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Pololu 3pi Robot User's Guide
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1. Introduction

Note: .16 GI>3C4H: G xHBIB 7 0340 E>GD7I:6IG&1H=>EEL>>G=¢=:C:L:@Tmega328Pi
B>8GD8DGCIIOBE:-G/B:<6 /=:H:GEGB7>GBAD86D:BL=>766D%H |>8@CE::
7DIIDB=:E* /=:/B:<6 >HHH:CI6B@BE:;>FA68;BIEI/B:<6 L>IH>8=:!
B:BDGN& ;A6H& - ( 6C9& D; +-*( HD=:ES8DLG>I)DE&:/B:<6 H=DJA9
LDA@IB>C>BB®A>;>8BC=D/B:<6 | =Pololu AVR Library [http://www.pololu.com/docs0J20] E
CDL HIJEEDGIH I=: /B:<6 + ;

____________________________________________________________________________________________________________________________

/I=:+DADEAS D PIHHB6 AA<= E:G;D&BHCOBDIADH><IIDM8>A>C: ;DAADA>C<B60O:
HDAKBDBE:I>HDICBINDIG 76I11:GELHCE8AIBCHIC>HIDL HNH I3 JC+B D | DedoH
G:<JAG61:9 E>BG6EG6DAME::9HD 8BH:8DIC>B6@ EC<SINMBECIBESNEMDCKAEEGRNI=
I=7611:ICNAI6=<>6G:HXPEH<B8ONCH>GAEGCE:6167G;DGBEGICAA | BDIK:6H=7611:G>:H
GJIJRDIL=:GD78DB;HABNH:B1A4I11 [B>8806A6GBD|BPK&H; A:8IlBOCBHPBGM 8=6G681:G
' 67JO00=GsIJHEIH=7J1608BGEARDCC:869H:G EGD<GEBBEGBALDEDAEGEAA:G
B:6HJG:H 6EEGDM>BG6I1:AN >C8=:H 8B >C 9>6B:1:G 6C9 L:><=H DO

/I=: E>A6HDI®GCIB:A/B:<6 DGB:<6 B>8GDS8DGIEBAMG GIGBH=V /B:<6MM W
GJCCeIC<(#0O /B:<6 7T6HEGD7DIHIG:& D;;A6EHSESD<G6BD&BNX9& - ( 6C9
TNICHE:GH>H+-C( B:BDGNB:<6 7T6HESD7DBHIG& D;A6HSGD<B:@D G M

-( 6C9& DE:GH>H+-CG( B:BD@N:JHD]=:/B:<6MB>8GD8DBBCAIAMAEBDBEGI>7A:
L>IEFEEDEJ/AGORG>CR:ADEBAGI;DGB 6C9 9:K:ADEBEDDRAGEAKRG>AGCBHBCMI:CH>K:
HIDA>7GBG6&BHB7G:: (D> Cl:GLEIEANI=>C|: <GCGHCHOLBEBEEGCGD<GEBKG>A®AADL
=DULDIHI=K6G>EBDDBEDC6E.IIAN+DLDE:G;DBIBBDBEAX: M6 KHIGHA>CDAADGBEE <
B60: HDAK>C<

+A:6EDI=6BCMI:GUB6A$.+E GD<G6BB8ED JUSB AVR Programmer [http://www.pololu.com/catalog/
product/1300) >H G:FJ>G:9 ID EGD<G6B I=: E> GD7DI

IDB.E6CXKHE HD D=COHD 8 J B :EZA : 6HH: Pololu 3pi Robot Guia Usuario [http://www.pololu.com/file/
download/Pololu3piRobotGuiaUsuario.pdf?file_id=0J137] @ E9; EGDK>9:9 7N 8JHIDB:G %6JB:

$CIGD9J8I>DC +6<: D;
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2. Contacting Pololu

4DJ86 @=":8I& 3pi product pagelhttp://www.pololu.com/cataloghproduct/975] ;D B9 9>1>BDC,ADGCBEGICRHALII>C<
E>81JG:H K>9:DH :M6BEA: 8D9: 6C9 DI=:G G:HDJGS8:H

2: LDIAR:A><fED=9,&EDNBDEI7DGCDNDEGD 268BH DNDJIJRBE:G>LEIB=.ESD7ODB6C
contact usihttp://www.pololu.com/contact] 9> G : DIE N B D Jf@&um [http:/fforum.pololu.com/] /:AAH.=61L: 9>B:AA
L=61 L: 8DJA9 >BEGDK: L=6I NDJ LDJA9 A>@: ID H:: >C I=: ;JIJG: DG H=6G

DCI68I>C< +DADAJ +6<: D;
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3. Important Safety Warning and Handling Precautions

/[=: ESDPHEDICI:COBDIB=>AUDILCIHGEHD IN=EHGCDINCGABNIEOCIAIE:GK>H>DC
JH>ICG<BG DON®B<GCDID=DADABAS /TANGCNC?D@BEB6G:A6GIDFEFIHDGD=E:G;DGB6CS8:
DI=>BGD908IEHGDONIBDI: H><DO@CB=DILAD:IJH.9GEEA>8b6F>0EBG6A;JCIPD.C
EGD9J8] 8DJA9 86JH: >C?JGN DG 96B6<: +A:6H: 16@: CDI: D; I=:H: 699>I1>D

Q DCDAII:BHEGD<SGDBBE>> IH6I|: BEAHE6>CEGTC8=6GRPHP>ERLIGGCGED<G6BB>C<
8 D Jpefmanently disable NDJE>$ND36KEJG8=GH8FS6G<r6MAGBD.GHL>IF=: E>DCDI
6HHJIB:BRDB;:JABNGB8O6A=<:F:;DSD;>GAMHIL=:B/=: E6H67>ABBNC>IHEII:GN
KDAI6=:M6BEA».C: ;DAAODBEC<HDBEGDPCG6BEDKPIODADIDIHI=>H6IJGCRBDJ
H=DJA9 >C8AJ9: > >C NDJG EGD<G6BH HD NDJ 86C @CDL L=:C >IH I>B: II

Q/=: ESDBDICIA=GEHDDAMEIEGCGDEGE 8 G188 :9d GHHTC DA>8 @>CGR BILID6 H=>C<
=6C9H 6;1:G =6C9A>C<

Q/=: ESD7PHCI:CODBH>CIODDG HAG6 | > KGABID HIFG ;6 KBPI>@ICCHNTIED GHHIG;68: H
I=61 B><=1 H8GG6E: DG 96B6<: I=: JC9:GH>9: D; NDJG GD7DIYH + ©6H > 9G

Q KD>OA68P=CXD HD=61FJC9:CGPB*8+ B6@8BCIE8IS8DCI9I&BHBEKG>6AHLCDI
EAGIE:E>67>CARA>IB: I6A6 GIH>3HD JACGG69K : CGH=UDAN-7611: BXI6B6ND LD 7D |
K:C L>I=1=: E>1JGC:9 D;; .=DGI>C< K6G>DJH E69H DG 8DBEDC:CIH ID<

Q.>C8=+ ©6C9IBIDBEDCGCGIMEDHG6WHI6COG&:B6JIPDDGBIN®IIBEX% D 7,ID B
A:81GDHIEB=BG<:BDIBOB6Kk=DC 7D:AGRIGD2G>8EH>8 @QEC< EXNDH=DJAGHI
IDIJ&BHG6EG6®L=GD7HDI8H=L=::ABIDIDGH | :GDGE2::9<:H;l=+ $NDJI>GEBU8=
8DBEDCDGQ#H NDG>HXH8=6IGGCICI«B2=:C6CIP+E€.<EF*D6CDIE:GHDABD8=
I=: =60 INDFGUDFIGAMBI=6GB.76 AGCI&: DK D=6N DID CO-IH 8 =l6=(&<D <& >
6H I=: :M8=6C<: >H B69:

Q$NDG:BDIK:! 16 B6GDG:EABIBC=GC>DG>:CIHIZBGHIPBKIGG: @6 |I|:6\8 &l
>H EDHH>7A: ID EJI I=:* >C 768@L6G9H DG D;;H:I 9D>C< HD 8DJA9 96B|

$BEDGI6GCI .6;:IN 26GC>C< 6C9 #6C9A>C< +G:86JI>DCH +6<: D;
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4. Getting Started with Your 3pi Robot

"III>CE46CGI>INDIEG86TC.6HH>BBAH6 @ >0dD]1=7DM99>T<d | :GCRIGC>RBQ@=: EX=>EH
L>I= 6 9:BD EGD<G6B I=61 L>AA <>K: NDJ 6 7G>:; IDJG D; >IH ;:61JG:H

General features of the Pololu 3pi robot, top view.

":11>C< .16GI:9 L>1= 4DJG E> -D7DI +6<: D;
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/

Labeled bottom view of the Pololu 3pi robot.

=: ,DAADL>C< HJ7H:81>DCH L>AA <>K: NDJ 6AA |I=: >C;DGB6I>DC NDJ C::9

4.a.What You Will Need
/=: ;. DAADL>C< B61:G>6AH 6G: C:8:HH6GN ;DG <:II>C< HI6GI:9 L>I= NDJG E:

Q4 AAA batteries. CN 8:ALHAPDG@WL: G:8DBBYE®# 76I11:GL=HBGCGC:8=6GGBIA:

8 6 € : E J G 8 =fiédrh: Pololu [nttp:/iwww.pololu.com/catalogiproduct/1002] D B I6AD 861D G NDIHG:8=6G<:67A:
7611:GNDEH>AAIED: 87611:&NGC<60:BN6G9:GH<ITBD CCIBMI: G :65A2 6HI BN @ H
B6N 7: JH:9 L>I=1=: E>YH 76I11:GN 8=6G<:G EDGI

QAVR ISP programmer with 6-pin connector. /=: E>:61J6HB:<6MB>8GD8D QLI-GEXAIGG:H

6CMI:GEGAMP <G 6BB3&EH = Pololu USB AVR programmer [http://www.pololu.com/catalogfproduct/1300] D G
IB:AYHS$.+H:G>¥=H Ex6BHHI6CI96BX¥GCGD<G6BREC<HDG EG D <G 6IBBLAE: 9D

=6 KB6-pin ISP cable[http://www.pololu.com/cataloghproduct/972] ;D &D C C:8IIDIE K6 G 9:IK>84DL>BAHD

C::9 L=61:K:G 867A: NDJG EGD<G6BB:G G:FJ>G:H ID 8DCC:81 ID 6 8DBEJI:(

QA desktopor laptop computer. 4D L >KEA:8E:GHBDBE JDG. K:ADEDP@® L CAD 6 9>[&I D
I=:E>=: EB86C:EGD<G6BR>CI9D(686C>CJIDVE:G6HNIK :BHDABDAEEDE& 8H
>H A>B>1:9

4DJ B><=I| ;>C9 |I=: ;DAADL>C< B61:G>6AH JH:;JA >C 8G:61>C< 6C :CK>GDCB

":11>C< .16GI:9 L>1= 4DJG E> -D7DI +6<: D;
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Q .:K:GARAGK=::DH =>EDHI|: G 7@K BGEDIG!; ; >BIEHAN®:GGN GEH::70HG8 @
8DBBDCAN 6K6>A67A: 61 =DB: 8DCHIGJ8I>DC HIJEEAN HIDG:H

Q'><=]1 8DADG:9 B6H@>C< I6E: ;DG ?D>C>C< BJAI>EA: H=::1H ID<:I=:G
Q 7TA68@ :A:81G>86A I6E: ID 8G:61: A>C:H ;DG NDJG GD7DI ID ;DAADL

4.b. Powering Up Your 3pi
[=;>GHIECH>KRILGLESD APIHD>CH;: G 7611:G>:H
>CIB7611:6MNA9/BHD =>NDU>ALA:9DG:BDIK=!
+6QII:CIMDC YHDG>:CIGHMDMIC AACIDEAP>T 68 @
>SC=3HN=:CIDIGCDC2>1£="! G:BDWIRDJIJBH=DJA9
ADD@ A>@: I=: E>8I1JG: ID I=: G><=1

*C8I=76I11:BGHEAGRDRA=DBABIIGC IDIEHDH>I>DC
DKIGG: 6| |:6INAqBGDHIGE8B6A: =:69EGLCD:H
>CID 6 8DGG:HEDC9>C< ;:B6A: HD8@: |

):MIEJH=EDL7GIIDED8@DITFA: H>D:]=GC:d6I11:GN
E6S8@MICGONDIBEADH=DHAO=ILODDAEDL!:GHDC

1= JC9:GIxI%F: EX-A><6CO=: EH=DJIJA9>®JC C>ICK
EG:ADBRBEGD<GbB6E>BEAN=EDL7GIIBE6>C
IDJAEED;6CRDI6EIH=G:H:JIIDAD8®IIBAIADL

I=: EDL:G 7JIIDC ID G:H:lI I=: EGD<G6B I=: GD7DI >H GJCC>C«<

4.c.Using the Preloaded Demo Program
ADJES8DBHG:ADBOIBEGD<IGEGB:BDCH IBBIDI IH61JGAHAAMNDHD : HESPHDG @ >C<
8DGG:BftANDJ>GHGEANDIE>NDU>AAG6G7 . . BCB:1=LDGYHDAEAD7DIW: ¥ :BD
+GD<CEEWEG9>8648BIGGICCI=®@<BEGD<GHMDI:667::FIPDCDH: 6CNMDC=:

' NDB6N::9D69?JHBDCIE®OHICI>DBEEECI:GB3#9:7D6QR&:U=EGD<GHEBI6GI:9
HIJ88:HHEGAKN 7JIIDEGDS8ID*=B6>E:CHG:HBG IDH8GDACA ®&P 8 @ LIEGD I<=

B:CJ 6C9 EG:HH ID B6@: 6 H:A:8I>DC DG ID :M>1 DC: D; I=: 9:BDH /[/=:G: 6
Battery: /=>8:BD>HEASRG | . EDAISB>AA>KDATHED FJAO7TDK: 1DALBD 6
i JAAN 83460 Z®|:G2BDK>GLIBEB6GCG@:9 L>AAE6GET6I11:GKMNAIB6HIJG:B:CI
8>G8J>| ;GDB I=: 6C6AD< >CEJI 86JH>C< |I=: CJB7:G 9>HEAG6N:9 ID 9GDE

LEDs: A>CI@B8:8C9G:JH:'GHDC=JC9:CB*87D6GNDI6KHDA9>@ODEI>DC6A
JH:G ' H I=:N L>AA 6AHD 7A>C@

Trimpot: >HEAIGNEDH>D3IBEUH: IG>BED :CI>DB=E&HAD86D:O®=JCo:GIP:ES:
7TD6GHCIBT77GIL::C6C9 2=>P>HEAGNKREAI-OHBBAHB>C@HHG6CRBAGNH
CDL=DHG:FJ:CGBNJC8IPDEBIGCGGCECHIP>H6H>IBIIGCIE:IG>BEBD+*EBB ;A6 =:69
H8G:L9G>K:G

Sensors: . =DU=8JGCCHI>TKkH-H: CHDHHEXKE GG 6 E=<<76G BH6 A DLGG;A:816C8:
+A686E<SA:8D¥RIBISGHDISCIGODEXD |=H: CHD@BIH=8DGCGG: HE®:.GIFMBEGDE
K>HDUANGOE=—HBBAKNDHEXOWRHCI9>B6a1JIIDEGHEIC;;:8IUEGHCH=-$-:B>I1:GH
L>AAIJGCGMM9$CCIRADE=8DCIO>1LBEGDBC>=ERB6CI . HB6BDA>GCBIMBAI=H:CHDGH
H=D BABJEC>T:AGB8 @ 9>C4%D;-:BDK>ELIJBEB6GC@:99>H6 B3R MHMBIDAB>11:GH
86JH>C< |I=:B ID 6 AL6NH 7: DC

Motors: #DACDLCDGIDGIIGBDID@&=8DGG:HEDXCDESORDLTDIAIIIDICHITD | =
BDIDHGHBJAIG6C/D:BIDANGHK G 69IGARKCHE:: 90 DDGEEGCGD<QBBEHEL>1&E=BC
BIJ8BDGIJI99:CARNDGIDHL>II&E8D GG :HEDXIDEER K:GH7JIIBCIITGBDBABL:G86H:
>, EG:HH>C< >| L>AA 9G>K: I=: 8DGG:HEDC9>C< BDIDG >C G:K:GH:

":11>C< .16GI:9 L>1= 4DJG E> -D7DI +6<: D;
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Music: +A66IBBO96EI6D¥C 68=Y}IkJ>C (>C0OBB>8GD8D E6GCEI>AABGANB8GDBAA>C<
[:MI 9>HEAG6N /=>H 9:BDCHIG6I:H I=: 67>A>IN D; I=: E> ID EA6N BJH>8 >(

Timer: H>BHEHADELG6H&sHHH I6® IDEHIDELGIB*IDG:H/+:HIDELBIBEGI>0CD:H
8DJCI L=>A: NDJ 6G: :MEADG>C< |=: DI=:G 9:BDH

/=:HDJBBY9DIG-9:BIEGD<SBB88A1%:19—=+DADIAJ '>7 G®GH8 G > Be&ion ;1:G
IODLCADGBZHICE 68 @=L>x<7ABXENAI=9:BIEGD<G®G®:; DJCA=: D A exafdples\3pi-demo-

program

4.d.Included Accessories

/= ESDMHE>IEHH. O=GDJ<=G=DAt6CBLO=GDJ<=
=DAG:!CH /=:G86GBDCC:8HBDbMB-GDEI>DCHA
DODJIJBEDCC:MD=EDL7@IIDEEC9>B6IC=:E>BC
6CHOLDIH:G 8DCIGDAAABIG:;;GD:@kD;I=GD7DI
OH>Cx<H: H>BDBEA DRAINDBHEAEL>AACSI2DITI
;>CL>1=D&:B4DJ86 BJHIDBNDIG >/ N8 =D D HNCKG
9:H>6DB7>CPIGDBECY9G:!CH DGED36 CK: G Hyour
own LEDSs [http://iwww.pololu.com/catalog/category20] >;NDIL6CBDG':
8DADG 7G><=IC:HH DEI>DCH

)DI1=6NDH=D DAOABNY H>NDEGEDB;DGHI¥AMA:G>C<
6CBDH=DJIB@BE6GDEKDSHDAOEERC<8DBEDC:CIH

C:6lG1=GDJ<= =DE%69H H6GEDA6 G+M:FPJGCHD A=E1J8=6EADCA:638D CC1{8lIH:
E6B6GA A=+ DANDHDAC=B CIDI6EG:HH=;BIEAGBCY=:81@B6 @HtJ G=:NK><6H
:ME:81:9 *C8: HDA9:G:9 >C EA68: 86G:;JAAN IG>B D;; I=: :M8:HH EDGI>DC

4DJEBAHB>EHFGH=DGIAO®@8GB88D ADAIG: N: AADAG 3@>Bl: 6 ONDI6 €J H I D B-BQ.G
E> 7N H:A:81>C< |=: H=DGI>C< 7TAD8@ 8DADG NDJ BDHI EG:;:G DG NDJ 86«

":11>C< .16GI:9 L>1= 4DJG E> -D7DI +6<: D;
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5. How Your 3pi Works

5.a.Batteries

Introduction to Batteries

/=:EDLHENHIDBI=: EX:<>CHI+=:7611:GHDH>EBEDGIID C |

JCO:GHiPOBD JGI1:AD B8 @761 :&INC |6658BH5 : ; BOACNGDAA:9
8=:B>G6ASII=BECIAAHS I GICGBIB EDH>I>KGB>03EAIH=:H
|=:BDJD;I=:C:<61>Kl:: GB>C%6:/8B D HID BB DK E> H=alkaline

battery L=>8H6HD®MG G:68I120L::0>68B6C<60d=GD b<=

EDI6GHHN9E DH/D>AJ FXBGA @ 6763 C HBSBHDBEA A>AB=6G<:9

I=:86CCDG:JH!DG=:E>L: G:8DBBGCO8=6G<C6BA:A B:I6A

=NO9GY9(# 7611:CL=HBBT:G:8=60KIDK:G(#7611:G>:H

6GZ6HDIBO>; ;. B B>66A3 | >XDDBA @ 6/ C.GAPINDIDCY I
C::9D@CBCNI=6TM4HB8=:B>80A+AIH67611:GKNGNINDA<
C.:9D@CBI/D3IPB:6HIG>96;:LH>BEAB7:GH;>GHHE:
HIG:.Q=llE=>8=:A: 8 GBEHH=LSE>8=B:6 HPGEEDALHI=: Two rechargeable AAA Ni-MH
JC>DHA:8IEDB:CIEeA(#7611:60MBKDAIB®7DII 1 /D batteries.
JC9:GHHPBIBSEDLNDI6E:DIDH7611:ENFAIED: 9D@ CD L
=DB6CM:8IABTHIIESONEIH=E:8DTUg>HH-:A:8I&EPBCGBCAHIGCEBEH 8JGACLCI
8D G G : HIBE®TIH :A:8IGBDHPOBCH>8CH9CO=DI=:68H:8DCH>SHIH=I<CIB7:G
=61 Y6H>D® A@DIPIBC.:GEDHFBEH >BAHAIMINE>8FAG=GAB:9>JB HBMIBS<IHHC9
>IYH 6 8JGG:Cl I=61 L>AA EJI 6 H><C>;>86CI| HIG6>C DC HBG6AA 7611:G>

'DGCHNG6II:GNDGII:BEHEPGEBD G CBDBIGGILKDAIBGDOINS76I11'IGGNMGDEK:CIJ6AAN
O9GDEEBABLOGNDD: BD=H=BGG8JIGIGILIIGCA=-GINDENDIDCCDEH>9>G :8DADI=:G
L>I6l=>8@CG:DCNAIN>H:L>B><BK:GH5EB:A6CHO=7611:&ENIAVEADS:;DAADLGGCGE=
H=DLH 6 <DD9 BD9:A D; =DL I=: KDAI6<: DC 6 INE>86A 76II:GN 9GDEH 6H I=

Battery voltage vs. current.

/=:power EJDJITN676I11:SBI:6HIGNBIAI>EANKTCAINI=6BEK>K6B<6HIJG:B WAl
IDGME6BEALI=ED>HGC@® <G6E=-=6KEKDAIbB<: 16CB8IJGAECI =>4 6 ClH 6ll=:
EDLDGIEH 2 $NDU6CBDE&DL:NDQ::90698DGF611:GChB:=: GG LD 6 NIHED D> parallel

6 C2ries8DC;><JGCHH>MEH: BGED CC:&IED G 6 AALAANAI =: E® H >II:EKB > C6:Mbi< : | $:00
6 ANl =:XGC<6IPIKGB>CoM<: |4 CKDAIGK6NFHE6B7IJI=B6M>BIBC D TIEIBIAI>EMAN>:9
I=CJIJB7D&G611:G2=HI=:RGEDCC:&IBQG+L HEEDH>IXXB>TPBASDCC:8DOC:<61>K:
I:GB>TBAC . MII=B6M>BIBGC HIBINNFHGE6BL=>A=KDAIB3IAI>EA»=HEN=B6M>BEHBL:G
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DIJIHHABIAI>EA=QCIB7/D@6I|:G=HE@DUULCE : D BIA>ICEr J8 @M 6 | ;& DA 6 @D
=><=<xGDJK|= NI6COMD68BPI=GDGC @EBGCO6AA:M>AMB7ADA>SIALE6I:IB=H6B=:><=|
6H:;DE=>8:A>KIE>8x6BDICL6I:6DCDI=BHI6JEF>BRBEDI=IG:R6CDA@<:1=:G
>C H:G>:H ID A>;l I=: L61:G IL>8: 6H =><= 7JI1 61 I=: H6B: G6l: 6H 6 H>C<A

$EGCE8IADCARNCCIBINI:CEHGY=HHA:86IH>;;: Gr€lll : > HA L 6NGKH A><EFHIANG:CI
KDAIG6&CHE |=:G8DCC :&IESGC6 AAHAGDCEIGGNYAA>RIGADLFL:6 @76I1:GBIHI>C<
EDL:&:C=:C=:GEBDI=>C=8>C8I>IL6CBDBIGCGCLCA6CHT><<T:&I:G>:H

6C9 7611:G>:H D; I=: H6B: INE: 6 AA =6K: I=: H6B: KDAI6<: 7JI I=:N 86C EJI

/=:1DI6BDJD¢nergy>GCRG6II:SA>B>1N=8=:B>&6A8IDLE=-8=:B>8BRM=6IHE9
7611'GNHMADEGD9JBBCYG>HOEE <GB 9J6AKRNAIGEBIGCEGDIIANT 611:IGNKHA:69>AN
9GDE JCI>A |I=: :C:G<N GJCH DJI 6H H=DLC >C I=: <G6E= 7:ADL

Battery voltage vs. time.

