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)%22D!!-.(!2#9$%&!#2!M#&,(+(3!%$3!%H)&#M#(3V!%$3!
,.($!2($,!,*!,.(!H#6+*)+*6(22*+!E.(+(!#,2!
M+(W7($6>!6%$!=(!#3($,#M#(3!72#$9!6+(2,!



)!
!

3(,(6,#*$D!!8M!,.(!M+(W7($6#(2!+*79.&>!H%,6.V!,.($!,.(!+*=*,!E#&&!H*5(!,*!,.(!2#3(!%$3!%&&*E!
,.(!,%+9(,!,*!)%22D!!!

-.(!%H)&#M#6%,#*$!*M!,.(!H#6+*).*$(!*7,)7,!#2!3*$(!72#$9!,.(!)+(%H)&#M#(+!6#+67#,!2.*E$!#$!
"#97+(!Q!*M!,.(!0))($3#6(2D!!-.(!)+(%H)&#M#(+!E%2!3(2#9$(3!,*!.%5(!%!9%#$!*M!%=*7,!AR3NV!*+!
QRRRKCKD!!-*!*=,%#$!,.#2!5%&7(V!%!M(E!2#H)&(!6%&67&%,#*$2!.%3!,*!=(!H%3(D!!:*2,!
H#6+*).*$(2!)+*376(!%$!*7,)7,!*M!QK!M*+!(5(+>!L%26%&!3(,(6,(3D!!S*$5(+2%,#*$%&!2)((6.!%,!
*$(!H(,(+!%E%>!)+*376(2!%!2*7$3!)+(227+(!*M!RDRTL%D!![*E(5(+V!,.(!+*=*,!2.*7&3!=(!%=&(!
,*!3(,(6,!,.#2!&(5(&!*M!$*#2(!M+*H!%=*7,!I!H(,(+2!%E%>V!%$3!=(6%72(!,.(!)+(227+(!*M!2*7$3!#2!
#$5(+2(&>!+(&%,(3!,*!,.(!2W7%+(!*M!,.(!3#2,%$6(!%E%>V!#$6+(%2#$9!,.(!3#2,%$6(!=>!%!M%6,*+!*M!I!
3(6+(%2(2!,.(!2*7$3!)+(227+(!=>!%!M%6,*+!*M!OD!!-.#2!H(%$2!,.%,!,.(!2*7$3!2.*7&3!*$&>!
)+*376(!RDRRT@@@L%!%,!I!H(,(+2!%E%>D!!-*!9(,!%!+(%3%=&(!M+(W7($6>V!,.(!6#+67#,!E%2!
3(2#9$(3!,*!9(,!%!TK!*7,)7,V!E.#6.!6*++(2)*$32!,*!TL%D!!-*!9(,!,*!TL%V!RDRRT@@@L%!.%3!,*!
=(!%H)&#M#(3!=>!%!M%6,*+!*M!bQbDQbKCKD!!QRRRKCKV!*+!AR3NV!E%2!6.*2($!,*!6*H)($2%,(!M*+!
H#26(&&%$(*72!&*22(2D!

-.(!6*3(!M*+!,.(!6+(2,!3(,(6,#*$!6%$!=(!M*7$3!#$!,.(!0))($3#6(2V!=7,!#,!(22($,#%&&>!2%H)&(2!
,.(!2#9$%&!%,!TARR!,#H(2!)(+!2(6*$3D!!0,!(5(+>!2%H)&(V!,.(!H#6+*)+*6(22*+!6.(612!E.(,.(+!
*+!$*,!,.(!2#9$%&!.%2!.#,!%!H%J#H7H!5%&7(D!8M!%!H%J#H7H!5%&7(!#2!3(,(6,(3V!,.($!,.(!
H#6+*)+*6(22*+!#$6+(H($,2!%!6*7$,(+!5%+#%=&(D!!0M,(+!TRR!2%H)&(2V!,.(!6*7$,(+!5%+#%=&(!#2!
H7&,#)&#(3!=>!QIV!%$3!,.(!+(27&,#$9!$7H=(+!#2!,.(!3(,(6,(3!M+(W7($6>D!

!

7'*"0&?"*<%&@5*:%0,&"*:&C48A&7%*,'0,&

-.(!2*$%+!+%$9(M#$3(+2!%$3!=7H)!2($2*+2!%+(!%33(3!*$,*!,.(!+*=*,!,*!)+*5#3(!M((3=%61!M*+!
*=2,%6&(!%5*#3%$6(D!!X.($!,.(!.(%,!2*7+6(!9(,2!6&*2(!($*79.!,*!,.(!+*=*,V!,.(!+*=*,!M&((2D!!
02!#,!3*(2V!#,!72(2!*=2,%6&(!%5*#3%$6(!,*!%5*#3!*=U(6,2!%$3!,.(!,%+9(,!YE.#6.!#2!+%)#3&>!
%))+*%6.#$9ZD!!-.(!:%J=*,#J!<K\:%J/*$%+\?fR2!E(+(!6.*2($!%2!,.(!2*$%+!+%$9(!M#$3(+2!
=(6%72(!*M!,.(#+!E#3(!=(%H!E#3,.V!E.#6.!%#32!#$!3(,(6,#$9!*=2,%6&(2D!!-*!#H)&(H($,!,.(HV!
,.(>!E(+(!9#5($!5*&,%9(!%$3!9+*7$3V!%$3!,.(!*7,)7,!M+*H!,.(!%$%&*9!)#$!E%2!#$)7,,(3!#$,*!
,.(!0;SD!!N(6%72(!,.(!+*=*,!3#3!$*,!2((H!,*!6+%2.!*M,($V!,.(!=7H)!2E#,6.(2V!E.#6.!E(+(!
#$#,#%&&>!#H)&(H($,(3V!E(+(!+(H*5(3!,*!M+((!7)!H*+(!)*+,2D!!-.(!M#$%&#F(3!*=2,%6&(!
%5*#3%$6(!6*3(!6%$!=(!M*7$3!#$!,.(!0))($3#6(2D!

