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1 Motivation 

231!'(.41!51064/7!8-#4(!9$1!)4:$4%7!(-;8!4$(4<!=414$;8!)4.';87!$(!&4<!<$7!>(?01<-7$+
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74$%4! .$(&!8$41J! .7K(&$)4!I41?3)#-1/4$7!3#41!&-.! >(741(47!'(&!<0#$%4!L41K74B!,41<$(4!

941&4(! -'?! -%%4(! 5%-77?01<4(! .M(;810(! )48-%74(! '(&! A1$((41'().?'(/7$0(4(! 84%?4(!

G01!&4<!I41)4..4(@!!

"%%41&$().!8-#4(!&$4.4!H-%4(&41! -';8! 4$($)4!N-;874$%4B! A$(71K)4! .$(&!0?7! .;8941!

%4.#-1B! 4$(! O3;/#%$;/! 0&41! 4$(4! I01.;8-'! -'?! &$4! :'/3(?7$)4(! A14$)($..4! $.7! 0?7! '<+

.7K(&%$;8! :'! 4114$;84(! '(&! 74;8($.;84! A$(.7$4).#-11$414(! G418$(&41(! &$4! PQ-%/+#MR!

N'7:'()@!S-841! G4171-'4(! G$4%4!C4(.;84(! (0;8! -'?! -(-%0)4! TF.'()4(@!S$4!I0174$%4!

&$4.41!.$(&!<4$.7!&$4!N-;874$%4(!&41!4%4/710($.;84(!H-%4(&41!'(&!G$;4!G41.-@!!

>&4-%!9K14!&-841!4$(!H-%4(&41B!&41!&$4!E0.$7$G4(!A$)4(.;8-?74(!G0(!#4$&4(!H-%4(+

&417ME4(!$(!.$;8!G414$(7@!S-841!8-774(!9$1!'(.!4(7.;8%0..4(B!4$(4(!510707ME4(!:'!4(7+

941?4(B!<$7!&4<!9$1!4$(4(!(4'4(!"(.-7:!E10#$414(B!&41!.$;8!:9$.;84(!&4(!Q4%74(!#4+

94)4(!.0%%@!

2 Projektablauf 

2.1 Brainstorming 

"'.)484(&! G0(! &4<! 41/-((74(! =4&31?($.! .7-17474(! 9$1! &14$! =1-$(.701<$()+O'(&4(!

'<!:'!41?-..4(!94%;84!C41/<-%4!'(.41!510707ME!8-#4(!.0%%74@!U$41#4$!4(7.7-(&4(!&$4!

41.74(!>&44(!'(&!&$4!C-1.;81$;87'()!?31!'(.41!51064/7!9'1&4!?4.7)4%4)7@!

>(!&14$!O'(&4(!.-<<4%74(!9$1!:'!V$4%4(B!C4780&4(!'(&!A$(.;81K(/'()4(!647:$)41!

TF.'()4(!&41!E41.F(%$;84(!"'?)-#4(E%-('()!>&44(@!S$4!A1)4#($..4!.$(&!$(!,-#4%%4!*!

&-1)4.74%%7@!
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QK814(&!&41! 41.74(!O'(&4!8-774! .$;8! )4:4$)7! &$4!L13(&4! Y8$41!V$4%4[! &41!"'?)-#4(+

E%-('()! .$(&J! \#41#%$;/! #48-%74(B! 5%-('()! 41<F)%$;84(B! A1$((41'()! :'! A14$)($..4(!

#4/0<<4(!'(&!&-.!-%%4.!#4$!.7K(&$)41!I41?3)#-1/4$7@!!

S$4!)13(4(!24%&41!.$(&!&$4!#4.74(!C41/<-%4!$(!&4(!G$41!6494$%$)4(!H-74)01$4(@!

A.! $.7! 0??4(.$;87%$;8B! &-..! ($;87! -%%4!C41/<-%4! )%4$;8:4$7$)! 41?3%%7!941&4(! /F((4(@! A.!