GDIJB5HIG=6BDJCIC:GHNDG®7 611 5dN>K7C IBI>AA>6BB #DCGI>G>8+E:8>;>:H
=DIADC=7611:GNABBIIE<>KO9CH8=66HK=:B # G6I1>WH=9>H8=66BIAI>E/A=DIADC<
I=7611:GNH¥INDI9G68ICXHIEGG6D,; B 6CPh=7611:G0NHDHG=DJGIBDUDJIAB% AA

B # 76l11:6ND9>H8=b6CGH6B7Z6I11:6GIN B NDUDJA9I67DBICCDJIEDE:G6I=DIC:K: G
7611:GN 86E68>IN I:C9H ID 9:8A>C: L>1= ;6HI:G 9>H8=6G<: G61:H HD NDJ B>

i Note: $NDI6KEIG8=6KHE8S6G 7:6MAGDB4: EXNDH=DJARBN6A=<:B :;DED;>GHI
i JHI=:BADH=DTAB6GI:BEEGD <GB BE>>IH6 || : G966 >CGE 8=6 GR H>ERXL: G
{ 9JG>C< EGD<G pBrBianentlygiBabeNDJIG E>

5.b. Power management
61:KDAIBeDEH7611:BGHH:YE7IJB6CM : 8|1 GBBBEAD CGCHHEIBE : 8 K,DBI6E<HE:8>6A
@ >0 8 DBEDS6@lavdkageregulator =: APHTNDCK: G+¥E@ kI :KGINA 116388 D C H KB I8 >KBD:A16 < :
! DBADCx<B: 1=6H.:C=BDHDBBBC<JAKRDAIBH:90><>P6RIGDE=>MWABBOAAI'IA KA
/=:B>8GD8DCGUBDAAIEE8>GCG8PIPMGCGRPDE:GHI:1 HEDAIGKKIAGIEHDHC. CI1=6@68 GI:.L D

76 H>8 INE:H D; KDAI6<: G:<JAG6IDGH

QLinear G:<JAQIHEH+BEAO768@0G3DKR6GINMIBIB=C:GExH6HH=GD&6HLSDIBI8=H
9>H866GH:Q:<JABETD® BABPLDGIEKDAIBMEIBESICC::9®: G¢<¢N>H6HI:;3@:;;>8>:Cl|
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6EEG BGIEAH CCEIAEDBED >8DBEEA>8b4d 64B6&HA 6 CO<;;:GTCBL::IG>CEGC9
DIJIEKDAIGXGEHGEEA>8HEM EBHEASM 8IGGIEEM6BEAL 7611:GHJASDOID 1
L>IGA>CGEGIALIAB®HD 1=PDG9++rG:CxXBEA>CGCEGIAHIDE :GENDB=HHB>C:6G
G:<JAG6IDGH D;I:C C::9 A6G<: =:61 H>C@H 6C9 I=:N <:C:G6AAN 9DCYI LDG

QSwitching G:<JAGIDEBLIBBECD;616=><E6:FJ:C8NI:G=>TCXIEIDEGD9GIBI6 HAJEEAN
611=9:H>BPAIGNB86G:;AANG:Bi2EABD,; A:8IGH BN CGEGIABOETGIBIZBDG:

5, >83-GIK>CGEGIAGIHEG B> ®BAAAN= 8JIEEEALAYS6ECABGET6CxB®DAIGAHBL>18=>C<
G: <JABEBHIC KABKDAIGCED<KDBAI6<@:8DBED OBHL >85> € 3ABHB@Iuctor
L=>8HDGCHG&NBBDDDIBIGGDAEF:E=>C9)SIB-GGCFADBDBIGT7T6RBHAEG7:A:9
V. W9 :H@3DBEJEDI HIEBANMB:HL>I8E€IAED@HG D I=<K:CGIC=768MNDJG
8DBEJCABDDHEEOIDCI| HEGCERSIGBDPDA=>8RQEE>GLG6EEM®ED >TO9=6I1I¥C9J8IDG

/=: EDL:G B6C6<:B:ClI HIJ7HNHI:B 7J>Al >CID I=: E> >H H=DLC >C I=>H 7AD¢

I=:KDAIb&M 8:ARGREGNIL::C T 1 6CK:CD1>A@6ACEHHY=>B:6CHYHI
EDHHEYBEBON.<JAGSIKDAISEDGDLID<:1 1 $CHI>6®=: E6HL>18GC€ A G®ID Hi H

7611 IGNATHE D 1 17DDBCOA>CGCEGIAGIBGABTIODMBIBID LID 1 1 17DDEOL:GH

I=: BDIDGH 6C9 I=: $-' H >C I=: A>C: H:CHDGH L=>A:1 >H JH:9 ;DG I=: B

OH>C%DDPIGBDIDEH : CHDOXXHH: E*=GIC>FHJ:G;DC BOBGHCIbK: B E>BBDADEH 8=
JH: 7611:GN EDL:G 9>G:8lAN

QI>GEH><KBAIB<cBDE&DL;CIGBDIDIGH=BIFJI>BDGYI G &G:CA 6 GEDED G >K: G

Q.:8DCH>A8KDAISK:<IJAG+BDIDIGHSAIG HE6BHE: 8H=7611: @ BEGDB 9D LIKD
1 4DB6CE @IOKE6CEI<=IH . EGCGD<G6BBIGEZDAOME6BEMANG6A>T7 G6 IPICE&® HDXC
I=: 6BDJCI D; I>B: I=61 > I6@:H

Q/=>@9 1 6AAKD|=%-'" H86TEDL:GE@:GHIHAEF:BDCHIBADLBOHHSBRJICI
D; EDL:G )DI: I=61 NDJ 86C HL>I8=1=:"' H DC 6C9 D;; ID H6K: :K:C BDG:

*CDI=>@|:G:HH>G%¥DIHEBDLHNHBMEB-6ICHID&G 69J6 AGCD-JD<ED L AG @D H5ID 7 D3 H
E2>AEk :G&EB6M>BEBG;DGREECBAII9: HANH,/=>86C6 N.DINHIGEEGBBHB><EB6CI
NDJG E> ID BDC>IDG >IH 7611:GN KDAI6<:
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H>BBAGS8DBDC>ID/GFICIKGDNAIBRI>ACD=EXY=G.G:H>HIDGH
H=DPBPC=8>GC®IGHI<EDBEGKBAI®x<K>IFBIIESKDAIGI6A
IDILD 1=>DGIFH/ 61| ENAIG<>8=>ASAL6NHG6;:AMDEBG6>C
B>8GD8DCBGEMABIBSWICEKIDAIbD&:1 'DGM6BEA67611:GN
KDAIB&: 1 1=7611:IGINAIBBC>EDG| L>AAI6BA:KDA 1
OH>C<7IC6 AD< IDBPDEK>CIA>DA >16 . 6K 6 AD;
1>6:6606K6AD; /D8DCKA8I@=681JBA | [ IGDNAIBIAI>EAN
1=>CHIB77CI Bl1] 6C9>K¥N /[=>HH6CO9BDXCK:C>:ICIAN
| =read_battery_millivolts() ;JCB8ISEEDK>C=9DADIAJ>7TGEGN
Section6.a ;DBDGC;DGB6U=D&K:.G6KUGHE6BEACE:IJGEH
7611:GN KDAI6<: >C B1

unsigned int read_battery_millivolts()

return readAverage(6,10)*5000L*3/2/1023;

5.c.Motors and Gearboxes

BDIDEB68=4€E6BDCK:GI8IGE8GAIBDI|I>DCGEGB6CN
9>:;:G@CIOBBDIDGHI = BDHIBEDGIB&EDL 8GBT7D+H&H
brushedDC motor L=>8=H=:INEXH:Dd=: E> 7GJH=:9BDIDG
INE>866MEASB6BEXICDO@=DJIIH&EGH :K: G%6:/81G D B 68 A+H8
BDIJCIDEZ=BDIBIG6HAIGB6IIGVT7GCIHGCCHAM>E>C8DIB:I16A
I=6HL>NI&EDL;GDBCSDEDA=C:MH=H=6JGBB=B6<C:1>8
611G68N13ADCIGG8DBADP=B6<CHBICI|>CIHDIAIABDIDG=:
H6B: 9>G:81>DC

/=:EG>BK&A =H0: H 8 @SU:.C CBIB G IHE::B:6HJ G ®EB

6CSIHDGFB:6HIGC®@<ZBB®OZEGDCDYDY®8: >CB=:HW
JC>IHDOGH=DE9:E:C9:D@DIHGCBCI>HI618GM 6B EA :
BDIDEGHGDOIDEDIOGCBBLEGDWI®IGB; DAL>16 >C8=
A:K6GBDQA>16 >CA=KBEBDOJAI>EANTGEGHBILBE::9
B:6HJGHNE HE6BI>B<>KIH=EDLSGA>K706BDIDXG H::

I=:G:;DG: I=61 6 BDIDG L>I=1L>8: I=: HE::9 6C9 =6A; I=: IDGFJ:

A typical small brushed DC
motor, with no gearbox.

DGEDGG6I>]

6H 6CDI=:G

K:GBWD I66B6M>BHAB:: 2= CDDG8B8HEEABC®B6M>BUBGFL=:C=BDID@DBEA:I:AN
HIDEE29 86 AA: H =free-runningspeed 6 C B=stall torque )61JG6ARMNI DE I A:681G G €.ICD
 DGBBEEABD®BCPE=8IGCGE@E6LGDIB 761G AE]CI>KI 6 AADHfree-runningcurrent 6 Csfall
current 6GBABHBEDCH6GEB:8=6B68I:IG-BINOE:HI68AIG G IKHIEBAN-><d=GIG;G::

GJCC>C< 8JGG:ClI 6H H=DLC >C I=: <G6E= 7:ADL
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Motor operation: current and speed vs. torque.

/=:;G:: GJCHECB6 HB6AABDIDGWWHI6BANN-DJIHGO9H
GDIGIEDEHCIIGEBJ8=>d=6IGHE: 19 L6ClI=L=::AH6

G D 7D G Cgearbox>EHNHDRE:6 GH8DCKIGk <= HBDS®
IDGBUIENI=BDIDG6BDL:G HE<$:GC IDIBHIFGIBEBI8=
711K > D66 >KeEX7D1:<:6G61XHD:DC=: E>H L=>8=
B:6AHGDX:GNIJGDH-BDIBIG6L+DJIEH+6JIGBEE=>H
G:9J8sHHE:79\6;68IDG 6C>9:6 ARNGIGFHDGHFN;68I1DG

D; /=: G:HJAI>C< E6G6B:I:GH D; I=: E> BDIDGH 6G: HIBB6G>0:9 >C I=>H
Gear ratio:
Free-running speed: GEB The 30:1 gearmotor used on the
Free-running current: B 3pi.
Stall torque: DOzZ>C
Stall current: B

/[=:ILOL=::AH=:E>68=6KEG69IBPIJH >A=>B=6CIH6IEFB6M>B;JBG8B6 EGD9I8BLH. D
BDIDIGH® G > K, DG &GP DO=: Ex:><86AMDJDQ>I%611:GEHDHE:BDIDEEHI IGDC<
CDJKMASIA. EIBBK:GIH3GEEB88: Al IL>8=688:A:CHXEIBE N6 8IIBAG;DGB6CS:
SA>B>TND=;G>8DD-U>GDHBEHI . :ECDJHADE: L= ABAAZEDG:. NI6GIAEG 68 II=&H
=6EE:CH L=:C I=: HADE: >H 6GDJC?9 P

Driving a motor with speed and direction control

*C:C>8x>6%D61 BDIDE=-6NDZ68=6CI<:9>G:8DDI06NBC>I18+>ERAGI=IBIEEA>:9
KDAIGNDI6KEAD D! | :GEMNBDIDNDI6E:1=>BSDIJGHNB\G @ B8ODCC:8DTLEMNCP=:C
JGCP=Cr611:&DIE6 @=BDIBE>G:K:GHEDJGHID CLGICIE @=7611: @JIIHNN D IB>
6CB:K:GHBK:GNB>C::9IHD768IT>CHIGIPE: 86656 C<DBDCIML>I886HAAE 7G>9<:
6AADLH I=: BDIDG ID HE>C :>1=:G 768@L6G9H DG ;DGL6G9H #:G: >H 6 9>6+<
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"J>9:

R T +DADAJ

DGEDGG6I>]

$HL>18=6896 GBADHB:CIEG81J&IGC GADILHGDI=<BDIDGDA: |IDG><6CB=BDIMPE&>CH
 DGLE6BDHHC=I8=6B986JHABIGCADCIK:CGHG:86EMEBDIDMBHE¥GCG8@L6EGO 7G>9<:
86C:8DCHIGLS8BIB98=6CHEGASZFIBDHID 7DICBAJIO=>ELIHIG6CH*BHDAB=8JG G:CI
tA:8IGDC/=88 AN 9DGDIBDIDBCEE: ESGEAAI>ACBMH>CBRIDG >B=GIE /
6CBDJIEED DIH-B6>E>8GD8DOIEKBIEFMH G> 1 8l=GID I<8BH>E G>HI6 7TAN=DL=0{DJIIEJI

N

EDGIH + 6C9 + DC I=: B>8GD8DCIGDAA:G 8DCIGDA I=: IG6CH>HIDGH D; B
PD5 PD6 1 2 3 4 M1

D;; D;; D;; D;; D;; 8D6HI

D;; DC DC ©D;; :;DGL6G)9

DC D;; D;; DC G:K:GH:

D;; D;; DC DC D;; 7G6@:
(DIDG ( >H 8DCIGDAA:9 |I=GDJ<=1=: H6B: AD<>8 7N EDGIH + 6C9 +
PD3 PB3 1 2 3 4 M2

D;; D,;; D;; D;; D,;; 8D6HI

D;; DC DC ©D;; ;DGL6G)9

DC D;; D;; DC G:K:GH;

D;; D;; DC DC D;; 7G6@:
#DL 4DJG E> 2DG@H +6<: D;
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LE.:BDCIGIDEA=>KNSGG6EHDIANE8+¥=8B8BIDG
7:1L::CLDHI6I>B=:167AJEEDIH:@::E
=><3$6|] 1 6ABBASAD<NEMCSF6Kt+
6AI:GEBIBB@AN:EDL1DE WCE></=:
BDIDXGE >HXGARAL>18=IL::C=:V ;DG L 66GCRBW
VICG6@IONBIH¥C&DIJGOGL®®IS:9J8:9
HE::!'DGM6BEA: >H>4dED=>®J4HI>B 6
dutycycle 1=:C L>AAGGIGEEGDM>B6I1:AN
D>IHHAHARE::9>C8=BDIK®AI&#:H:GB:;H
EJAHD:K6EGNEXOHE=>BtI=D®HE::®D CISH A
86 AKJAH: IB@IIA6HZIC C:M6BHAG>:H
D#2( EJABHEDBEC=<G6E&EIE><6H=H>D;
I=.EJA19:8G:6i5: B 9JIBIN8S8ADLID
I=: BDIDG HE::9 9:8G:6H:H ;GDB ;JAA HE::9 9DLC ID 6 HIDE

$Ad=: E>HE::®DC IS A8 D B E APHH=BE : 8 > B\ speed control, showing gradual deceleration.