-.(!2*$%+!+%$9(M#$3(+2!.%5(!%!2(6*$3%+>!M7$6,#*$!%2!E(&&D!!X.($!,.(!+*=*,!#2!M#+2,!,7+$(3!
*$V!,.(!+*=*,!#2!)7,!#$!,.(!H*3(&!.%&&E%>!2*!,.%,!,.(!+%$9(M#$3(+2!6%$!+(%3!,.(!,*,%&!E#3,.!
*M!,.(!.%&&E%>D!!X.($!,.(!+*=*,!H*5(2!=%61!%$3!M*+,.V!#,!72(2!,.(!2($2*+2!,*!M#97+(!*7,!
E.(+(!#$!,.(!.%&&E%>!#,!67++($,&>!#2V!)+(5($,#$9!#,!M+*H!+7$$#$9!#$,*!,.(!.%&&E%>!E%&&2D!!
0&2*V!%!2733($!6.%$9(!#$!,.(!2($2*+!+(%3#$92!&(,2!,.(!+*=*,!1$*E!E.($!2*H(*$(!#2!
%,,(H),#$9!,*!)%22!=>!*$!,.(!&(M,!2#3(D!



*!
!

;---.&C%B"65'0,&

!

&

D%+%1+5'*&

X.($!,.(!/($,#$(&!#2!#$!3(,(6,#*$!H*3(V!#,!#2!&**1#$9!M*+!%!.(%,!2*7+6(!,%+9(,V!%$3!,.(!=&7(!
<?;!#2!*$D!!8,!H*5(2!=%61!%$3!M*+,.!,*!%&&*E!,.(!L8'!2($2*+2!,*!3(,(6,!%$>!.(%,!2*7+6(V!%$3!#M!
,.(>!3*V!#,!2,%+,2!,.(!,%+9(,!%6W7#+(3!=(.%5#*+D!

!

!"0<%+&/1E450%:&

0,!,.#2!)*#$,V!,.(!.(%,!2*7+6(!.%2!=(($!3(,(6,(3!=>!,.(!L8'!2($2*+2V!%$3!,.(!=&7(!<?;!2,%+,2!
=&#$1#$9D!!-.(!+*=*,!2E(()2!,*!,.(!&(M,!2#3(!*M!,.(!.%&&E%>V!%$3!,.($!=%61!,*!,.(!+#9.,!($3D!!
0&&!,.(!E.#&(V!,.(!+*=*,!#2!6.(61#$9!,.(!2*$%+!+%$9(!M#$3(+!,*!2((!.*E!6&*2(!,.(!,%+9(,!#2V!%$3!
#M!%!,%+9(,!#2!3(,(6,(3V!,.($!,.(!+(3!<?;!,7+$2!*$D!!!!]$6(!,.(!,%+9(,!#2!H*3(+%,(&>!6&*2(V!,.(!
+*=*,!E#&&!&(,!*7,!%$!%&%+HV!E.#6.!E#&&!6*$,#$7(!7$&(22!,.(!,%+9(,!H*5(2!*7,!*M!+%$9(D!!8M!,.(!
,%+9(,!6%$!$*!&*$9(+!=(!3(,(6,(3!=>!,.(!L8'2!*+!2*$%+!+%$9(!M#$3(+V!,.($!,.(!+*=*,!+(,7+$2!
,*!#,2!3(,(6,#*$!=(.%5#*+D!!N7,V!#M!,.(!,%+9(,!6*H(2!,**!6&*2(!,*!,.(!/($,#$(&V!*+!%,,(H),2!,*!
2,()!%+*7$3!,.(!/($,#$(&V!,.($!,.(!+(,+(%,!=(.%5#*+!#2!#$#,#%&#F(3D!!X.#&(!,.(!+*=*,!3(,(6,2!
2*H(*$(!E.*!#2!$*,!,**!6&*2(V!#,!#2!&#2,($#$9!M*+!,.(!+(W7#+(3!%73#=&(!M+(W7($6#(2D!!8M!,.(2(!



"+!
!

M+(W7($6#(2!%+(!3(,(6,(3V!,.($!,.(!+*=*,!H*5(2!*7,!*M!,.(!E%>V!%$3!E.($!,.(!)(+2*$!)%22(2!
=>V!,.(!+*=*,!+(27H(2!#,2!3(,(6,#*$!=(.%5#*+D!!-.#2!#2!2#9$#M#(3!=>!,.(!E.#,(!<?;!,7+$#$9!*$D!

!

?%+0%"+&

-.(!/($,#$(&!#2!,**!2H%&&!,*!).>2#6%&&>!=&*61!#,2!,%+9(,V!2*!#,!,7+$2!%E%>!%$3!2,%+,2!3+#5#$9V!
2,#&&!2*7$3#$9!#,2!%&%+HD!!;7+#$9!,.#2!).%2(V!*=2,%6&(!%5*#3%$6(!#2!#H)&(H($,(3V!%$3!,.(!
+*=*,!E#&&!+7$!%E%>!M+*H!,.(!,%+9(,V!(5%3#$9!%$>,.#$9!E.#6.!=&*612!#,2!)%,.D!!;7+#$9!%&&!*M!
,.#2V!%&&!,.+((!<?;2!%+(!=&#$1#$9D!