9'1&4(!&-841!&14$!>&44(!G0(!'(.!4(79$;/4%7B!&$4!'(741.;8$4&%$;84!"(?01&41'()4(!41+

?3%%4(@!S-.!.$(&J!4$(!A%4/710($.;841!Q-(&/-%4(&41B!4$(4!`%4G414!50.7!>7Z.!,$<4%$(4!'(&!

4$(!<$7!"'?)-#4(+941?4(&41+O0#0741!Y.$484!"##$%&'()!a[@!U$(741!&4(!>&44(!.7484(!$<!

Q4.4(7%$;84(! C0&$?$/-7$0(4(! &41! #$.841$)4(! C4780&4(@! S41! Q-(&/-%4(&41! #%$4#! $(!

.4$(41!L1'(&?01<!418-%74(!'(&!9'1&4!&'1;8!A%4/710($/!4194$7417!'(&!/0((74! .0!:'+

.K7:%$;84(!N'7:4(!#4/0<<4(B!&41!4%4/710($.;84(!TF.'()4(!G01#48-%74(!!
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!

9-1@!=4$!&4<!O0#0741!%-)!&41!20/'.!-'?!&41!A1$((41'().?'(/7$0(@!"%.!I01#$%&!8-774!41!

&4(!^4/147K1B!&41!.481!)'7!-'?!-/7'4%%4!^$7'-7$0(4(!'(&!c<.7K(&4!4$()484(!'(&!-';8!

N07?-%%.! <$7! N-;8&1';/! -'?! Q$;87$)4.! 8$(94$.4(! /-((@! S41! O0#0741! 8K774! -';8! &$4!

2K8$)/4$7!#4/0<<4(!.0%%4(!-'?!.0:$-%4(!A#4(4!:'!/0<<'($:$414(@!

!

2.2 Idee 

231! '(.414(! 510707ME4(! 4(7.;8$4&4(!9$1! '(.! &-?31! &$4! >&44(! *! '(&! a! :'.-<<4(:'+

#1$()4(!'(&!94$741:'?3814(@!S$4!>&44!.737:7!.$;8!-'?!&14$!^;8%3..4%4$)4(.;8-?74(J!

¥ \#41.$;87%$;8/4$7!
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S41!"(.-7:!9-1B! ?14$4(!5%-7:! ?31!)'7!8-(&8-##-14! >(?01<-7$0(.4$(84$74(!:'!.;8-??4(@!

>(?01<-7$0(! Y8$41! "'?)-#4([!941&4(! $<! O-'<! )14$?#-1! '(&! /F((4(! ?14$! -()401&(47!

941&4(@!S$4!A%4/710($/!41<F)%$;87!&-.!A1/4((4(!&41!>(?01<-7$0(.4$(84$74(!'(&!/-((!

&$4!>(?01<-7$0(!&$)$7-%!94$741)4#4(@!

2.3 Konzept 

S$4.41!0#4(!)4(-((74!O-'<B!.E-((74!.$;8!#4$!'(.!3#41!&$4!.$4#4(!^E-%74(!<$7! 6494$%.!

G$41!O4$84(! ?31!G$41!"'?)-#4(B!&$4!-(!&$4.4<!,-)!41%4&$)7!941&4(! .0%%4(@!\#41! 64&41!

,-)4..E-%74! .$(&! &14$! TAS.! -()4#1-;87B! &$4! &4(!"'?9-(&! -(! &$4.4<! ,-)! (-;8! &4<!

"<E4%.M.74<!-(:4$)4(@!!

A$(4!,-./!9$1&!&'1;8!4$(4(!8-(&%$;84(!H0(7-/7.;8-%741!14-%$.$417B!&41!64!(-;8!^74%+

%'()!-'?!4$(4<!&41!24%&41!G41.;8$4&4(4!H0(7-/74!G41#$(&47!'(&!.0!9$4!4$(!S148.;8-%+

741! :'1! A$()-#4! #4('7:7!941&4(! /-((@!S$4.4! ,-./+A%4<4(74! 8-#4(! G41.;8$4&4(4!S4+

;/4%?-1#4(!Y107B!)4%#!'(&!)13([B!&$4!<-(!?31!.4$(4!E41.F(%$;84!X1)-($.-7$0(!G4194(&4(!