+2( DIJIEDIiIHEB6>E>8GD8D C+@HAACED : 9
ID=>Cl:GEBAHB - GCP>B:G=>B:6CHENDI68:I=+2( 9JI8INS8A]l=1LIBDIDIEEEC9

I=: =6G9L6G: L>AA 8DCI>CJ: ID EGD9J8: I=: +2( H><C6A >C I=: 768@<GDJC

/= set_motors() ;JC81>DLC+DADIAJ >7G6IB8ection6.a ; DBED G:C;DGBAILINEDE :I=9JI8IN8A:
6COIH:H7HG:8>HAKO®OAD; 8DGG:HIBEDCOMHI I8INS8ADGMG6B EIAX:I DE 6C9 DC
( NDJ LDJA9 86AA

set_motors(171,84);

/ID<:BHADRAANG: 6 H2CH:FJ:. @& @DCH=DbEC=<G6EDUDILI: 90 GAHADDENG69IJ6AAN
9:8G:6H:H I=: BDIDG HE::9 DK:G |I>B:

Turning with a differential drive

/= Ex6BCC9:E:CRDCBGR=::BC68H>9:=>8€67A811=D®AD 8D B BlcADAE&ential

drive $PIBAKEDCDGIBVI6Q@>KNISE>HDI616Ca > K:HEDBEA JCANGH | :GHE K IDB
6JIDBDZ=AJH 6H>CIX@B>BDIBGHI::GBGMAICI::AHGCLCK9>;;:G:CEG>3B88DBEA>H=:9
7NGJCCI=AkDBDIDBI>;;:GHE!: B =EG:KzdDddtbrs) :MEBEIAA:U=::A>AESEHI:G
1=6IC G><FG>K=GD7DGL6GBO=G></=119>;;:G>@BE::9H:GB=O:H=6IGEJGC AA
6CHE>CEEQ6B6C:688DBEAPNGIOCOCED IDBGLEGCOCT68@ LE>IC CSEHE:8>6AAN
;;:81>K: B6C:JK:G ;DG 6 GDJC9 GD7DI 6C9 NDJ LDCYI| =6K: ID LDGGN 67DJ
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The 3pi demonstrating the effects of various motor
settings.

5.d. Digital inputs and sensors

/=:B>8GD8DGEGIGEAMNBB=: EXCIB:Al- B:<6 DB:<6 =6BCJB7DCE>CH>86C:
8DC;><6)E>9>I6BIJFHNGG:6PMNDEGD<E&HBD6G 9:E:CIDC<:I=IEGKDAIBH><67DK:
67DJI 1 DG ADL #:G: >H I=: 8>G8J>I| ;DG DC: D; I=: EJH=7JI1IDC >CEJIH

) D G B 6 A=pNl-up resistor - @7G>Cx<KIDAIBE=>CEEI*I® 1 HDG:68HW 7JEG:HH=>:C<
7JIIBDCCI8HCHDEGDICOI=GD6<@:H>H+D&BJISADLIES6IGK6AD - /=>HG>CxH
>SCEKIDAIK<GWDIB:1 HD=E>C:686H 2>I=DFIEIJAAGIH>HIDGHIDIA9V,;ADGI>=CEW
I=7JIIDE@EDHG:-HABCHD=K6AG:6BDIAF;;: 870 H>KIMDBE=A>CCI:G;:GGCOB:6G7N
A8 G B6EBBEHC>HIAEY=ICDCEI6 KRG CE AID 6 XOCANTH6 Ko<D DD 6 HDC8=EJAA JE
G:H>BI@BHDGI®M®WGCC8ALSISEPC1l- TI=G:H>H*BSE>8IGGEG:H=CHE| . AN JE
CDI 6 9>H8G:I: E6GI DC I=: E> 8>G8J>1 7D6G9

BD&EDBEA>8B|DOG-9><>6E>HC=G:;A:81HCBHBP I+ H=8>G8DF: E>AH;IBDHI
G:;A:816C8: H.CHDG L=>8= >H 8DCC:81:9 ID E>C +
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/I=:H:CH>CB:DlIl=G:;A:8ICOBHMSE=DIDIG6KFDHTDE: A6M;0 L=>8HEDCC:&IC9
H:GE>H86E68>IDGH:E6BB®ICC:8A>@APEGGD B<H>HIDE>€ /=>8>GC8d@BBIK6CD5<:
I1=;68EFE9><>IGEDIjH:1- 86C:G:8DC ;> S<HSIEDICE;AN I><DSIAEBDG: HOKIHAI6<:
D; 1DG1 9:E:C9DC<:I=>GH:ID6 D6 TNNDEGD<GHB6NLDGEHAGEE>CHAI:GC61:AN
H:ID6 1 DJIEGICP=:69><>6EJH:86E68HIDB-IA<BED G &HI>=AIK >CEGI168H JCI>A
BDHDl=HIDB=6G<6HADLI9GDI<E=DIDIG6£H>HIMGE 8 >AAIIHHED.L PKDAIbL:
I=8B86E68ND\ADEGDEBMIH-6GADLHGDI=<E=DIDI|G 6 €CIS=IBI:IHQ AI>Cx6 BKI8 AD E>C

+ 7TAJ:

/=:G6D8IGGADI=GDI<E=DIDIG6LH>COBSA><AIKHD=6U=:C=GD7BK BT GC><=|
L=>HJG,;68K6AG:IJGCBI8BDGI>8@AR-:CPrBKBEFAGEB®G;68:1G6B=DBECDK6H
16 @LE:C=H:CHBB®C=:9<7:IL:: €& A6HB@G;686L=>DCTI=>H=63ADDA@BEIG=>I:

[=:A:CDO#>Bl=6lEF9><>6BHI6GBIH>KH :GIN=DGLI O KIG>I6CR.-GADC=: O K TA6 3@
; J C 8 Ireab) [@e_sensors() >C=+DADIAJ' >7TGHGENIBI=HDGW:H8G&67DRCEG:1JGLI#B; DG
:68=D; I=: ;> K: H:CHDGH #:G: >H 6 H>BEA>;>:9 K:GH>DC D; I=: 8D9: I=61 G
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time = 0;
last_time = TCNT2;
while (time < _maxValue)

/I Keep track of the total time.

/I This implicity casts the difference to unsigned char, so
/I we don't add negative values.

unsigned char delta_time = TCNT2 - last_time;

time += delta_time;

last_time += delta_time;

/I continue immediately if there is no change
if (PINC == last_c)
continue;

/I save the last observed values
last_c = PINC;

/I figure out which pins changed
for (i=0; i < _numSensors; i++)

if (sensor_values[i] == 0 && !(*_register][i] & _bitmask{i]))
sensor_values[i] = time;

}
}
[=>H>:®:;8D 9= HD J CI=: > Ac\PololuQTRSensors\PololuQTRSensors.cpp /[=:8DB6@IHDI>B:G
)1/ L=>84HHE:866A>HITG 1- I=6l:=6K8DC;><IDSDICESDCI>CIDABABN: K >EN

]JH 6H>88A8NL6>IEIDBDI=H:CHD-GBGIK KHASDICIPC=<: A6EH=B>C=K6G >tihd A:
$PHBEDGADBHEHGH:E6 KBIG>pDBE:AGEH=BH>A8:1>B/G/ E:G>DI9PD&KEAAMDAMEE>C<
768l@:GDEDZ: 1:816C&G6CHXABDBCDS DOCDI=H:CHO®H6HJ)B8EB8C<E=>CEEDGI
+$) 1=8DXV:I:GBAGHIFECHBE6C 6:06:8DIGIAH B> C=6 G Gebshr_values]i] i 1:G=1>B:
A>Bmatvalue >B:68=9>MH:ID 7N ;6 AC=EBDGG:HEIDCOHCI< ADDE9IBCB=1>B:
K6AJ:H 6G: G:1JGC:9

5.e.3pi Simplified Schematic Diagram
; JAA JC9:GHI6C9>C< D; =DL NDJG E> LDG@H 86CCDI 7: 68=>:K:9 L>1=DJI

#DL 4DJG E> 2DG@H +6<: D;
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#DL 4DJG E> 2DG@H +6<: D;



+DADAJ E> -D7DI OH:G H "J>9: R T +DADAJ DGEDGG6I>

4DBE6CDLCABD®BIK: GHDBDE:H 8 =: B Gidrefitp://www.pololu.com/file/ download/3pi_schematic.pdf?file_id=0J119]
(40K pdf)

#DL 4DJG E> 2DG@H +6<: D;


http://www.pololu.com/file/download/3pi_schematic.pdf?file_id=0J119
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6. Programming Your 3pi

/IDOBDA>INDIB*=6MEAID®@:BEGD<GO®OB>LA.ILEGD<SIEB>E=FI6E@MI:GAB6A

$ . +E G D < G 6HBIB35ED JUSB AVR programmer [http://mww.pololu.com/catalogproduct/1300] 4 D J;G GH IE=D JA 9
IDH:JENDEG D<G6MBBDGADRBHCH |16 AAGHIO CHINDEIRH>IGC<+ DADAJ 1- EGD<G6BB:G
EA:6H: HserOs Igdid@ttp://mww.pololu.com/docs/0J36]

)MNDU>LA:HD,;ILBK86B8DBENREGED<GERPE6CH:BDNDIJBEXK>8DE&GED<G6BB:G
G:8DBB:C9 NDJ 9DLCADG69 ILD HD;IL6G: E68@6<:H ;DG I=>H

WInAVR [http://winavr.sourceforge.net] 6 ;G:DE:C HOHIGB:9: K:ADEBDOHMH>=:1- ;6B>BN

B>8GD8DCIGDAA:GH >C8AJ9>C< I=: ")O " 8DBE>A:G ;DG

AVR Studio[http://www.atmel.com/avrstudio/] [IB:AY,B:>CIl:<G®IKIADEBCBEP>GDCS8:Cl=61
Col>K:AG@HZ2>C 1-Y8:" S8DBE>A:G IJ9>C8AJD-Hb.+H D ;| Lb=Gol>AAI
NDJ JEAD69 NDJG EGD<G6BH ID I=: E>

Note: ADB6GAHBGD<NBPBEIH>C< G9I>ED6CBCMI:GEGBGAEGD<G6BB3&H
DIJEG6C<INBH6CEGD<G6BBGE&E HIGJIBIGH-GHE G DBER =6HH:::D J &J > Programming
Orangutans and the 3pi Robot from the Arduino Environment [http:/imww.pololu.com/docs0J17] /=:G : B
I=>H <J>9: L>AA 7: 76H:9 DC 1- .1J9>D

IDBD&E:C:CGCE&MHIGIBIGPELE<+tDADAI) A>7TGBESEBHA - 76 H ®D 710D 6 GOCG8 A J'S>0C]M
>CHIBAAGI>DC >CHPolBluAVRITCH+ LibraryldserOs Guidghttp:/imww.pololu.com/docs/0320]

Warning: DCDAII:BEEGD<EBBE> > IH6 || : GGAHG 6 >[CGT 8 =6 GRE@I:I GBIDI=6GK<:
! BCR:LG:8=6G<f6MAGIAKNDGEDJ>GHI=:B 'DH>EBLGEGHZD<G6BBIAS
i permanently disableNDJG E>

6.a.Downloading and Installing the C/C++ Library

/I=:+DADAJ 1- '>7TCBGRM>H6HNDSDUDIHI=69K6C;8369]J®:NDJIB>=A>7G®AGEIND G
6AAI=:M6BEACH;DAADH>Z* DC®D B®CK:CAC8BDIBB DG HM6BE®RCH=9:BD
EGD<SHMBSALSIF=A>7GEOGNFE>CHI6ARAGD8IEH+ D ADIAJ '>7G N> £A:9

ID 9ODLCADG69 I=: A>7TG6GN O>E ;>A: 4DJ 86C Sectvd 3B; AGIAPI7IG:EEEN-DB:BY H=

*E:C=:O02EARCOA>N8 W | GGA8ADMWM | GIG8B+tDADIAJI' >7TGC6EA D >G:88BEMA>7TEDADABAAKGY
7:8G:61/9:6JIDB6ICHB |16 AAGHIGADHRADIAI ' >7TGCEEAEB=AD86DPNTHBGC &HIGEAAGI>D(
/=>H >H 9DC: isilaJC@D>>& YN DE:C>C< 6 8DBB6C9 EGDBEI 6C9 INE>C< VB6@