-F.&23A%058%*+"$&G"9'4+&"*:&?%,4$+,&

=510'AB'*%!

-.(!H#6+*).*$(!)+(%H)&#M#(+!E%2!M#+2,!2#H7&%,(3!72#$9!<-/)#6(V!%$3!,.(!3(2#9$!%$3!
2#H7&%,#*$!+(27&,2!6%$!=*,.!=(!M*7$3!#$!,.(!0))($3#6(2!Y"#97+(2!Q!%$3!TV!+(2)(6,#5(&>ZD!!-.(!
3(2#9$!2.*E(3!%!9%#$!*M!AR3N!M*+!%&&!3(2#+(3!M+(W7($6#(2V!E.#6.!E%2!,.(!#$#,#%&!9*%&D!!-.(!
6#+67#,!E%2!,.($!).>2#6%&&>!=7#&,!*$!%!=+(%3=*%+3!%$3!,.(!*7,)7,!E%2!5#(E(3!,.+*79.!%$!
*26#&&*26*)(D!!0,!%=*7,!QR!M((,!%E%>V!,.(!6#+67#,!6*7&3!)#61!7)!%!Q1[F!M+(W7($6>!%$3!
)+*376(!%!2#$72*#3%&!*7,)7,!*M!%=*7,!@RRHK!)(%1!,*!)(%1D!!-.(!*26#&&*26*)(!#,2(&M!6*7&3!
%&2*!3(,(6,!,.%,!,.(!%73#*!E.#6.!E%2!+(6(#5(3!.%3!%!M+(W7($6>!*M!Q1[FD!

-.(!M+(W7($6>!3(,(6,#*$!6*3(!)+*5(3!,*!=(!+(&#%=&(V!(2)(6#%&&>!%,!.#9.(+!M+(W7($6#(2D!!;7(!
,*!,.(!2%H)&#$9!=>!,.(!H#6+*)+*6(22*+V!,.(!.#9.(2,!M+(W7($6>!E.#6.!6*7&3!=(!3(,(6,(3!E%2!
QIRR[FV!=7,!,.(!M*7+!$*,(!+(6*+3(+!,7$(!3#3!$*,!(J6((3!,.#2D!!X.($!,.(!H#6+*).*$(!E%2!
3(,(6,#$9!%H=#($,!$*#2(V!,.(!M+(W7($6>!+(%3!,($3(3!,*!=(!%+*7$3!ARR[FV!E.#6.!3#3!$*,!
,+#99(+!%$>!M%&2(!)*2#,#5(2!M*+!,.(!M*7+!M+(W7($6>!1(>D!

!

7'*"0&?"*<%&@5*:%0,!

0&&!+%$9(M#$3(+2!E(+(!,(2,(3!=>!*7,)7,,#$9!,.(!3#9#,%&!5*&,%9(!5%&7(!*M!(%6.!2($2*+!,*!,.(!
<S;D!!-.(!:%J=*,#J!<K\:%J/*$%+\?f@!/*$%+!'%$9(!"#$3(+!*7,)7,,(3!3#9#,%&!(W7#5%&($,!
5*&,%9(2!*M!%))+*J#H%,(&>!QBR\QbRRV!QBR!=(#$9!(J,+(H(&>!6&*2(!,*!,.(!2($2*+V!%$3!QbRR!
=(#$9!,.(!M%+,.(2,!)*22#=&(!*=U(6,!3(,(6,#*$D!!-.(!:%J=*,#J!<K\:%J/*$%+\?fR2!*$!,.(!*,.(+!
.%$3!*$&>!)+*376(3!3#9#,%&!5%&7(2!M+*H!%))+*J#H%,(&>!TQR\B@RV!E.(+(!TQR!#2!,.(!6&*2(2,!
+%$9(!%$3!B@R!#2!,.(!M%+,.(2,!+%$9(D!!0&,.*79.!,.(!:%J=*,#J!<K\:%J/*$%+\?fR!3*(2!$*,!
2((H!,*!3(,(6,!%2!M%+!Y*+!.%5(!%2!2,+*$9!%!+(2*&7,#*$ZV!#,!#2!*$&>!72(3!M*+!*=2,%6&(!%5*#3%$6(!
%$3!.%&&E%>!)*2#,#*$!%E%+($(22V!E.#6.!)+#H%+#&>!3(%&2!E#,.!,.(!6&*2(+!+%$9(2!*M!,.(!+*=*,D!!



""!
!

-.(2(!2($2*+2!%&2*!2((H(3!,*!2)#1(!M%&2(!)*2#,#5(2D!!X.($!,.(>!E(+(!3(,(6,#$9!M%+!+%$9(!
*=U(6,2V!#,!E*7&3!+%$3*H&>!2)#1(!%!&*E!3#2,%$6(V!%2!2.*E$!=(&*ED!

!

0!6*7)&#$9!6%)%6#,*+!E%2!72(3!#$!%$!%,,(H),!,*!+(H(3>!,.#2!)+*=&(HV!=7,!3#3!$*,!)+*5(!
(MM(6,#5(D!!0$!%&9*+#,.H!E%2!72(3!,*!H%1(!27+(!,.%,!,.(!2($2*+2!%6,7%&&>!+(%3!%!
6&*2(+CM%+,.(+!5%&7(!=>!+(%3#$9!2(5(+%&!6*$2(67,#5(!5%&7(2!#$!,.(!3(,(6,(3!+%$9(!,*!H%1(!
27+(!,.%,!%!3#2,%$6(!6.%$9(!E%2!%6,7%&&>!.%))($#$9D!