/-((B!:@=@!51$01$7K74(!Y107d80;8B!)4%#d<$774%B@@@[@!"'?!&$4!S4;/4%!/F((4(!:'.K7:%$;8!N0+

7$:4(!)4.;81$4#4(!941&4(@!

Q4((!4$(4!(4'4!"'?)-#4!8$(:'!/0<<7B!($<<7!<-(!4$(!,-./+A%4<4(7!'(&!#1$()7!

4.!-(!&4<!V4$7E'(/7!-(B!9-((!<-(!4.!41%4&$)!8-#4(!9$%%@!S-.!=0-1&!14-)$417!<$7!#%$(+

/4(!&41!TAS.@!S$4!^714..-(:4$)4!-/7'-%$.$417!.$;8@!><<41!94((!4$(!H0(7-/7!841)4.74%%7!

0&41!)4%F.;87!9$1&!E$4E.7!&41!='::41!/'1:B!'<!&4<!N'7:41!244&#-;/!3#41!&$4!I41K(+

&41'()!0&41!<F)%$;84(!Q-;/4%/0(7-/7!:'!)4#4(B!64!(-;8!H(0E?!%4';8747!&$4!$((4(!%$4+

)4(&4!TAS@!S-<$7!/-((!&41!N'7:41!.4$(4!A$()-#4!(-;8G0%%:$484(@!

S-.!S$.E%-M! Ye_e!TAS!C-71$_[! :4$)7! 4$(4(!=-%/4(!-(@!U$41! %K..7! .$;8!&41!"1#4$7.+

-'?9-(&! -(:4$)4(@! S4(! H(0E?! $<! c81:4$)41.$((! )4&1487B! 418F87! &$4! "(:-8%B! )4)4(!

&4(!c81:4$)41.$((B!G411$()417!&$4!"(:-8%!&41!=-%/4(@!Q4((!&$4!UF;8.7:-8%!4114$;87!$.7!

#%$(/7!&-.!S$.E%-M@!=4$<!"(:4$)4(!&4.!%47:74(!=-%/4(.!'(&!S1484(!&4.!^;8-%741.!)4)4(!

&4(!c81:4$)41.$((!41.;84$(7!4$(!fgf!-'?!&4<!S$.E%-M@!^0!9$1&!-()4:4$)7B!&-..!&41!A$(+

71-)! )4%F.;87! 9'1&4! '(&! &41! ,-()$#%4! /-((! &-1-'?8$(! G0<! =0-1&! 4(7?41(7! 941&4(. 

S41!,-./!<'..!($;87!64&4.!C-%!P-'.)4&1487R!941&4(!'<!$8(!4(7?41(4(!:'!/F((4(B!&-.!

=0-1&!3#41E13?7!14)4%<KD$)!-%%4!H0(7-/74!'(&!%F.;87!&$4!A$(71K)4!G0(!($;87!<481!G01+

8-(&4(4(!,-./.@!
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c<!&$4!-/7'4%%4!A$(.74%%'()!4$(4.!,-./.!-(:':4$)4(B!'(741#1$;87!<-(!&4(!H0(7-/7!

4$(4.! H(0E?.! /'1:B! :@=@! <$7! %4$;874<! -(7$EE4(! &4.! ,-()$#%4.B! '(&! &41! )4.E4$;84174!

Q417! 9$1&! -()4:4$)7@! Q4((! &41! H(0E?! )4&1487! 9$1&B! 9$1&! &41! Q417! &$14/7! 41+

8F87W)4.4(/7@!

S$4! >(?01<-7$0(B! &$4! &-.! =0-1&! 41/4((4(! /-((B! /F((74! ?31!94$7414!I4194(&'()!!

-(!-(&414!^74%%4(!)4.;8$;/7!941&4(@!S-<$7! %-..4(!.$;8!L41K74!.M(;810($.$414(B!-(!-(+

&414(!^74%%4(!-'.%4.4(!'(&!.;8-??4(!&-<$7!&4(!^E1'()!$(!&$4!&$)$7-%4!Q4%7@!^0!9$1&!&-.!