$; 1=: 6JIDB61>8 >CHI6AAGI>D C Selticn@.bll DNIEN 8B LI EHH®BS::MdBPEA: EGD<G6BH |

Note: /I DA:6BRG7DIH;JC8I>EHDADIAI>7TGH6GHEDILDHE=:BEA: &H1=Pololu
AVR Library Command Reference|http://www.pololu.com/docs/0J18]

+GD<G6BB>C< 4DJG E> +6<: D;


http://www.pololu.com/catalog/product/1300
http://www.pololu.com/docs/0J36
http://winavr.sourceforge.net/
http://www.atmel.com/avrstudio/
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J20
http://www.pololu.com/docs/0J20/3
http://www.pololu.com/docs/0J18
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Manual installation (optional: if the above instructions do not work)
:1:GB>C=:AD86IBDDNDIGKG <BA:$HC2>CIDLIEH:NL>APMIBGAANCE ;DAIHI8EH
C:\WinAVR-20080610\avr $C '>CIM I=: 6KG <88 ;>A:Hutvgsr: EGD767AN AD861:9 >C

$NDIIGCGCHIKNDAKSGHDDC-rDADIAJ' >7GCaNINJSGH IE=D JAIO : A:6 AN =DAOCB8AJ9:
;>A:H 6IBpBlolba:  ;>A: I1=61 NDJ >CHI6AA:9 EG:K>DJHAN

):M1 8D EGBIAB; | =:libpololu_atmegaxx8.a S>ASHC IDElib HJ79>G:BIDIGNEr 9>G:8ID &N
C:\WinAVR-20080610\avr\lib )DIi=8F:GHBARBD HJ79>C9HIGENANEBG6>2>C 19>G:8BFOGN
L>AA CDI L DofwiER_dtbegkdla =:G:

I>SC6RPEN::Cl»fou HJI7;DAGI1IBiInclude HJI7;DAS:6DADESBAPAHKED LAOL:ADS864C

avninclude\pololu

The Pololu AVR Library header files, installed correctly.

Note: | D ® D G>:C ; D G B & IA4:BHE::1 = Pololu AVR library userOgjuide http:/mww.pololu.com/docs0J20]
6 CPplolu AVR library command referencefhttp:/iwww.pololu.com/docs/0J18]

+GD<G6BB>C< 4DJG E> +6<: D;


http://www.pololu.com/docs/0J20
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6.b. Compiling a Simple Program

K:GN>BEABDEGD<GB®=: E>HK6>ABTA::; DA ®xdnples\atmega328p\simple-test DG
examples\atmegal68\simple-test >NDI6KEMA9IER>IEC/B:<6 $UH:6t:L76HBBB6COHEHB

I=: +DADAJ 1- '>7G6GN

#include <pololu/3pi.h>
int main()
print("Hello!);
play("L16 ceg>c");
while(1)
{

red_led(0);
green_led(1);
delay_ms(100);

red_led(1);
green_led(0);

delay_ms(100);
}

return O;

}

) 6 K> <l =simple-test ;DA DBI7A: BE= 8Xiple-test.aps 6CO-EGDM=8DDAACIIDBO6I>86AAN
>Cl- . 1J9>HD=DLPE<;>A6 @HIJGIDH:AISIK:GH=BCAEEGDEDGIEGAE>8GD8D OID AR : G
E> 6I1B:<6 E >; NDJG OI58200B6B €0GBFI:G >HAH: 61B:<6

+GD<G6BB>C< 4DJG E> +6<: D;
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AVR Studio showing the 3pi sample program.

/IDBDBEPASHGD<GIGB Biild > Build DEG:FH'DD @D G6 G C>8xH5 G D33P >8BNNAQ AAD L
6CHE.:9DIHMA=DJIE9*HEABMNMDPE;I=-EGD<GDBPBE}AIB8:HHIIBAMHGOKIJ>ANI88::9:9
L>I= 26GC>CdHPEE:6A=::CO9D;I=:DIIEBICD ;> Aesthex L>AKT7::C8G: 61> =:
examples\atmegaxx8\simple-test\default :DA9:G

+GD<G6BB>C< 4DJG E> +6<: D;
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AVR Studio build window, compiling the example project.

DCC:MDEGD<GO6IBDERD@B®BEJIGOPDI=$.tEDBINDIBE>6CBICGEC=: E>EBLAEG:HH>C<
[=7J11B6G7:A*2 - $NDIGIH>G<+tDAPBBC<HBD<G6BB<G:HI6I'JH 8ADIE:=0.
8DCC:8IDG H=DJA9 7: DC L=>A:1=: DI=:G ILD " H H=DJA9 7: D;; >C9>861>C

Warning: DCD6|II:BEIIEGD<IEBIBBB>>IT—I6II:CB:GQJ-G6>ID3($938:6G&6@I:J(BI:D:6G§<:
| BCR:LG:8=6G<Ff6MAGIARNDGEDJ>GHHI=:B 'DH>EBL:93]G>EI¥D<G63@|§
{ permanently disableNDJG E>

Note: 4D JBG D <G 6BEHG>CHI DG 78| BBDIH> IS NDEGIH>G<+DADAJ 1- |
EGD<G6BB:G Eusefls guitiettp:hinl.pololu.com/docs/0J36] ; DG >CHIBAA61>DC >CHIGJI8I>DC

+GD<G6BB>C< 4DJG E> +6<: D;


http://www.pololu.com/docs/0J36
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Pololu 3pi robot with an Orangutan USB programmer connected to its ISP port.

.. A:8dols > Program AVR > Connect IDSDCCIBFEGD<G6BBGEE+DAMAJ 1- EGD<G6MBB:G
*G6C<DB6EGD<GOH6BBG6INEI>DEHE& DGL-$.+WCY JILHEDIJASCHBA>®@C:8I
6C9 I=: 1-$.+ EGD<G6BB>C< L>C9DL H=DJA9 6EE:6G

4DL>AKN:1-$.+IDADtsthex >CIB;A6BBDOGMNDJIEYDOD=>HASN8 @W=1A6H=816IC0O
H:A:;&lsthex |=6U6IBDBE>AMPAPDGI=6NDI6K D >CIBIK><BND EG D B>8G:8)IDESIA>8 @
V+GD<G6BW >C |I=: TA6H= H:8I>DC 6C9 I=: I:HI 8D9: H=DJA9 7: AD69:9 DCIC

+GD<G6BB>C< 4DJG E> +6<: D;
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Programming the 3pi from AVR Studio.

$NDIB*6HI88:HHE,GRASG6BBP=-DFAGECH=0GCH:1=B:HHOK:: AADTW 6 CDPb=:

' HDC=7D6BSDIASE®DI:6IGIICBCH: I=A><AABH=PIDI=6EE: ®@H ' B6@:
HIJG=6F" >EDGGCEAANCD=: EX6CBGHNI?IHI=ERBCIGHHIG<HBG6RMRI:CI|>DBCFE:G
JC9:GH>9: D; I=: E> 8ADH:HI ID I=: 76 AA 86HI:G

+GD<G6BB>C< 4DJG E> +6<: D;
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7. Example Project #1: Line Following

7.a.About Line Following
)DLI=6NDI6KA:6GEDADMBDBEGA>BEAD<G6B
DG E>IYHBID :68NDIBZD7IDHDB: I =BCG:
S8DBEA>$EG@EAMNMG6BEAD 2LSMANADNDIDLULD
B6@GNDJIJE>DAADIAGBRED BGL=>68@<GDNC?9
8DDGO>EIHCHOCBDIDGK;DAADEEECGE: 6|
>CIGD9JI89GDMED<GCG6BBCEIB6@ 6HG: 6|
S8DCIHYGHIN J>80>C: ;D ARADIGIKES J A.E:
H>BERC9:GH6E®ICHHE6GBEGD<EB BE*D
'DAADA>CEI>B>ODOEGD<GIBEB @NDJE >
ODDBLGA>G==><=HHEII ODDHH=DA: K>G

6 8=6AAIGEB6CCIGDNIBIDHDB69K6CS8:9
EGD<G6BB>C< 8DCS8:EIH

<G:ADD@>CxXAADEDCB®AT:8DCHIG D& :9
LODAAGBBIEA=DIGIHDBIDGC;DGBBC>DC Pololu 3pi robot on a 3/4" black line.
7J>ANMCEG G DJGHH:DJE@ | D @=8uAding Line
Following and Line Maze Courseshttp://www.pololu.com/docs/0J22]

7.b. A Simple Line-Following Algorithm for 3pi
H>BEA: A>C: ;DAADL>C< EGD<GG6B ;D Gxdmples\almegaxxBl3plike®roet 7A: >C I=: ;DA9:C

Note: C G9J>CD 8DHKKEGIHBRE>HH6BERRAGD<G86B: 9D L CADGKE 6 ®I;| = Pololu
Arduino Libraries [http://www.pololu.com/docs/0J17] H Section 5.9

/I=:HDJGBX:BDCHIGKBACHD PN ;;:G: €I ®:H: E>C8AJIC<d:CHBBH)GH 7611:GN
KDAI6<: BDC>IDG 6C9 7JO0O:G /=: EGD<G6B =6H ILD E=6H:H

/=:;>CEI6B;=EGD<SBB>C>|>6AC8H A DTEGIGHE>SH 6 C I AN=;JC 8 lintdidize()
[=>HC8I>BEAR®KI=7:<>C Oy Emain() ; JCB8I¥DOGCNI=ACK6EE €CI®I6 @8 6I®:] =
;DAADL>C< HI:EH

6 A A pdbku_3pi_init IDH:DEl=: ESL>1£=:H:CHBB:DHIID [ JH JH/=>H
B:60HBEH:CHBGLHKAGEDBSDBEALI=AND SDBEA7IAABL@: &K 6AD;
>C9>861:H I1=61 I=: H:CHDGYH 86E68>IDG IDD@ 61 A:6HI JH ID 9>H8=6G+<

>SHEAGIN>TEB4 | : KDA I 6<tJ GTNISread_battery millivolts(); JC 8 180>+ BE D GIIDBMIC > 1D G
7611:EDNAIBID=6ND XD 7DD :8DHIGEG>GIHMTCIDANG I 1 :GBCRHM=DBDLEGIGAEB>99A:
D;6 8DBE: I>D@®UG>E&D<G6BB>GEDG>C;DGBG6H>3€étion 2 D; |=:command
referencelhttp:/iwww.pololu.com/docs/0J18]

6A>7GHH HCRHDGHIB88DBEAPNMHIGTPCEFID=G>608:DC=A>C=>B6AA>C<
| =calibrate_line_sensors()JC8I1¥H:B>C>BaJBB6M>BKBA LG HRIGFEXHMBECHID G D (
/=>6lA A D+rdad_line_sensors_calibrated()J C 8 | $MC | JIGBCA 1 =6 G68 9 ? J H D@6 C;<G D Bl D
;DG 8H:CHIKXGGC HDBDNDHEGCHBGGIHEDE,9:G:IGIBAND | =: GHread_line() ;JC813B X
AG61>G=8DBANDE:COEG6K>BBA>7&6AIMBD G:C;DGBHI:Sétivbnl9 D ]| =command
referencerhttp://www.pololu.com/docs/0J18]

M6BEA: +GD?:8I '>C: IDAADL>C< +6<: D;
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SHEAGN>@B6A>7TGICH . CHR®GAI>K6 7T6G6E/=>HW:BDCHIGH1JIH:D;I=:
lcd_load_custom_character()JC 81 *D €: | .5 print_character() IDB6 @6 HNDH:.L=:1=16:A>C:
H:CHOGEB G GBEXE7TGABLI6GI=CHD7IDIBDG.C;DGBBC=GEDP|I=G 8DBB6dLH
Section 5D ; leommand referenceghttp://www.pololu.com/docs/0J18]

26>1>@M<G=:JH:DEG:EBMAJIIIDXI YXdH GNBED G;IBE@ D JG&D 7ODIDH | 6 &G > KPCIND J
L6C*IIDHI6GIGIBDIAC - ME:8I196GAK ;D6 167AM®IDNDFHBHCIH - NDBGEIGNAD<
EGD<8IeB JHI=button_is_pressed()JC8|*+DL.G >DNDUDEG:HH 7JIIRE>A>HEAG6N:>C<

7611:BEDNAIBPG:CHDG69>@ADG:C;DGBB*DICBO BB 6 O9:%ection9 D ;| =command
referencelhttp:/iwww.pololu.com/docs/0J18]

$C=H:8DE96B|=EGD<G®OBBE:>AMNDBH:CHEDGIBCH :I=BDIDBE: GEEGDE G&IBDMB N
I=G:699ExX:C:GOABH=6]1=GD7A;DC>I=HG>H=DJACOC<:768MC7JP > | DE=A>C:
>H=DJBOO GC>KIG66=<=-0P~:;DAADHP BB EICHD Buhiel) ADDE>8>RBRCI>EZE:61>C<
DK:G 6C9 DK:G JCI>A |I=: GD7DI >H I1JGC:9 D;; DG G:H:I