F.&)'*1$4,5'*&

]5(+%&&V!,.(!+*=*,!E%2!%!H*3(+%,(!2766(22D!!-.(!*=2,%6&(!%5*#3%$6(!6*3(!E%2!5(+>!
(MM(6,#5(V!(5($!%,!.#9.(+!3+#5#$9!2)((32V!%$3!,.(!M+(W7($6>!3(,(6,#*$!E%2!%=&(!,*!+(%3!,.(!
M*7+!M+(W7($6#(2!%,!%!3(6($,!3#2,%$6(!%&H*2,!(5(+>!,#H(D!!-.(!*$&>!)%+,!*M!,.(!+*=*,!E.#6.!
6*7&3!.%5(!72(3!+(%2*$%=&(!#H)+*5(H($,!E%2!,.(!,+%61#$9!6%)%=#&#,>!*M!,.(!+*=*,D!!-.(!
)(+M*+H%$6(!*M!,.(!L8'!2($2*+2!E%2!3#2%))*#$,#$9V!(5($!%M,(+!27))&>#$9!,.(H!E#,.!OK!M*+!
=(,,(+!+(2)*$2#5($(22D!!!

8M!,.(!+*=*,!E(+(!,*!=(!=7#&,!%9%#$V!%!M(E!,.#$92!E*7&3!=(!3*$(!3#MM(+($,&>D!!L8'!
2($2*+2!E*7&3!$*,!=(!72(3V!%$3!%$*,.(+!2($2*+!E*7&3!=(!72(3!,*!3(,(6,!%$!#$6*H#$9!
)(+2*$D!!-(H)(+%,7+(!2($2*+2!H%>!.%5(!=(($!H*+(!+(&#%=&(V!*+!H%>=(!%!6%H(+%!E#,.!=&*=!
3(,(6,#*$D!!?#,.(+!E%>V!#,!E*7&3!2((H!H*+(!)&%72#=&(!,*!%6,#5(&>!1(()!,.(!+*=*,!#$!M+*$,!*M!
2*H(*$(!,+>#$9!,*!($,(+!,.(!.%&&E%>D!!0&2*V!,.(!BK!2(+5*!+(97&%,*+!E*7&3!=(!=*79.,!M*+!,.(!
?)#).%$>!;8`!=*%+3D!!/(+5*2!E(+(!$*,!$(6(22%+#&>!+(W7#+(3V!=7,!H*+(!5*&,%9(!6*7&3!=(!
27))&#(3!,*!,.(!2($2*+2V!H%1#$9!,.(H!H*+(!%667+%,(!%$3!+(2)*$2#5(D!!-.(!BK!+(97&%,*+!%&2*!
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)+(5($,2!,.(!IDIK!U7H)(+!M+*H!=(#$9!2*&3(+(3V!E.#6.!*)($2!7)!@!H*+(!0;S!6.%$$(&2D!!8M!
,.(!$(9%,#5(!(MM(6,2!*M!,.(!%=2($6(!*M!,.(!BK!+(97&%,*+!.%3!=(($!H*+(!%))%+($,!%,!,.(!
=(9#$$#$9!*M!,.(!)+*6(22V!,.(!BK!+(97&%,*+!E*7&3!)+*=%=&>!.%5(!=(($!)7+6.%2(3D!

02!%!+*=*,!2($,+>V!,.(!/($,#$(&!)(+M*+H(3!E(&&V!%&,.*79.!#,2!+(2)*$2#5($(22!E%2!
2&*E(+!,.%$!3(2#+(3D!!L*E(+#$9!2*H(!*M!,.(!2($2*+2!E#,.!.#9.(+!5*&,%9(2!*+!9(,,#$9!%!M%2,(+!
H#6+*)+*6(22*+!H%>!.%5(!H%3(!,.(!+*=*,!H*+(!*M!%!5#%=&(!3(,(6,#*$C2(67+#,>!2>2,(HD!

F-.&D'148%*+"+5'*&

gQh!!0,H(&V!i0,H(&!0-JH(9%A@0Q!:#6+*)+*6(22*+jV!3%,%2.((,V!TRROV!!
!!!!!!!!,--./0011123-456278409:;0<5=8><75=0.<89?987>45;-=0987)+((2.9@!

gTh!!<#$(%+!-(6.$*&*9>V!i<-QAITCQAII!;7%&Ck7%3!L+(6#2#*$!])!0H)2jV!3%,%2.((,V!
!!!!!!!!!,--./00111293-3=,55-73-368A28<A093-3=,55-06B;53<-57,;868A:0"'$#$@=2.9@!

gIh!!:%J=*,#J!Vi:%J=*,#J!<K\:%J/*$%+\?fR!/*$%+!'%$9(!"#$3(+!:NQRRRjV!3%,%2.((,V!TRRaV!
!!!!!!!!!,--./001112.8686>27840@B650+C')0DEFG3HI8;3<FJK+FL3-3=,55-2.9@!

g@h!!:%J=*,#JV!i:%J=*,#J!<K\:%J/*$%+\?f@!/*$%+!'%$9(!"#$3(+!:NQR@RjV!3%,%2.((,V!TRRaV!
!!!!!!!!!,--./001112.8686>27840@B650+C"%*0DEFG3HI8;3<FJK%FL3-3=,55-2.9@!

gBh!!L*&*&7V!iL%22#5(!8$M+%+(3!YL8'Z!;(,(6,*+!/?\QRjV!3%,%2.((,V!!
!!!!!!!!!,--./001112.8686>27840@B650+C#&+0IJF"+2.9@!

gAh!!L*&*&7V!/)(6#M#6%,#*$2!M*+!BRdQ!:#6+*!:(,%&!e(%+H*,*+![LV!!
!!!!!!!!!,--./001112.8686>2784073-368A0.<89>7-0**)0=.57=!
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F--.&/AA%*:51%,&

!