=0-1&! ^;8($77.74%%4! :9$.;84(! 4$(41! 8-E7$.;84(! 5%-('()! -<! ^;814$#7$.;8! '(&! 4$(4<!

)1FD414(!&$)$7-%4(!C-(-)4<4(7E10:4..@!T4$&41!/-<4(!9$1!($;87!<481!:'!&$4.41!2'(/+

7$0(!#4$!&41!c<.47:'()@!"#41!&-.!0#4(!#4.;81$4#4(4!H0(:4E7!%K..7!.$;8!$(!&$4.4!O$;8+

7'()!4194$741(!'(&!$.7!-';8!&-8$()484(&!)4&-;87@!

2.4 Planung 

231!&$4!c<.47:'()!#1-';874(!9$1!?0%)4(&4!H0<E0(4(74(B!&$4!9$1!$(!K8(%$;841!O4$84(+

?0%)4!Y74$%94$.4!E-1-%%4%[!)4#-'7!8-#4(J!

¥ =0-1&!<$7!eh!^;8-%741(!Y*a!_!i[!

¥ TAS+T4$.74!<$7!a*!TAS.!Y&14$!E10!,-)[!

¥ a!^8$17!O4)$.741!=%0;/.!

¥ ,-()$#%4.!Y,-./!A%4<4(74[!

¥ e_e!TAS!C-71$_!'(&!5$4:0+='::41!

S-(4#4(!<'..74!`0&4!:'1!^74'41'()!&41!A%4<4(74!)4.;81$4#4(!941&4(@!!!

2.5 Hardware 

2.5.1 Board 

231! &-.! =0-1&!9'1&4! 4$(4! 4$(?-;84! 514...E-(E%-774! -%.! L1'(&E%-774! G4194(&47@! S$4!

H0(7-/7.74%%4(!-'?!&4(!24%&41(!#4.7484(!-'.! 64!&14$!O4$D:94;/4(!'(&!4$(41!c(741%4)+

.;84$#4!$(!&41!C$774B!.0&-..!64!4$(4!O4$D:94;/4!'(&!&$4!c(741%4).;84$#4!4$(4(!0??4(4(!

^;8-%741! 41)4#4(!'(&!<$7!&4(!,-()$#%4.!)4.;8%0..4(!941&4(@!S$4!c(741%4).;84$#4! $.7!

&41!U-%74E'(/7!?31!&4(!C-)(474(@!

]4&4!O4$D:94;/4!9'1&4!-'?!&41!O3;/.4$74!G41/-#4%7B!'<!&$4.4!<$7!^710<!:'!G41+

.01)4(!0&41!'<!^710<!:'!<4..4(@! >(.)4.-<7!4(78K%7!&41!Q0;84(E%-(41!**a!H0(7-/7+

.74%%4(!<$7!eh!^;8-%741(@!!
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/-((@!S$4!^;8-%741!.$(&!(-;8!&4<!51$(:$E!4$(41!H4M#0-1&<-71$_!)4.;8-%74(@!S$4!O4$84(!

*!#$.!*a!941&4(!&'1;8!&-.!PH4M^8$?714)$.741R!YH4M!G0(!H4M#0-1&[!-()4.74'417B!&-.!$<!

,-/7!4$(:4%(4!O4$84(!.;8(4%%!8$(7414$(-(&41!-/7$G$417@!S$4!^E-%74(!"!#$.!L!!.$(&!<$7!&4(!

5$(.! Y5$(!"k!#$.!"l!'(&!5$(! h[! &4.!"1&'$(0.! G41#'(&4(B! -(!&4(4(! ^710<!)4<4..4(!

9$1&B!?-%%.!:9$.;84(!&4(!O4$84(!*+*a!'(&!&4(!C4..E'(/74(!"!m!L!H0(7-/7!#4.7487@!S-!

9$1!:'!64&4<!V4$7E'(/7!9$..4(!$(!94%;841!O4$84!^710<!?%$4D7!'(&!-(!64&41!^E-%74!^710<!