/=:;JC8lre@dine() > 86 AA>H @6H: CHDG9SCS:1JGCHI>BbBI=GD7EDNH>I>DC
L>IG:HEIB+ A>GHCIB77GIL::C6C9 K6AD; B:6CHAOFA>EHD=A:DH:CHDG

K6 AD; B:6COHAFA>EBH>G:8CONGCHDG B:6CHAEFEA>EH>G:8CCONGCHDBE 9
HD DC

/[=: K6AJ: G:lk&llire()APNH 9>K>9:9 >CID I=G:: EDHH>7A: 86H:H

\ 0P1000:I=GD 72 D =GCG>DJ=mA>GC=8BHHDICGH=6GEANH:I=G>BOIBE::9
ID 6CP=A:BDIDE:I1® )DII=6EFB6M>BHB:®]=BDIDGH HR:6GAG>K=C<
G><=| BDIDG 61 DCAN 67DJI EDL:G =:G:

\ 1000D30001=GD ZBIEEGDM38B6|: ®BP=-A>GC=86HL: H:TDIBDIDIGHE::9 ID
9G>K: HIG6><=] 6=:69

\ 3000D40001=GD 2B =A:D|=A>GC=8BHHL: | JGH>6CBEAIE >IN I IdEE><=]|
BDIDG HE::9 ID 6C9 I=: A:;I BDIDG HE::9 ID

E:CODOE=>BDIDEEASI>K6+:BODGCGG . HED EHBAEXCAMEDEB DG CI:G:BPHEAGN
/=>H 86C 6AHD =:AE L>1= 9:7J<<>C«<

/IDDE:IGEGD<&8®IB HIJ9NDB 6 N O Bxamples\atmegaxx8\3pi-linefollower 6CB>BBANT7A: 8A>8@
D @st.aps DBEJAEGD<GHBODCNDIBE6CPBGHNDIUDH=DJAQEND D ~ZHI7ADDAADL
I=8JGKHONDAGEBDIGHI=DHKIGDBEAADMNMNCA>CEDL:K>@BDIDEEIB DK>EHE : X6 |

BDHI DJD)]=B6M>BABHHD7A:6CB=6A<D GG FHEAIID;JCC:8:HH66CEID-I<8JG K IH

1= BD>KDB><tB6CIOLD @GN > BOY? BHCISBEGDKEA <D GZIABDK>XGD =C:MI:8I>DC
.DB: >9:6H ;DG >BEGDK:B:Cl 6G:

Q$C8G:6H: I=: B6M>BJIJB EDHH>7A: HE::9
Q 99 BDG: >CI:GB:9>61: 86H:H L>I= >CIl:GB:9>6I1: HE::9 H:l1I>C<H ID B6@:

Q">KNDIB®D /6BI:BDGNK=IBI6M>BHAB: XC8G66HGF6H. . ®C=A>8DCH>HDG AN
8N8A:H

4DJ B><=1 6AHD L6CI ID

Q(:6HJGI=: HE::D; NDJ&DDEH>A®B>C3C8I>DE&DBIBection 17 D; |=:command
referencelhttp://www.pololu.com/docs0J18] IDI>B6;:LI=DIJHBRIDEBN A>C@>CH DGBGCHD;;K:GN
8N8A:H

Q >HE AN60HD &9 >ICG=H .>CRG>IbOCx! 16 @6H><C>6B3HBJNII>BNDHA =D 3M9
I=>H 61 BDHI ;:L I>B:H E:G H:8DC9

M6BEA: +GD?:8I '>C: IDAADL>C< +6<: D;


http://www.pololu.com/docs/0J18/5
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Q$C8DGHPGOENOCGIDDIEGD<E@®BEB><+I6CNDIJEADEAEBVHEE>APHG>KDG<
B6@>C;DGB6I2PDEBAGIO:E:CDCL=6I>1>H9D>C<: Section 3 D; |I=:command
referencerhttp://www.pololu.com/docstJ18] ; DBED G:C;DGBBOH> G-/ JO O DBIHND IJIYAAIDI HE=:

+' 45 # & DEI>DC ID 6KD>9 9>HGJEI>C< NDJG H:CHDG G:69>C<H

/=: :Cl>G: HDJGS8: 8D9: ID I=>H H>BEA: A>C: ;DAADL>C< EGD<G6B >H EG:H:

/*
* 3pi-linefollower - demo code for the Pololu 3pi Robot
*

* This code will follow a black line on a white background, using a

* very simple algorithm. It demonstrates auto-calibration and use of
* the 3pi IR sensors, motor control, bar graphs using custom

* characters, and music playback, making it a good starting point for
* developing your own more competitive line follower.

*

* http://www.pololu.com/docs/0J21
* http://www.pololu.com
* http://forum.pololu.com

*/

/I The 3pi include file must be at the beginning of any program that
/I uses the Pololu AVR library and 3pi.
#include <pololu/3pi.h>

/I This include file allows data to be stored in program space. The
/I ATmegaxx8 has 16x more program space than RAM, so large
/I pieces of static data should be stored in program space.
#include <avr/pgmspace.h>

/I Introductory messages. The "PROGMEM" identifier causes the data to
/I go into program space.

const char welcome_linel[] PROGMEM =" Pololu";

const char welcome_line2[] PROGMEM = "3\xf7 Robot";

const char demo_name_linel[]] PROGMEM = "Line";

const char demo_name_line2[] PROGMEM = "follower";

/I A couple of simple tunes, stored in program space.
const char welcome[] PROGMEM = ">g32>>¢32";
const char go[] PROGMEM = "L16 cdegreg4";

/I Data for generating the characters used in load_custom_characters
/I and display_readings. By reading levels][] starting at various
/I offsets, we can generate all of the 7 extra characters needed for a
/I bargraph. This is also stored in program space.
const char levels[] PROGMEM = {

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0Ob11111,

0b11111,

Ob11111,

0Ob11111,

0b11111,

Ob11111,

Ob11111

k

/I This function loads custom characters into the LCD. Upto 8
/I characters can be loaded; we use them for 7 levels of a bar graph.
void load_custom_characters()

lcd_load_custom_character(levels+0,0); // no offset, e.g. one bar
lcd_load_custom_character(levels+1,1); // two bars
Icd_load_custom_character(levels+2,2); // etc...
lcd_load_custom_character(levels+3,3);
lcd_load_custom_character(levels+4,4);
lcd_load_custom_character(levels+5,5);

Icd_load_custom_character(levels+6,6);

M6BEA: +GD?:8I '>C: IDAADL>C< +6<: D;
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clear(); // the LCD must be cleared for the characters to take effect

/I This function displays the sensor readings using a bar graph.
void display_readings(const unsigned int *calibrated_values)

}

unsigned char i;

for(i=0;i<5;i++) {
/I Initialize the array of characters that we will use for the
/I graph. Using the space, an extra copy of the one-bar
/I character, and character 255 (a full black box), we get 10
/I characters in the array.
const char display_characters[10] = {'',0,0,1,2,3,4,5,6,255},

/I The variable c will have values from 0 to 9, since

/I calibrated values are in the range of 0 to 1000, and
// 1000/101 is 9 with integer math.

char ¢ = display_characters[calibrated_values]i]/101];

/I Display the bar graph character.
print_character(c);

/I Initializes the 3pi, displays a welcome message, calibrates, and
/I plays the initial music.
void Initialize()

unsigned int counter; // used as a simple timer
unsigned int sensors[5]; // an array to hold sensor values

/I This must be called at the beginning of 3pi code, to set up the
/I sensors. We use a value of 2000 for the timeout, which

/I corresponds to 2000*0.4 us = 0.8 ms on our 20 MHz processor.
pololu_3pi_init(2000);

load_custom_characters(); // load the custom characters

/I Play welcome music and display a message
print_from_program_space(welcome_linel);
lcd_goto_xy(0,1);
print_from_program_space(welcome_line2);
play_from_program_space(welcome);
delay_ms(1000);

clear();
print_from_program_space(demo_name_linel);
lcd_goto_xy(0,1);
print_from_program_space(demo_name_line2);
delay_ms(1000);

/I Display battery voltage and wait for button press
while('button_is_pressed(BUTTON_B))
{

int bat = read_battery_millivolts();

clear();
print_long(bat);
print("mV");
lcd_goto_xy(0,1);
print("Press B");

delay_ms(100);
}

/I Always wait for the button to be released so that 3pi doesn't
/I start moving until your hand is away from it.
wait_for_button_release(BUTTON_B);

delay_ms(1000);

/I Auto-calibration: turn right and left while calibrating the
/] sensors.
for(counter=0;counter<80;counter++)

if(counter < 20 || counter >= 60)
set_motors(40,-40);
else

T
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}

set_motors(-40,40);

/I This function records a set of sensor readings and keeps

/[ track of the minimum and maximum values encountered. The
/I 'lR_EMITTERS_ON argument means that the IR LEDs will be
/I turned on during the reading, which is usually what you

/I want.

calibrate_line_sensors(IR_EMITTERS_ON);

/I Since our counter runs to 80, the total delay will be
/1 80*20 = 1600 ms.
delay_ms(20);

}
set_motors(0,0);

/I Display calibrated values as a bar graph.
while('button_is_pressed(BUTTON_B))
{

/I Read the sensor values and get the position measurement.
unsigned int position = read_line(sensors,|IR_EMITTERS_ON);

/I Display the position measurement, which will go from 0
/I (when the leftmost sensor is over the line) to 4000 (when
/I the rightmost sensor is over the line) on the 3pi, along

/I with a bar graph of the sensor readings. This allows you
/I to make sure the robot is ready to go.

clear();

print_long(position);

lcd_goto_xy(0,1);

display_readings(sensors);

delay_ms(100);
\}/vait_for_button_release(BUTTON_B);
clear();
print("Go!");
/I Play music and wait for it to finish before we start driving.

play_from_program_space(go);
while(is_playing());

/I This is the main function, where the code starts. All C programs
/I must have a main() function defined somewhere.
int main()

unsigned int sensors[5]; // an array to hold sensor values

/I set up the 3pi
initialize();

/I This is the "main loop" - it will run forever.
while(1)
{

/I Get the position of the line. Note that we *must* provide

/ the "sensors" argument to read_line() here, even though we
/I are not interested in the individual sensor readings.
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

if(position < 1000)
{
/I We are far to the right of the line: turn left.

/I Set the right motor to 100 and the left motor to zero,

/I to do a sharp turn to the left. Note that the maximum
/I value of either motor speed is 255, so we are driving
/I it at just about 40% of the max.

set_motors(0,100);

/I Just for fun, indicate the direction we are turning on
/ the LEDs.

left_led(1);

right_led(0);

}
else if(position < 3000)

T
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/I We are somewhat close to being centered on the line:
/I drive straight.

set_motors(100,100);

left_led(1);

right_led(1);

else

/I We are far to the left of the line: turn right.
set_motors(100,0);

left_led(0);

right_led(1);

}

/I This part of the code is never reached. A robot should
/I never reach the end of its program, or unpredictable behavior
/I will result as random code starts getting executed. If you
/I really want to stop all actions at some point, set your motors
//'to 0,0 and run the following command to loop forever:
1
/I while(1);
}

7.c.Advanced Line Following with 3pi: PID Control
BD BO9K6CR>IDAADESO<®AB: E > HAK 6> A0CEA D A &afples\atmegaxx8\3pi-linefollower-
pid

Note: C G9J>CD 8DEKKEGIHBRBRE>HE6BEEAGD<86@:9DLCADGIE 6 ®I;l = Pololu
Arduino Libraries [http://www.pololu.com/docs/0J17] H Section 5.g

[=:1:8=C>:9C=>M6BEAD<@EBDGKES SDCIGDI:HBE|=EGD7A=BHDB><=6K:
CDI>B> I EG:K>MSBEACOH=D BAADDUD<G: 6L GNIHED 7 AIXYEDAADHECOD H |
>SBEDGIGSIAINC IGH:HND C 1> CIJCTBHDETMHBEJ+:BD I HE : : HD=6lI=:7: G @ DG AHEHG : K>D JH
:M6BBATC:G:EAGBBDMI-HEDIGHtII6CDIBGDEDG3EDCBAB/BAKE I=KH:Gl=1=G>CEJI
K6AJ:H JH:9 >C 6 H>BEA: ;DGBJAG6 ID 8DBEJI: I=: HE::9 I=61 NDJG GD7DI H=

Q /= proportional K6 AJBE E G D M EB3D FAING DN D G®A [EIYHH>L>DC HEIB+ A>C=6% B,
NDOE® AHG:8>3H AN®EG=A>C: . ME:BEGDED KIGADC MG 81 ANPHO=A:DI=A>C:
I=EGDEDGIGBEAAGEDH>CIB7 BEBD=GC>T5I=A>CL>AAC:<6I¥K>HEBDBEJI:9