"#$%&'!(!)!*+'!,&'-./0#1#'&!2#&3%#4!5'6#$7!18&!4+'!9#3&8/+87'&

!

"#$%&'!:!)!;!<#.%0-4#87!81!4+'!$-#7!#7!4+'!9#3&8/+87'!,&'-./0#1#'&!2#&3%#4&

!

=>64-30'!;?8#5-73'!285'!@A88/B!! !

  //OBSTACLE AVOIDANCE 
   



"%!
!

  PORTD_OUT=0x01; //All LEDs on 
  PORTB_OUT=0x01; 
  PORTF_OUT=0x80; 
   
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  x=distanceright; 
  y=distanceleft; 
   
 if(x>260 && y>260){ //If no object ahead, keep driving 
   
  setMotorDuty(3,700,MOTOR_DIR_FORWARD_gc); 
  setMotorDuty(4,700,MOTOR_DIR_FORWARD_gc); 
  } 
 else if (y<x){//Left sensor reads a close object, turn right 
  setMotorDuty(3,700 + 100*(1/(x-y)),MOTOR_DIR_FORWARD_gc); 
  setMotorDuty(4,700 + 100*(1/(x-y)),MOTOR_DIR_BACKWARD_gc); 
  }  
 else if (x<y){ //Right sensor reads a close object, turn left 
  setMotorDuty(3,700 + 100*(1/(y-x)),MOTOR_DIR_BACKWARD_gc); 
  setMotorDuty(4,700 + 100*(1/(y-x)),MOTOR_DIR_FORWARD_gc); 
  }  

!
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  //FREQUENCY DETECTION CODE 
   
  if(samples == 200){ //After 200 samples… 
  ADCA_request(ExternalChannel0,ExternalChannel0); 
  uint16_t distance = ADCA_getVal(ExternalChannel0); 
     
/*Code samples at a frequency of 2600Hz.  At 200 samples, the number of crests 
detected is multiplied by 13 to get the frequency*/ 
  frequency = maxes*13;  
  printf("\r%dHz",frequency); 
  maxes = 0;  
  samples = 0; 
  if((frequency < 800) && (frequency > 750) && (songkey == 0)){  
 songkey=1;   //First note detected 
  timerVar=0; 
  _delay_ms(200); 
  } 
  if((frequency < 900) && (frequency > 850) && (songkey == 1)){  
  songkey=2;  //Second note detected 
  timerVar=0;  
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  _delay_ms(200); 
  } 
  if((frequency == 1170) && (songkey == 2)) {     
 songkey=3;   //Third note detected 
  timerVar=0; 
  _delay_ms(200); 
  } 
  if((frequency == 1248) && (songkey == 3)){     
 printf("\rAccess Granted"); //Last note detected 
  PORTB_OUT=0x00; 
  PORTD_OUT=0x00; 
  PORTF_OUT=0x80; 
  _delay_ms(1000); 
  AccessGranted=1; //Robot is set to move out of the way 
  moveRight=1; 
  songkey=0;     
  objectfound = 0; 
  distance = 1000; 
  break; 
  } 
  }   
 

//if a maximum is detected, the counter is incremented 
  if(x > last_val && low == 1) maxes++; low = 0; 
  if(x < last_val && low == 0) low = 1; 
   
   
  if (TCC0.INTFLAGS & 0x01) //Timer set every 1/2600 of a second 
  { 
   last_val=x; 
   ADCA_request(ExternalChannel1,ExternalChannel1); 
   x = ADCA_getVal(ExternalChannel1); 
   samples++; 
   timerVar++; 
   //Frequency key is reset after 2 seconds  
   if(timerVar == 5200) songkey=0; 
   
   TCC0.INTFLAGS &= 0x01; 

}   

!
!
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//THE SENTINEL 
 
#include <asf.h> 
#include <avr/io.h> 
#include <ctype.h> 
#include <stdint.h> 
#include <stdio.h> 
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#include <util/delay.h> 
#include "motor.h" 
#include "lcd.h" 
#include "uart.h" 
#include "RTC.h" 
#include "picServo.h" 
#include "ADC.h" 
#include "sonar.h" 
 
#define DbLedOn()  (PORTR.OUTCLR = 0x02)  //Turns the debug led 

on.  The led is connected with inverted logic 
#define DbLedOff()  (PORTR.OUTSET = 0x02)  //Turns the debug 

led off.  The led is connected with inverted logic 
#define DbLedToggle() (PORTR.OUTTGL = 0x02)  //Toggles the debug led 

off.  The led is connected with inverted logic 
 
 
 
struct cir_buffer { 
  uint16_t array[64]; 
  int arraysize,array_ind; 
}; 
 
int main (void) 
{  

board_init(); /*This function originates in the file init.c, and is 
used to initialize the Epiphany DIY 
motorInit() is declared within because by default you 
the user should define what your 
motor setup is to prevent hurting the Epiphany.  You 
can do this by  

     */    
DbLedOn(); //I like to do this by default to show the board is no 

longer suspended in the bootloader. 
servoControlInit();//initializes the servo module ***including enabling 
global interrupts*** required for the servo control module  
uartInit(&USARTC0,57600);//as can be seen in the schematic.  This uart 
is connected to the USB port.  This function initializes this uart 
stdout = &lcd_str;//This function points stdout to the USB device.  So 
this means printf will send data out the USB port. 