<4..4(B!/F((4(!9$1!&$4!)4.;8%0..4(4(!H0(7-/74!41/4((4(@!S41!I0174$%!&41!H4M#0-1&+

<-71$_! $.7B! &-..! <$7! &$4.41! ^;8-%7'()! 94($)41! A$(+! '(&! "'.)-().%4$7'()4(! #4(F7$)7!

9'1&4(@!!

A.!$.7!('1!:'!G41<4$&4(B!&-..!^710<!)4)4(!&$4!)4&-;874!O$;87'()!?%$4D7B!94((!:@=@!

H0(7-/74!$<!14;874(!Q$(/4%!)4.;8%0..4(!941&4(@!N48<4(!9$1!-(!4.!)$#7!H0(7-/74!-'?!

&4(!50.$7$0(4(!"*B!"h!'(&!-'?!=h@!Q4((!('(!V4$%4!*!-/7$GB! $.7!/-((!-'?!"!^710<!)4+

<4..4(!941&4(B!9$4!:'!419-174(!9-1B!-#41!3#41!&$4!I41#$(&'()!"h!/-((!-';8!^710<!

$(!T4$7'()!h!YPO3;/9K17.!&'1;8!&4(!H0(7-/7R[!?%$4D4(!'(&!-';8!$(!=!^710<!)4<4..4(!

941&4(@!S-.!/-((!<$7!U$%?4!G0(!S$0&4(!$(!&41!T4$7'()!G418$(&417!941&4(@!Q$1!8-#4(!

9$4!0#4(!419K8(7!T4';87&$0&4(!$(!&$4!^;8-%741!G41#-'7B!&$4!&-<$7!4$(4(!:94$74(!N'7+

:4(!#4/0<<4(@!!
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c<! &$4!C4..'()! :'! G41#4..41(B!9'1&4! &$4! T4$7'()! :9$.;84(! &4(!C4..E'(/74(!

'(&!&4(!"1&'$(0!5$(.!<$7!/%4$(4(!Q$&41.7K(&4(!Y9$1!G4194(&474(!hik!![!)441&47@!><!

`0&4!.74'417!&$4.4!2'(/7$0(!&$4!C4780&4!^;-(H4M#0-1&@!!

V'1! "(:4$)4! &4.! ^714..%4G4%.! 9'1&4(! 3#41! 64&41! ^E-%74! &14$! TAS.! -()4#1-;87!

Y)13(B!)4%#B!107[@!A$(4!e_e!TAS!C-71$_!/-((!,4_7!-(:4$)4(!'(&B!#4$!'(.B!&-.!"1#4$7.G0+

%'<4(@!S41!5$4:0+='::41!)$#7!#4$!H0(7-/7!244&#-;/@!

!

"##$%&'()!h!+!L4.-<7%-M0'7!

!

"##$%&'()!h!)$#7!4$(4(!\#41#%$;/!3#41!&$4!L4.-<7.;8-%7'()B!90#4$!&$4!T4$7'()4(!:'<!

=0-1&!('1!&'1;8!&$4!V$??41(!'(&!&$4!=';8.7-#4(!-()4&4'747!941&4(@!A#4(.0!&$4!#4$+

&4(!S-74(%4$7'()4(!&41!TAS!C-71$_@!A$(4!)1FD414!S-1.74%%'()!&4..4%#4(!=$%&4.! $.7! $(!

"(8-()!*!:'!.484(@!
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2.5.2 Shift-Register 

><!51$(:$E!/F((74!<-(!-%%4!-'.)484(&4(!T4$7'()4(!&$14/7!-(!&4(!"1&'$(0!-(.;8%$4D4(!

B! &-:'! #1K';874(!9$1! -#41! 64&4!C4()4!5$(.! -<!"1&'$(0B! &-! 8$41! ('1! 4$(4! #4)14(:74!

"(:-8%! :'1!I41?3)'()! .7487B! 8-#4(!9$1! ^8$?7+O4)$.741! Y,ME! ihU`lnl[! G4194(&47B! .0!

/-((!<-(!<$7! &14$! 5$(.! -<!"1&'$(0! -;87! "'.)K()4! 3#41! &-.! ^8$?7+O4)$.741! 4$(:4%(!

