!$-)-5-*#4$#-,$#&")(3+$%&;('+.&*+$

,-'#$!G5(!"(#!.+$.+*(/$;!5(&64$C!'(-5$5=!0'%+3@$"(#M.E$!6&%$

/!0$'/!/4$5(N0%+$;!5(&6&5($C0.&$'#&6'%-$"(#+EA$Z&")(3&$;!:

'(&0&$0.&$*(-%&)-F*-$;!6#+\$0!$%&;('4$($!03%+#4A$c&;('$0&*+3@$

'+*3@6!*(%!.&*+$,-'#$%$;6&3<$5!04=4$8nc`8nOc2$&$!03%+#$

%$)(3%*(/(-5$'+*3@6!*(%&3,($;!%(!5-,2$3!$45!F)(.(&$,-0*!3%-:

'*-$.+G.(-#)&*(-$3&=-,$%&.&6#!G3($#&")(3+A$[!04=$8nc`8nOc$

/!*#6!)4,-$;!%+3,N$'()*(/&2$%)(3%&,<3$)(3%"N$/6!/M.$.+/!*&:

*+3@$;6%-%$'()*(/$.$3%&'(-$.+/!*+.&*(&$'-6(($;!5(&6M.$($6-:

&)(%4,-$;!.6M#$4/=&04$0!$;!%+3,($;!3%<#/!.-,$;!$%&/!b3%-*(4$

;!5(&6M.A$[!04=$#-*$45!F)(.(&$%&0&.&*(-$)(3%"+$/6!/M.$'():

*(/&$;!5(N0%+$/!)-,*+5($;!5(&6&5(A

Q+G.(-#)&*(-$.+*(/M.$;!5(&6M.$*&$5!*(#!6%-$.$;!'#&3($

.+/6-'4$;4*/#!.-1!$6-&)(%4,<$5!04=+$SoTOX n$!6&%$Li:

Tnm BA$Q$;(-6.'%+5$%$*(3@$.+/!6%+'#&*!$P6&15-*#+$/!04$

%&3%-6;*(N#-$%$;6!16&54$0-5!*'#6&3+,*-1!$0!=<3%!*-1!$0!$

%-'#&.4$4643@!5(-*(!.-1!2$0!'#!'!.4,<3$#-*$/!0$0!$;!#6%-"$

#-1!$;6!,-/#4A$l-0*<$%$.&F*(-,'%+3@$%5(&*$.;6!.&0%!*+3@$

.$#+5$5!04)-$,-'#$0.4/6!#*-$%.(N/'%-*(-$3%N'#!#)(.!G3($,-1!$

;6&3+A$7641($5!04=2$LiTnm B2$!0;!.(-0%(&)*+$,-'#$%&$;6-:

%-*#&3,N$%&.&6#!G3($#&")(3+$.+*(/M.$.$5!04)-$ iliSZ $!6&%$

!;3,($5-*4$'#-6!.*(/&$.$;!'#&3($.+/6-'4$*&$-/6&*(-$5!*(#!:

6&A$86&3&$#-1!$5!04=4$!;&6#&$,-'#$!$'#&*+$)(3%*(/M.$'+*3@6!*(:

%&3,($;(!*!.-,$($;!%(!5-,$5!04=4$SoTOX nA

[!04=$#6&*'5(',($0&*+3@$S8h`hh$!0;!.(&0&$%&$/!54*(/&3,N$

;!5(N0%+$4/=&0-5$&$;6%-#.!6*(/(-5$&*&)!1!.!:3+P6!.+5A$

Z6&*'5(',&$!0"+.&$'(N$5&1('#6&)<$'%-6-1!.<$S8hA$c-$.%1)N:

04$*&$6!%0%(-)3%!GH$5!*(#!6&2$%$0.4*&'#4$"(#M.$;6%-'=&*+3@$

Rys. 1.  Schemat budowy monochromatora

Rys. 2. Schemat sterownika monochromatora
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0!$4/=&04$%$;6%-#.!6*(/&2$#+)/!$!'(-5$*&,'#&6'%+3@$;6%-'+=&:

*+3@$,-'#$0!$5!04=4$ iliSZ A$7&*-$!03%+#+.&*-$%$;6%-#.!6:

*(/&$'<$,-0*!3%-G*(-$.+'+=&*-$0!$;!6#4$.+,G3(!.-1!$4/=&042$

3!$45!F)(.(&$(3@$&63@(.(%&3,N$.$;-=*-,$6!%0%(-)3%!G3($.$;&:

5(N3($%-.*N#6%*-,A

n'#&#*($%$5!04=M.2$SZi nQThd`j2$;6%-/'%#&=3&$,-0*!"(:

#!.+$'+1*&=$#&/#4,<3+$;6&3N$'()*(/&$/6!/!.-1!$!6&%$,-0*!"(#!:

.+$'+1*&=$4'#&)&,<3+$/(-64*-/$*&$3%#-6!"(#!.+$'+1*&=$'#-64,<:

3+$;6&3<$'()*(/&$/6!/!.-1!2$%1!0*(-$%$%&0&*+5$&)1!6+#5-5A

8!$.+/!*&*(4$'+*#-%+$4/=&04$'#-6!.*(/$45!F)(.(&$.+/!:

*+.&*(-$;!5(&6M.2$;6%-'+=&*(-$.+*(/M.$5&1('#6&)<$'%-6-1!:

.<$0!$")!/4$6-,-'#6M.2$.(%4&)(%&3,N$.+*(/M.$.$;!'#&3($.+:

/6-'4$;4*/#!.-1!$*&$5!*(#!6%-$fLB$!6&%$.+'=&*(-$.+*(/M.$

5&1('#6&)<$'%-6-1!.<$S8h$0!$46%<0%-b$%-.*N#6%*+3@A

Podsumowanie

86!16&5!.&)*-$4/=&0+$)!1(3%*-$%*&,04,<$3!6&%$'%-6'%-$%&'#!:

'!.&*(-A$c$;!.!0%-*(-5$';6&.0%&,<$'(N$.$3+P6!.-,$!"6M"3-$

'+1*&=M.2$.$%&'#!'!.&*(&3@$5()(#&6*+3@2$#-)-/!54*(/&3,($(#;A$

_JaA$[!1<$"+H$#-F$.+/!6%+'#+.&*-$0!$6-&)(%&3,($.+';-3,&)(:

%!.&*+3@$4/=&0M.$'#-6!.&*(&2$#&/$,&/$.$#-,$;6&3+2$%&'#N;4:

,<3$5(/6!;6!3-'!6+A$T&,.(N/'%<$%&)-#<$4/=&0M.$#-1!$#+;4$,-'#$

5!F)(.!GH$0!.!)*-1!$/!*U$146!.&*(&$'#64/#46+$($0!/!*+.&:

*(&$%5(&*$.$1!#!.+5$;6!,-/3(-A$ M.*(-$3%N'#!$4/=&0+$;6!:

16&5!.&)*-$.+/!6%+'#+.&*-$'<$;6%-%$;6!043-*#M.$4/=&0M.$

'3&)!*+3@$0!$;6!,-/#!.&*(&$($.-6+U$/&3,($;!;6&.*!G3($0%(&:

=&*(&$*!.+3@$;6!,-/#M.$_D2$^aA

86%-0'#&.(!*+$.$;6&3+$'#-6!.*(/$5!*!3@6!5&#!6&2$6-:

&)(%4,<3+$'%-6-1$3%+**!G3($%.(<%&*+3@$%-$'#-6!.&*(-5$;6&:

3<$5!*!3@6!5&#!6&2$.+/!6%+'#4,-$RR$p$%&'!"M.$)!1(3%*+3@$

4/=&04$jODS>??i2$/#M6+$,-'#$*&,5*(-,'%+5$4/=&0-5$%$6!0%(:

*+$S;&6#&*$DiA$T&)-F+$%&4.&F+H2$F-$.+/!6%+'#&*(-$0!$6-&)(:

%&3,($'#-6!.*(/&$;6&.(-$3&=+3@$%&'!"M.$#-1!$4/=&04$*(-$!%*&:

3%&$!'(<1*(N3(&$16&*(3$,-1!$5!F)(.!G3(A$Q$;6%+;&0/4$5!0+:

U$/&3,($4/=&04$%*&3%*&$3%NGH$%&'!"M.$5!F-$%!'#&H$%.!)*(!:

*&2$,-F-)($0!$%&;('4$.+*(/M.$;!5(&6M.$%!'#&*<$.+/!6%+'#&*-$
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