 ADCsInits();//this function initializes the ADCs inside the Xmega   
 LCDInit(); 
 motorInit(); 
 //you should add any further initializations here 
 sei(); 
 
 
 struct cir_buffer buff; 
 buff.arraysize=5; 
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 buff.array_ind=0; 
  
  
  
 int y = 0; 
 int higher = 0; 
 int h = 0; 
 int check = 0; 
  
 TCC0.PER = 12; //set the timer period to ~1/2600 second (default  

count up mode) 
 TCC0.CTRLA = 7;  //set the timer prescaler to 1024 (this starts  

the timer automatically) 
  
 TCC1.PER = 2600; //set the timer period to ~1/2600 second (default  

count up mode) 
 TCC1.CTRLA = 7;  //set the timer prescaler to 1024 (this starts  

the timer automatically) 
  
  
 PORTC_DIR=0xFF;  //Read PIRs, Write to LEDS 
 PORTE_DIR=0x00; 
 PORTB_DIR=0xFF; 
 PORTD_DIR=0xFF; 
 PORTF_DIR|=0x80; 
  
 int looper=0;  //Initialize variables  
 uint16_t x = 0; 
 int randomVar2 = 0; 
 int low = 0; 
 int randomVar = 0; 
 int frequency = 0; 
 int maxes = 0; 
 int tester = 0; 
 int samples = 0; 
 int last_val = 0; 
 int begin=0; 
 uint16_t distanceright; 
 uint16_t distanceleft; 
 uint16_t distancerightmax; 
 uint16_t distanceleftmax; 
 uint16_t distancerightthreshL; 
 uint16_t distanceleftthreshL; 
 uint16_t distancerightthreshH; 
 uint16_t distanceleftthreshH; 
 uint16_t distanceleftmin = 220; 
 uint16_t distancerightmin = 220; 
 uint16_t distance; 
 int init=0; 



")!
!

 int songkey=0; 
 int nothasty = 0; 
 int nothasty2 = 0; 
 int nothasty3 = 0; 
 int nothasty4 = 0; 
 int nothasty5 = 0; 
 int nothasty6 = 0; 
 int nothasty7=0; 
 int objectfound = 0; 
 int moveRight = 0; 
 int recapture = 1; 
 int i = 0; 
 int noleft=0; 
 int objectfound2=0; 
 int timerVar; 

int AccessGranted; 
 _delay_ms(500); 
 
 
 
//PORT F=white 
//PORT D=blue 
//PORT B=red  
 
 while(1){ 
   
   
 while(begin<10){  //Reads the initial width of the hallway 
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  printf("R:%u",distanceright); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  printf(" L:%u",distanceleft); 
  _delay_ms(100); 
  printf("\r"); 
  begin++;  //The sonars are read several times to make  
  distanceleftmax = distanceleft; //sure the readings are  

//correct 
  distancerightmax = distanceright; 
  distanceleftthreshL = distanceleftmin + (distanceleftmax - 
distanceleftmin)/2; 
  distancerightthreshL = distancerightmin + (distancerightmax - 
distancerightmin)/2; 
  distanceleftthreshH = distanceleftmax - (distanceleftmax - 
distanceleftmin)/2; 
  distancerightthreshH = distancerightmax - (distancerightmax - 
distancerightmin)/2; 
  } 
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  while(begin==10){ 
  printf("MR:%u ML:%u",distancerightmax,distanceleftmax); 
   
  printf("\nWaiting for PIRs"); 
   
  _delay_ms(18000); //Waits for PIR sensors to calibrate   
   
  printf("\r"); 
   
  begin++; 
  }  
  
 objectfound=0; //In detection mode 
 songkey=0;  //Resets frequency detection 
  
 while(moveRight==1){   //Moves right until an object is 
found or the robot reaches the other end of the hallway 
  setMotorDuty(3,600,MOTOR_DIR_BACKWARD_gc); 
  setMotorDuty(4,600,MOTOR_DIR_BACKWARD_gc); 
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
   
  if((distanceleft>distanceleftmax) || 
(distanceright>distancerightmax)){ 
  setMotorDuty(3,0,MOTOR_DIR_BACKWARD_gc); 
  setMotorDuty(4,0,MOTOR_DIR_BACKWARD_gc); 
  printf("HAVE A NICE DAY"); //The robot allows passage and  
  while(AccessGranted==1){ //waits for the person to pass 
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3);  
  if((distanceleft<(distanceleftmax-20)) && 
(distanceright<(distancerightmax-20))){ AccessGranted=0; break;} 
  } 
  printf("\r"); 
  moveRight=0; 
  }   
   
  _delay_ms(50); 
  printf("\r"); 
   
 } 
  
 while(objectfound==0){  
 PORTF_OUT=0x00;  //Blue LED turns on 
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 PORTB_OUT= 0x00; 
 PORTD_OUT = 0x01; 
 if((PORTE.IN &= 0x02) == 0){ 
  printf("Right"); //PIR sensors are read to see if movement  
 objectfound = 2; //has been detected 
  } 
  else printf("     "); 
   
  if((PORTE.IN &= 0x01) == 0){ 
  printf(" Left"); 
  objectfound = 2; 
  } 
  else printf("     "); 
  _delay_ms(50); 
  printf("\r");  
 }  
  
 PORTD.OUTTGL=0x01; 
 printf("\r");  //Moving Heat detected 
 printf("DETECTION!"); 
 PORTC_OUT=0xFF; 
 _delay_ms(500); 
 PORTD.OUTTGL=0x01; 
 PORTC_OUT=0x00; 
  
  
   
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 nothasty3=0; 
  
 while (distance > 600){ 
   
 if (TCC1.INTFLAGS & 0x01)  //Blinks the Blue LED 
  { 
   PORTD.OUTTGL=0x01; 
   TCC1.INTFLAGS &= 0x01; 
  }   
 