-(.74'41(@!^8$?7+O4)$.741!/F((4(!-';8!8$(7414$(-(&41!)4.;8-%747!941&4(B!&-<$7!%-..4(!

.$;8!#4%$4#$)!G$4%4!T4$7'()4(!.74'41(@!231!&$4!^74'41'()!&41!TAS.!9'1&4!4$(!=%0;/!<$7!

&14$!`8$E.!41.74%%7B!&41!64&4!TAS!-(.E14;84(!/-((@!231!&$4!H0(7-/74!9'1&4!4$(!=0-1&!

<$7!:94$!`8$E.!)4#-'7!'<!&$4!*a!"'.)K()4!:'!.;8-??4(!Y.$484!"##$%&'()!h[@!

A$(!N-;874$%!$.7!&$4!248%41-(?K%%$)/4$7!&41!`8$E.@!Q$1!8-774(!510#%4<4!#4$!&41!^74'+

41'()! &41! TAS.@! Q4((! #4.7$<<74! T4$7'()4(! -/7$G! .$(&! YTAS! -([B! ?%-;/41(! -(&414B!

($;87! -()4.74'4174! <$7@! S-13#41! 8$(-'.! 9-14(! #4$<! =-'! &41! ^;8-%7'()4(! <$7! ^8$?7+

O4)$.741(!248%41!($;87!$<<41!%4$;87!:'!?$(&4(@!

!

2.5.3 Tangibles 

S$4!H0(7-/7.;8-%741!9'1&4(! -'.! 2%-.;84(&4;/4%(!'(&! m8K%.4(! )4#-.74%7@!C-)(474! -(!

&41!c(741.4$74!8-%74(!&$4!H(FE?4!-(!&4<!=0-1&@!A$($)4!&41!H0(7-/7.;8-%741!4(78-%74(!

TAS.B!.0&-..!&-.!"'?%4';874(!&41!TAS!&4(!41?0%)14$;84(!H0(7-/7!-(:4$)7@!

"'D41&4<! $.7! 4$(!Q4;8.4%! &41!S4;/4%! &'1;8! &4(! ^;81-'#G41.;8%'..!<F)%$;8@! ^0!

/F((4(!&$4!S4;/4%!08(4!H%4#4:4774%!&'1;8!94%;84!<$7!41.47:7!941&4(@!!

S$4! I41#$(&'()4(! :9$.;84(! &4(! ,-()$#%4.! '(&! &4(! H0(7-/74(! .$(&!<4$.7! 14;87!

9-;/4%$)@!S-841!8-#4(!9$1!G41.;8$4&4(4!H0(7-/7/0(:4E74!-'.E10#$417B!'<!4$(4(!<F)+

%$;8.7!.$;8414(!H0(7-/7!:'!)49K81%4$.74(B!&41!.$;8!#4$!S148#494)'()4(!($;87! %F.7@!A.!

8-7!.$;8!)4:4$)7B!&$4!#4.74!I41#$(&'()!)$#7!4$(!H(0E?!<$7!4$(4<!<$774%.7-1/4(!C-)(4+

74(B!4$(41!?%-;84(!c(741.4$74!'(&!08(4!TAS@!!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!! !

"##$%&'()!l!+!,-./!,-()$#%4!

!

2.6 Software & Logik 

S41!`0&4!14)4%7!&$4!2'(/7$0(4(!^;8-%7'()!&41!,4$%4!'(&!$(741E147$417!&$4!A$()-#4(@!>(!

&41!T00E+2'(/7$0(!941&4(!?0%)4(&4!^;81$774!&'1;8%-'?4(J!

¥ ^;-(!H4M#0-1&!Y9$4!0#4(!#4.;81$4#4([!

¥ ^714..-(:4$)4!Y&$.E%-M^714..[!

¥ 3#41E13?4!I41K(&41'()!&41!24%&41!Y;84;/^7-7'.`8-()4[!

¥ $(741E147$414!I41K(&41'()4(!-'?!&4<!=0-1&!Y;84;/N49,-./[!

¥ 24%&41! 08(4!H0(7-/7! '(&! 08(4! =494)'()!941&4(!O4)4%<KD$)! :'13;/)4+

.47:7!Y$."%$G4[!