;GDB I=: G:HJAIre&d Id&)CE:2BEMN 7N HJ71G681>C<
Q /=:integral K6AG:8DIGH+HIDSNIED 7 BIYIEDEAHIBD 6 AN =K6ADHEGDEDGI>DCG6A
1:GB I=61 L:G: G:8DG9:9 H>CS8: I=: GD7DI HI6GI:9 GJCC>C«<

Q /= derivative > H=G6D.:8=6CX{=EGDED KIGAXLBOBEIHC==>N6BBM=9>;;.GDC8:
I=: A6HI ILD EGDEDGI>DC6A K6AJ:H

#:G: >H I=: H:81>DC D; 8D9: I=61 8DBEJI:H I=: +$ >CEJI K6AJ:H

/I Get the position of the line. Note that we *must* provide

/Il the "sensors" argument to read_line() here, even though we
/I are not interested in the individual sensor readings.
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

/I The "proportional” term should be 0 when we are on the line.
int proportional = ((int)position) - 2000;

/I Compute the derivative (change) and integral (sum) of the
/I position.

int derivative = proportional - last_proportional;

integral += proportional;

M6BEA: +GD?:8I '>C: IDAADL>C< +6<: D;
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/I Remember the last position.
last_proportional = proportional,

)Dli1=6U: 86 H+ K6G>bstidn: ID6@Gt INEXC=;DGBJBBGDED G ICunsyéedint 86 © CANDG:
EDH>K8KRJHID=:ME G : Hdsiter20 L>I=BBHILOJIANI6GITEC:<61BDK:G;ABEHB6GI>8IJA6G
86H: >1 681J6AAN LDJA9CYI 6;;:81 I=: G:HJAIH 7JI >I >H 6AL6NH 6 <DD9 >9

68D|=HCEK6AEGDK&EI>H, .GACDSC;DGBHI>O.:CHI: EBH>BEBRGBIAGDB7>6A A
D; I=: K6AJ:H >CID DC: K6G>67A: L=>8= >H I=:C JH:9 ID 9:1:GB>C: I=: BDID

/I Compute the difference between the two motor power settings,
/I'm1l-m2. If this is a positive number the robot will turn

/ to the right. If it is a negative number, the robot will

/I turn to the left, and the magnitude of the number determines

/I the sharpness of the turn.

int power_difference = proportional/20 + integral/10000 + derivative*3/2;

/I Compute the actual motor settings. We never set either motor
/] to a negative value.
const int max = 60;
if(power_difference > max)
power_difference = max;
if(power_difference < -max)
power_difference = -max;

if(power_difference < 0)
set_motors(max+power_difference, max);
else
set_motors(max, max-power_difference);

/[=:K6AJ:H 6C9 G:EG:ddjuSthbleE6G6B:II=6AHI:GB=DINDJB*>>/GA68BD=:A>C:
/[=:E6GI>&BAGBIHDHDIG->M6BHAGHDB:L6&I7>1 EGG@AEGR=>A=:NDGHA ;;>8>IGAN
INE>BBEBDAADL>C<HEA: MO DDBBEGDKBS&G:C.:G68G:6HHES E6G6B.U>@H @ :
power_difference A6G86E@HHCEDG6BI>NDCIR:8G:.6H=>B<>BA Q@ =G:68| D@ SGYHEHI D
NDID=>6@DIH9>;;, KXKEADEHME:G>B>NDE® 71DA:|:GBE€6:;;:868E6G6B=b.B=>H
:M6BEKEAKILHBDIDEBHY M>BHB: 3, L=>84#HH6>C>K66MIC8NDI6KE9?IHERE6GEB:1:GH
IOL D A@AGNGH E : I¥; IGNCB8G . 6HHE<ADIEAAD 7E€7TANG:69723IHG6BAHGEB6M>BJB
HE:OC8G:6M<B69J)J6C3AG.6HB6NM>BHdB: ®CBIC>IG<E6G6B:HGHND386€:INDJB*D
GICH6HHEDHH27A6K:::G7ADGIE>HIGB6M>BHAB:1¥; DBGDJGHIH G698JEGKENA
7N ;>C9>C< I=: G><=| +$ E6G6B:I:GH

+ A : 6HH:Section2 D ;| =3pi robot videos]http:/imww.pololu.com/docs0J32] <6 A A DA 9 :D;HEA>CD AADIHG B <
1JC:9 +$ 6C9 =><=:G B6M>BJB HE::9H
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8. Example Project #2: Maze Solving

8.a.Solving a Line Maze
[=:C:MlI|:EEGDB>BRACDAADLHTE <68N8DJG
E>DC6K><B6i=lH | H=6GCE-CHG6I3COHCI
>CI:GH: 8@ 6 BDBEA>E6ILDB@CI:GH:8I>C<
7TA68@CEHHB8>GIADS::EG:H::€D66AC R DI 6 Ka
linemaze L=>848=6 AA:CEKEG D CB&GG D 71DI
"MEABGA>B608DCI|:GID7DGIE K6:HJ>8 @A N
EDHH&EABIG<A>C GD®B9:H><CHI6ERDI=<D6A
@ :E+GeBx>C|.:GH:BHaPb@6BADIGL 6N
-D7D6B<>KHCK:86ACBDEIIGB6OHD=6E:N
86CDAABtL6HIBDIHHEGIE; | A5 6 G G¥ 06 DA
I=: 9:69 :C9H

/=:B6OI1HAI: L>A//A8NDIH D AKC=5BlI D GBKA
DCHE:8>®&6AJG=:N6HKDIloops /=6PH=:GIICD
L6NDG: K¥EHRID>CC=B60L>I=0JIG6BDAE&

T

+DADAJ

DGEDGG6I>]

HI'EBAKPCKNHYB6O>BJ8=6H3=6GIED A ldeodped B 6 OH > B3 >B EHAGE6 BEANDDHD MEADG:

I=: :CI>G: B60: 2:YAA I6A@ 67DJI I=61 HIG6I:<N >C |=:

C:MlI

H:81>DC

2: 6AHMBDJGRARCH IIBIEGE O JIH>CE€ ANG6A=DGI6 DBGC:<JAGEII=>HBDHPAMIBG6 @ =:
8DJGH: :6HN ID G:EGD9J8: T I=: B60: HDAK>C< HIGG6I:<N 9:H8G>7:9 >C I=>F

'IDGC;DGBPOIGDEAINDIBL BDIGH::DJGJID GD®Aailding Line Following and Line Maze

Courseghttp://www.pololu.com/docs/0J22]

C699>1>®:ECEOAIBBC 9: GH I H>BEAD C A DBIBEOHD A KSHE pridsentationhttp://www.pololu.com/file/
downloadfine-maze-algorithm.pdf?file_id=0J195] E9ILG>ITNIHIDB:@D7DESEH :  HHIBG CBHBBD:HCY I
>C8AGGRD97JbPkD:BK: ¥ DB>BEDGIBPCB . &CIBD CI166CIHB 7 DGK>H JI®OAHAEAAIHEGG | :

>BEDGI6CI|I ED>CIH

8.b. Working with Multiple C Files in AVR Studio

/=: HDJGS8: 8D9: ;DG 6C :M6BEA: A>C: B 6 OexdhiAaknegaxxd\bpi-Oakeborveéh 6 7A: >C |=: ;I

Note: C G9J>CD S8DHEEGIHBRBRE>HHE6BERRGD<G86B: 9DL CADGIE 6 ®I;l = Pololu
Arduino Libraries [http:/iwww.pololu.com/docs0J17] H Section5.g /=: G 9J>HAB BHAD : P&BBD C 16 > c:9

L>I=>C 6 H>C<A: ;>A:

/[=>HGD<SHBB3BD BDBEA>ISHIGC M6 BEMDHGOKH: :BD6GD: =6 KHEAFECBDAI>EBA:H
SDCI@DCECARN>C<A:

OH>BXAI>BEABH@>HoH>DE&DIDQ : :IE5 6B @D 306 9:D GM 6 B HA ; >#ric
; JC8I>DC JH:9 ID B6@: IJGCH 61 I=: >CI:GH:81>DCH

#include <pololu/3pi.h>

/I Turns according to the parameter dir, which should be 'L', 'R, 'S’
/I (straight), or 'B' (back).

void turn(char dir)

{switch(dir)

M6BEA: +GD?:8I (60: .DAK>C<

+6<:


http://www.pololu.com/picture/view/0J878
http://www.pololu.com/picture/view/0J878
http://www.pololu.com/docs/0J22
http://www.pololu.com/docs/0J22
http://www.pololu.com/file/download/line-maze-algorithm.pdf?file_id=0J195
http://www.pololu.com/file/download/line-maze-algorithm.pdf?file_id=0J195
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17/5.g

+DADAJ E> -D7DI OH:G H "J>9: R T +DADAJ DGEDGG6I>|

case 'L"
/I Turn left.
set_motors(-80,80);
delay_ms(200);
break;

case 'R":
/I Turn right.
set_motors(80,-80);
delay_ms(200);
break;

case 'B"
/l Turn around.
set_motors(80,-80);
delay_ms(400);
break;

case 'S"
/I Don't do anything!
break;

}

}

[=;>GAPIO;I=;>AA>@C N ;>A=6NDU>AALG> > EBDCI6CECESAIPOBB6IGHI>K: H
NDG88:HH=;JC8I>>DIEHDADIAI'>7GC6GN=@G() L:I=:CHI=A>7GHGN =&ay Hns()6 C 9
set_ motors()IDE:G;DAGBIGC GH 43 G G0 1JGAKE6>¥RIGEEMEDBCIAN=>HC8I3BOJI<=
I=:NDCX:IFJ3BD6 @COI8I>DCBDIBE::08P=1>B>CxXIBE1JGEGE6G 6B II= &H: 9 : 1D :
69?JHDIG:EHIDUD@AB 6 @ ND<BGEOHD AKGHEILE. HB.GHDBE ] =CJIB7:IGBNDB><€L:9
ID 69?2JHI

/D688 : HKEHBCS8I>®OBI=:G>ALHC ::8V=:69>A LW>8H6AANn8 /=:=:69;8RJBDCI6>CH
6 H>C<A: A>C:

void turn(char dir);

[=>K>E:8A61Gtuh() ; JC8IEDBIG BB J6GARNA IOSICEN> |$D 9/D688:HD:8A6G668BC A:
=61 C::9Htwr) 868K I=: ;DAADL>C< A>C:

#include "turn.h"

)DI1=9DJ7A: FIDIOK :9CHIDBL <AG68 @=PHI><CPO=:HESDBE+AB6G =:69;5AHC=:
EGDDP>8G:8I MG H-GT.>GHNHEB9; SA>3I@H AL6MNGHB:B71068JI=8D9DRDJ&GC8I>DCH
>C=: ;>ACHIDE8=:69;SAANDIDI=DI=LENNDU>XB 6@ BE<E6BOIE B:jH 8D PHC68=
>A: 1=61 >C8AJ9:H I=: =:69:G

[ =; > fllow-segment.c 6 A8 D C Il 6BHCHK <IAC.8 | follo@ _segment)L=>8=>ARAL6>KHIGE6E6ADEA>C:
H:<B:XJI1>B:686GFCI.GHDBG>IC@D j=A>C=>HAABDHH6BEH=A>MDAADEDB®*H8IHH:9
>8ection7 7J1 L>I= :MIG6 8=:8@H ;DG >CI:GH:8I>DCH 6C9 I=: :C9H D; A>C:H

void follow_segment()

int last_proportional = O;
long integral=0;

while(1)
{
/I Normally, we will be following a line. The code below is
/I similar to the 3pi-linefollower-pid example, but the maximum
/I speed is turned down to 60 for reliability.
/I Get the position of the line.
unsigned int sensors[5];
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

/I The "proportional” term should be 0 when we are on the line.