/*Moves the robot to the left until a person is detected. If no person is 
detected by the time the robot reaches the end of the hallway, then the robot 
continues its code*/  
 
 ADCA_request(ExternalChannel2,ExternalChannel2); 
 uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
 ADCA_request(ExternalChannel3,ExternalChannel3); 
 uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
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 setMotorDuty(3,600,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,600,MOTOR_DIR_FORWARD_gc); 
  
 if((distanceleft<distanceleftmin) && (distanceright<distancerightmin)){ 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break;  
 }  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 if(distance < 550) nothasty3++; 
 else nothasty3 = 0; 
 if (nothasty3 == 5){ 
 printf("\n%u",distance);  
 objectfound=1;   //Object Detected!!  
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
  
 _delay_ms(50); 
 //printf("\r"); 
 }  
  
 nothasty6=0; 
 noleft=0; 
  
/*Moves the robot to the right until a person is detected. If no person is 
detected by the time the robot reaches the end of the hallway, then the robot 
continues its code*/ 
 

while(objectfound != 1){ 
   
 if (TCC1.INTFLAGS & 0x01) 
  { 
   PORTD.OUTTGL=0x01; 
   TCC1.INTFLAGS &= 0x01; 
  }   
   
 ADCA_request(ExternalChannel2,ExternalChannel2); 
 uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
 ADCA_request(ExternalChannel3,ExternalChannel3); 
 uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  
 setMotorDuty(3,600,MOTOR_DIR_BACKWARD_gc); 
 setMotorDuty(4,600,MOTOR_DIR_BACKWARD_gc); 
  
 if((distanceleft>distanceleftmax) || (distanceright>distancerightmax)){ 
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 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 if(distance < 550) nothasty6++; 
 else nothasty6 = 0; 
 if (nothasty6 == 5){ 
 printf("\n%u",distance);  
 objectfound = 1;  //Object Detected!! 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
  
 _delay_ms(50); 
 //printf("\r"); 
 }  
  
 nothasty4=0; 
 nothasty5=0; 
 nothasty6=0; 
  
/*Object has been detected, different functions depending on distance 
 
 while(objectfound == 1){ 
   
  PORTF_OUT=0x00; //Red LED turns on 
  PORTD_OUT=0x00; 
  PORTB_OUT=0x01; 
   
  ADCA_request(ExternalChannel0,ExternalChannel0); 
  uint16_t distance = ADCA_getVal(ExternalChannel0); 
   
  printf("DISTANCE: %u",distance); 
   
  if(distance < 260){  
  nothasty4++; 
  if(nothasty4==8){ 
   
  PORTC_OUT=0xFF; 
   
  setMotorDuty(3,1024,MOTOR_DIR_FORWARD_gc); 
  setMotorDuty(4,1024,MOTOR_DIR_BACKWARD_gc); 
   
  printf("\rRETREAT!!!"); 
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  _delay_ms(250); 
   
  while(1){ 
   
  //OBSTACLE AVOIDANCE 
   
  PORTD_OUT=0x01; //All LEDs on 
  PORTB_OUT=0x01; 
  PORTF_OUT=0x80; 
   
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  x=distanceright; 
  y=distanceleft; 
   
  if(x>260 && y>260){ //If no object ahead, keep driving 
   
  setMotorDuty(3,700,MOTOR_DIR_FORWARD_gc); 
  setMotorDuty(4,700,MOTOR_DIR_FORWARD_gc); 
  } 
  else if (y<x){//Left sensor reads a close object, turn right 
  setMotorDuty(3,700 + 100*(1/(x-y)),MOTOR_DIR_FORWARD_gc); 
  setMotorDuty(4,700 + 100*(1/(x-y)),MOTOR_DIR_BACKWARD_gc); 
  }  
  else if (x<y){ //Right sensor reads a close object, turn left 
  setMotorDuty(3,700 + 100*(1/(y-x)),MOTOR_DIR_BACKWARD_gc); 
  setMotorDuty(4,700 + 100*(1/(y-x)),MOTOR_DIR_FORWARD_gc); 
  }  
   
  //OBSTACLE AVOIDANCE END 
   
  } 
   
   
   
  }   
  }   
   
  if(distance < 350){  
  nothasty5++;  //At a certain distance, the alarm turns 
on 
  if(nothasty5==3){  
  printf("\nALARM!!!"); 
  PORTC_OUT=0xFF; 
  nothasty5=2; 
  }   
  }   
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  if(distance>350){ 
   PORTC_OUT=0x00; 
   nothasty4=0; 
   nothasty5=0; 
  } 
   
  while ((distance > 400) && (distance < 800)){ 
   
  PORTC_OUT=0x00; 
  //FREQUENCY DETECTION CODE 
   
  if(samples == 200){ //After 200 samples… 
  ADCA_request(ExternalChannel0,ExternalChannel0); 
  uint16_t distance = ADCA_getVal(ExternalChannel0); 
   
  if(distance < 400){ //Person still in range? 
  nothasty++; 
  if(nothasty == 10) break;} 
  else nothasty=0; 
   
  if(distance > 800){ //Person still in range? 
  nothasty2++; 
  if(nothasty2 == 10) break;} 
  else nothasty2=0; 
   