S$4!^;-(H4M#0-1&+C4780&4! .74'417!'(&!3#41E13?7!&$4!^;8-%741!'(&!.E4$;8417!&-.!A1+

)4#($.!$(!4$(4<!S-74(?4%&@!"'?!L1'(&%-)4!&$4.41!S-74(!9$1&!&41!^714..%4G4%!-()4:4$)7B!

&$4! S-74(! 941&4(! $(741E147$417! '(&! &4(! ^E-%74(! :')401&(47@! S41! ^7-7'.! &4.! 24%&4.!

9$1&!G01!64&41!o(&41'()!)4.E4$;8417B!.0&-..!<$7!&4<!-/7'4%%4(!'(&!&4<!%47:74(!^7-(&!

64&41! (4'4!H0(7-/7! -%.! =494)'()! 0&41! -%.! (4'41! ,-./! $(741E147$417!941&4(! /-((@! ^0!

/-((!<-(!&$4!S148#494)'()4(!-%.!A$()-#4!-'.%4.4(@!S-.!2%'..&$-)1-<<!Y"##$%&'()!

p[!:4$)7!&4(!"#%-'?@!
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!

"##$%&'()!p!+!510)1-<<.71'/7'1!

3 Probleme bei der Umsetzung 

"'?)1'(&!&41!**a!H0(7-/74!&$4!-()4.;8%0..4(!941&4(!<'..74(!'(&!&41!^8$?7+O4)$.741!

8-774(! 9$1! 4$(4! %-()4! =-':4$7@! =4G01! &$4! H0(7-/74! ($;87! )4#-'7! 9-14(! /0((74! /4$(!

`0&4!)474.747!941&4(@!A.!)4%-()!'(.!&$4!U-1&9-14B!?48%41?14$!:'!#-'4(B! 64&0;8!?48%74!

&$4!V4$7B!'<!<481!2'(/7$0(4(!:'!$<E%4<4(7$414(@!

A$(4!94$7414!^;89-;8.74%%4!&4.!51064/7.!.$(&!&$4!,-()$#%4.B!?31!&$4!9$1!(0;8!/4$(4!

$&4-%4!TF.'()!?$(&4(!/0((74(@!

S-! '(.41! =0-1&! .481! .EK7! ?417$)! )4901&4(! $.7B! .$(&! &$4! $<E%4<4(7$4174(! 2'(/7$0(4(!

4841!/%4$(!-'.)4?-%%4(@!!

S-.!"'.#-'4(!G0(!94$7414(!2'(/7$0(4(!9K14!#4$!<481!V4$7!)'7!'<.47:#-1!)494.4(@!
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4 Aufgabenverteilung 

Q0%?)-()!L10D!

¥ >&44!

¥ H0(:4E7!

¥ 4%4/710($.;84!5%-('()!&41!c<.47:'()!

¥ E1-/7$.;84!c<.47:'()!

¥ TAS.!)4%F747!

¥ e_e+C-71$_!)4%F747!'(&!$(!&-.!=0-1&!$(74)1$417!

¥ ^74;/E%-7$(4!<$7!^8$?7+O4)$.741!?31!TAS.!

¥ 510)1-<<$41'()!

¥ S0/'!

¥ =$%&+!'(&!I$&40<-741$-%!

!

U-((-!Q481<-((!

¥ H0(:4E7!

¥ 4%4/710($.;84!5%-('()!&41!c<.47:'()!

¥ E1-/7$.;84!c<.47:'()!

¥ ^;8-%741!-<!=0-1&!$(74)1$417!

¥ 5%-7$(4!<$7!^8$?7+O4)$.741!?31!^;8-%741!-'?!&-.!=0-1&!)4%F747!'(&!-()4.;8%0..4(!

¥ 510)1-<<$41'()!

¥ S0/'!

¥ ^;8-%7E%K(4!<$7!21$7:$()!14-%$.$417!

! !
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Anhang 1  | Gesamtlayout

!!

! !
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Anhang 2  | Schaltplan 

! !
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Anhang 3  | Board Layout