/*Code samples at a frequency of 2600Hz.  At 200 samples, the number of 
crests detected is multiplied by 13 to get the frequency*/ 
  frequency = maxes*13;  
  printf("\r%dHz",frequency); 
  maxes = 0;  
  samples = 0; 
  if((frequency < 800) && (frequency > 750) && (songkey == 0)){ 
  songkey=1;   //First note detected 
  timerVar=0; 
  _delay_ms(200); 
  } 
  if((frequency < 900) && (frequency > 850) && (songkey == 1)){  
  songkey=2;  //Second note detected 
  timerVar=0;  
  _delay_ms(200); 
  } 
  if((frequency == 1170) && (songkey == 2)) {    
  songkey=3;   //Third note detected 
  timerVar=0; 
  _delay_ms(200); 
  } 
  if((frequency == 1248) && (songkey == 3)){    
  printf("\rAccess Granted"); //Last note detected 
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  PORTB_OUT=0x00; 
  PORTD_OUT=0x00; 
  PORTF_OUT=0x80; 
  _delay_ms(1000); 
  AccessGranted=1; //Robot is set to move out of the way 
  moveRight=1; 
  songkey=0;     
  objectfound = 0; 
  distance = 1000; 
  break; 
  } 
  }   
 

//if a maximum is detected, the counter is incremented 
  if(x > last_val && low == 1) maxes++; low = 0; 
  if(x < last_val && low == 0) low = 1; 
   
   
  if (TCC0.INTFLAGS & 0x01) //Timer set every 1/2600 of a 
second 
  { 
   last_val=x; 
   ADCA_request(ExternalChannel1,ExternalChannel1); 
   x = ADCA_getVal(ExternalChannel1); 
   samples++; 
   timerVar++; 
   //Frequency key is reset after 2 seconds  
   if(timerVar == 5200) songkey=0; 
   
   TCC0.INTFLAGS &= 0x01; 

}   
   
  //FREQUENCY DETECTION CODE END 
  
  }   
  
  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 distance = ADCA_getVal(ExternalChannel0); 
   
 if(distance > 800){ 
  PORTC_OUT=0x00; 
  nothasty7++; 
  if(nothasty7 == 10) recapture=1; 
 }   
 else nothasty7=0;  
  
 if(recapture==1){ //If the object has fled, the robot searches for it 
again 
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  recapture=0; 
  nothasty7=0; 
   
  _delay_ms(500); 
   
  ADCA_request(ExternalChannel2,ExternalChannel2); 
  uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
  ADCA_request(ExternalChannel3,ExternalChannel3); 
  uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
   
  if((distanceleftthreshH < distanceleft) || (distancerightthreshH 
< distanceright)){ 
   printf("\rGO LEFT"); 
    
//GO LEFT UNTIL FINDING AN OBJECT. IF NO OBJECT, THEN GO RIGHT 
       
 objectfound2=0;   
    
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 distance = ADCA_getVal(ExternalChannel0); 
  
 nothasty3=0; 
  
 while (distance > 600){ 
 ADCA_request(ExternalChannel2,ExternalChannel2); 
 uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
 ADCA_request(ExternalChannel3,ExternalChannel3); 
 uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  
 setMotorDuty(3,612,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,600,MOTOR_DIR_FORWARD_gc); 
  
 if((distanceleft<distanceleftmin) && (distanceright<distancerightmin)){ 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break;  
 }  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 if(distance < 550) nothasty3++; 
 else nothasty3 = 0; 
 if (nothasty3 == 15){ 
 printf("\n%u",distance);  
 objectfound2=1;  //Object found!! 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
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 _delay_ms(50); 
 }  
  
  
 //GOING RIGHT 
     
objectfound2=0; 
nothasty6=0;  
 

while(1){ 
  
 ADCA_request(ExternalChannel2,ExternalChannel2); 
 uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
 ADCA_request(ExternalChannel3,ExternalChannel3); 
 uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  
 setMotorDuty(3,600,MOTOR_DIR_BACKWARD_gc); 
 setMotorDuty(4,612,MOTOR_DIR_BACKWARD_gc); 
  
 if((distanceleft>distanceleftmax) || (distanceright>distancerightmax)){ 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 if(distance < 550) nothasty6++; 
 else nothasty6 = 0; 
 if (nothasty6 == 15){ 
 printf("\n%u",distance);  
 objectfound2 = 1; 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
  
 _delay_ms(50); 
 } 
 
 if(objectfound==0) break; 
  } 
   
   
   

else if((distanceleftthreshL > distanceleft) && (distancerightthreshL > 
distanceright)){ 
  printf("\rGO RIGHT"); 
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 //GO RIGHT UNTIL FINDING AN OBJECT. IF NO OBJECT, THEN BREAK  
    

objectfound2=0; 
   nothasty6=0;  
   while(1){ 
  
 ADCA_request(ExternalChannel2,ExternalChannel2); 
 uint16_t distanceright = ADCA_getVal(ExternalChannel2); 
 ADCA_request(ExternalChannel3,ExternalChannel3); 
 uint16_t distanceleft = ADCA_getVal(ExternalChannel3); 
  
 setMotorDuty(3,600,MOTOR_DIR_BACKWARD_gc); 
 setMotorDuty(4,612,MOTOR_DIR_BACKWARD_gc); 
  
 if((distanceleft>distanceleftmax) || (distanceright>distancerightmax)){ 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
 ADCA_request(ExternalChannel0,ExternalChannel0); 
 uint16_t distance = ADCA_getVal(ExternalChannel0); 
  
 if(distance < 550) nothasty6++; 
 else nothasty6 = 0; 
 if (nothasty6 == 15){ 
 printf("\n%u",distance);  
 objectfound2 = 1;  //Object found!! 
 setMotorDuty(3,0,MOTOR_DIR_FORWARD_gc); 
 setMotorDuty(4,0,MOTOR_DIR_FORWARD_gc); 
 break; 
 }  
  
 _delay_ms(50); 
 } 
     
 if(objectfound2 == 0) break;  //No object found 
  }  
 } 
  
 _delay_ms(50); 
 printf("\r"); 
  
 }   
 }  
  } 