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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int proportional = ((int)position) - 2000;

/I Compute the derivative (change) and integral (sum) of the
/I position.

int derivative = proportional - last_proportional;

integral += proportional;

/I Remember the last position.
last_proportional = proportional,

/I Compute the difference between the two motor power settings,
/I'm1l-m2. If this is a positive number the robot will turn

/I to the left. If it is a negative number, the robot will

/I turn to the right, and the magnitude of the number determines

/I the sharpness of the turn.

int power_difference = proportional/20 + integral/10000 + derivative*3/2;

/I Compute the actual motor settings. We never set either motor
/l to a negative value.
const int max = 60; // the maximum speed
if(power_difference > max)
power_difference = max;
if(power_difference < -max)
power_difference = -max;

if(power_difference < 0)
set_motors(max+power_difference,max);
else
set_motors(max,max-power_difference);

/I We use the inner three sensors (1, 2, and 3) for

/I determining whether there is a line straight ahead, and the
/I sensors 0 and 4 for detecting lines going to the left and

/I right.

if(sensors[1] < 100 && sensors[2] < 100 && sensors[3] < 100)

/I There is no line visible ahead, and we didn't see any
/I intersection. Must be a dead end.
return;

}
else if(sensors[0] > 200 || sensors[4] > 200)

/I Found an intersection.
return;

IL::3=+$ 8DBCH=>CI:GHRBI>DICIBCHGCCDB7DBHPBD E6G6B:I=68DIAB9?IHI:9
2: YKE>8 @ 6A F K6l =m66AAELIDHDAKBE6OGIGHG6 ;8DCIGEHEABBNCE8G:6HMEK®CHDJ
L>AA FIJ>8@AN GJC >C ID ADIH D; EGD7A:BH 1=61 NDJYAA =6K: ID =6C9A: L:

+J1I>IGs ;>A68B8:69;68A>8 NOD EG5 D 2 HolHIN>1=1- .1J9>PC=A:;\dDAJBEDHBG:NDJ
H=DHADEI>[DGAID J GBA G0 #: 6 9I>CA : HI¥ BIA>B@ | =DEECNDU>ABK=DEISDO DG
G:BDKAGIDIBA>R+ . ANDJI>NDEGD?181.1J9*D AAIDB6 | 8d6B\PBNAA >ASl=EGD ?:81
ID<:1=:G ID EGD9J8: 6 H>C<A: =M ;>A:

8.c.Left Hand on the Wall

/=:76HBBG6 [;:x®DAK>CD<C ADBGEOOIB6AAN A s6COC=L6ASBE<IBGA@=GD BHG=6A
AG7NATBEIB6C HBEO/I>AIHIDICE ARLH > ®:: : ENOAGAG6O®C=16 546 AAB:4DIYAGBC
A:U=:C:KEBHHEGOBCANG> 6HCCI:GH~B@E DI=:M>DB:I>BLH.®IDG:689:69
CONDJIVIGAC 9:<GI1DH=G><60B | 6IBIA @7PEB@ L6 NND3Z6B: K:CIJ6AAD GH=:&.GCD
ADDEBFE OS> ABGGIKAD.GB8A. COEGAAL=:CI>AL7NGCGME68HABECHRDINAODILEN 68 @
ID=:CIG668=:GIGDDEDB:L=>@G=A67NA>C&BDCHD DB G:6HNGIYAOR&6DT=:
LENH>OBD IV DAL K- GMAALNMBIBIANS2: JHI=HPBEAA>BTB6BE®NEBG6OHDAK>C<
:M6BEA:

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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/[ This function decides which way to turn during the learning phase of

/I maze solving. It uses the variables found_left, found_straight, and

[/l found_right, which indicate whether there is an exit in each of the

/I three directions, applying the "left hand on the wall" strategy.

char select_turn(unsigned char found_left, unsigned char found_straight, unsigned char found_right)

/I Make a decision about how to turn. The following code
/I implements a left-hand-on-the-wall strategy, where we always
/l turn as far to the left as possible.
if(found_left)
return 'L";
else if(found_straight)
return'S";
else if(found_right)
return 'R’
else
return 'B';

}

[=:K6ALHJGO¥dect tun()8DGG:HEBKOAIH:BMNM() HD=:HIC8IADABMC@®8IRAN:I=:G
>C DJG B6>C ADDE

8.d. The Main Loop(s)

/=:HIG6 DDNBEG D <SHMBE G : B =9 > Adze-sovec (DH*BEDGIBCUAGIDD ::IE56B@=E6I=
I=6U: =6 K;DAADHDD: 9:;>6 & G GBHIND GPECX I=:H:>AAI=H6B8=6G 6 3H B =turn()

; JC8I>DC 2: 6AHD C::9 ID @::E IG68@ D; I=: 8JGG:Cl E6l= A:C<Il= HD I=611L

char path[100] ="
unsigned char path_length = 0; // the length of the path

*JO/B6AODEM JCIT=:;JC8Im&x€E solve()L=>8486 AB;9.8&E6A>7G,6adBR /=>HIC8I>DC
681J6AGNAJODBI6 >AD DIBH>@HIL=6d6 COMD-AK=BE6O6COH:8DIGHG :EAIGNHDAJIBGC
I=;6HIBDIHHI>BA:C68I=H:8DADDHES|IJ6AINDEI=6ADDE>A8.L6CIID7 :6 7ADG:EASN
HDAJI>DC B6CN I>B:H #:G:YH 6C DJIA>C: D; I=: 8D9:

/I This function is called once, from main.c.
void maze_solve()

while(1)
/I FIRST MAIN LOOP BODY
/I (when we find the goal, we use break; to get out of this)

/I Now enter an infinite loop - we can re-run the maze as many
/l times as we want to.

while(1)

{

/I Beep to show that we finished the maze.
/I Wait for the user to press a button...

inti;
for(i=0;i<path_length;i++)

/I SECOND MAIN LOOP BODY
/I Follow the last segment up to the finish.
follow_segment();

/I Now we should be at the finish! Restart the loop.

}

/=:;>CBBI>LADCE: 9IHO G>XDLEH:<B:B1=8DJGH8>8DUDJIGECS:8DE DI GAT=path
K6G>bDR6HHEI DG GGEB4IBIBeEct tun()L:C::9B6G:;IMAB3E>CI:GHG >OEDHB I :

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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I=8E:GHHE: 8 EIDIECOPCLCDI=B60/=:;DAADED LD CERGt LMAIA:66lI=HADL
HE::9H 1=61 L:YG: JH>C<

/I FIRST MAIN LOOP BODY
follow_segment();

/I Drive straight a bit. This helps us in case we entered the
/I intersection at an angle.

/I Note that we are slowing down - this prevents the robot
/I from tipping forward too much.

set_motors(50,50);

delay_ms(50);

/I These variables record whether the robot has seen a line to the
/I left, straight ahead, and right, whil examining the current

/I intersection.

unsigned char found_left=0;

unsigned char found_straight=0;

unsigned char found_right=0;

/I Now read the sensors and check the intersection type.
unsigned int sensors[5];
read_line(sensors,IR_EMITTERS_ON);

/I Check for left and right exits.
if(sensors[0] > 100)
found_left = 1,
if(sensors[4] > 100)
found_right = 1;

/I Drive straight a bit more - this is enough to line up our
/I wheels with the intersection.

set_motors(40,40);

delay_ms(200);

/I Check for a straight exit.

read_line(sensors,IR_EMITTERS_ON);

if(sensors[1] > 200 || sensors[2] > 200 || sensors[3] > 200)
found_straight = 1,

/I Check for the ending spot.

/I If all three middle sensors are on dark black, we have

/I solved the maze.

if(sensors[1] > 600 && sensors[2] > 600 && sensors[3] > 600)
break;

/I Intersection identification is complete.

/I'If the maze has been solved, we can follow the existing

/I path. Otherwise, we need to learn the solution.

unsigned char dir = select_turn(found_left, found_straight, found_right);

/I Make the turn indicated by the path.
turn(dir);

/I Store the intersection in the path variable.
path[path_length] = dir;
path_length ++;

/I 'You should check to make sure that the path_length does not
/I exceed the bounds of the array. We'll ignore that in this
/I example.

/I Simplify the learned path.
simplify_path();

/I Display the path on the LCD.
display_path();

2:Y AA H 818 ABImplify_path)>C=C:MI:81>DOG=6A:IYeHBADB = H:8 DE®>AD DE>8=
>K:GIN>BEAARA: 9D HG>R=C:MICI:GH68IBIBEB 8D GITPC&: 8D GOHOD>G<A6E818DG9:9
1JGIGGDADIAAD CH:<B:€U6NGDIB ;>C>H>8MEA 6> CHIddw_segment()B6 AB=DJIIADC:
maze_solve(b 7DK::

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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/I SECOND MAIN LOOP BODY
follow_segment();

/I Drive straight while slowing down, as before.
set_motors(50,50);

delay_ms(50);

set_motors(40,40);

delay_ms(200);

/I Make a turn according to the instruction stored in
/I pathl[i].
turn(pathl[i]);

8.e.Simplifying the Solution
1:GK:ABNGIGA: CO=G:8DEFHISSCS8G:BM FHNDBGO;DOVIE6BESEHAD O <B6KHG6<:L6N

L>IEMH>IM>NDIMAAM FI:@Q&K-'-'-'-'YBEE:BG=:E>YH /=:G:@Bi=DGII8adlD J A9
NDI EGDI=<*+HS8IDDEEGIHBHIBTIHDAADI=ALH6CORC=L6AAGEI#DN :KILG:C:KG
:C8DJCI:G 6 9:69 :C9 L: 86C H>BEA>;N I=: E61= ID HDB:I=>C< H=DGI:G

DCHYEgHMEFJ: X8:'YL=:GX HI6CDK7686@WH-68I1>IB@LE:69:69CSHC8DJICI.E>HH
L=63¥6EE>QH:GHA:JUGCEGNGECEHE=DHHIGEEGIICA:69BB:9>6ID6AN69C9 ;1:GIGC>C<
PA:;1 P6CIO9PA:A<6FEC:|;;:BIH=EEGD7H:69>CXIBIG><>>H:BO<DEEC.EGIS6T:
H>BEAIXG>PRIGEH>CXAY=:;DAADI>E<O 6B>BiHHB: COE=>MDML pCI< DIC8I>D:EGAKBIA:CI
E6l=H ;GDB HI6GI ID :C9

CDI=Nt6BBA/ >CI:GHL&IED.BGOCDC=A: ;XK' .Y/=:1JGE€E:PA:;| P6C9P ;D& DIPA
PG><=| /[/=: H:FJ:C8: H=DJA9 7: G:EA68:9 L>1= 6 H>C<A: X-Y

$C68L=:C:KLG6KEH:FJ:\&®M MY86G:EAGAAGIIGCHI&EIIJGED G G : HEIMGADAEA
6C<A: A>B>C6I>C< |I=: 0 1JGC 6C9 HE::9>C< JE DJG HDAJI>DC #:G:YH I=:

/I Path simplification. The strategy is that whenever we encounter a
/I sequence xBx, we can simplify it by cutting out the dead end. For
Il example, LBL -> S, because a single S bypasses the dead end

Il represented by LBL.

void simplify_path()

{

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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}

/I only simplify the path if the second-to-last turn was a 'B'
if(path_length < 3 || path[path_length-2] = 'B’)
return;

int total_angle = 0;
inti;
for(i=1;i<=3;i++)

switch(path[path_length-i])
{

case 'R":
total_angle += 90;
break;

case 'L"
total_angle += 270;
break;

case 'B"
total_angle += 180;
break;

}

}

/I Get the angle as a number between 0 and 360 degrees.

total_angle = total_angle % 360;

/I Replace all of those turns with a single one.
switch(total_angle)

case 0:
path[path_length - 3] ='S";
break;

case 90:
path[path_length - 3] = 'R";
break;

case 180:
path[path_length - 3] = 'B';
break;

case 270:
path[path_length - 3] = 'L";
break;

/I The path is now two steps shorter.
path_length -= 2;

T

+DADAJ DGEDGG6I>|

*C>CIl:G:HD>GHDUIABHD S H=6E: ®BGHDBH:FJ:CI&EH=DILARK7G:C8DJCI7T®A ;I I1JGC>C<
GD7A}@-: -YL=>8DIAIG . EAGNAEE8DGIDH>CB8D IS GBD B IOK6CBGCD<EO®B><E6CI
ID@ : IE56B@CS8SDCH>AY@8H>M8:NCI9>B®BD >0CPEGD7I@DJIAB®IH=GD7M1DJd: ADHI

)DL A:IYH HI:E I=GDJ<= 6 HA><=IAN BDG: 8DBEA>861:9 B60O:

Fully explore the maze using a left-hand-on-the-wall strategy.

H=DL>C< =DL

M6BEA: +GD?:8I (60: .DAK>C<

+6<:
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/= 67TDR>MH8I>DBE:SIDHAAHI:EHIDDOQIAANE AIDB60L=>ADD @DIG<C9 =>8&H
B6G@N=A6G/A68@GCE8AEDEGADCDIG:9JI8=>APIHG : EG:H:B8 + D GH 6145 DHBI 61G1> C M=
L::9>0OJd6AAI=9:69COHCDEIHE:G; DEHBGICECE&: >C*HB607JI=7:1I6EEGD68=

>HE:G;D6BGJICHH<DD@ ::EJS>HGIDBGDL>M& HHAR GBBIB6 @ I3 EBD @:: BD GN6IC:
=6K: 6K6>A67A:

Prune out the first dead end as we identify it.

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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2=:Q::C8DJC4:GCHII:GHBBIIRIC GHI6 86BVW D@ CDL=6KG:686969C9I=636C:
G:BDKGDBIS>DH8|>CAHBHH=BDH:8: €8I >DOHS>HH=H:FJ:X8:'Y6CB=9>6<G6B
H=DLH I=61 I=>H H:FJ:C8: 86C 7: H>BEA>;>:9 >CID 6 H>C<A: G><=] I1JGC X-Y

Prune out the rest of this dead-end branch as we back-track.

2: C:MCI9HE>IEH:FJ:X8:'YL=>&=9J8DBIH>C%ZA3X@ Y6 CB=>8HD B 7 >IC> H=C : W18 | >IIDC
EGD9J8: I=: H:FJ:C8: X''Y L=>8= G:9J8:H ID 6 H>C<A: HIG6><=] X.Y

Prune out the final dead-end branch to leave us with the shortest path from start to finish.

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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[=:A6HHI69C X>KIH=H:FJ: X8:'YL=>&=9J8DbH><CA><4FGC ¥IG8I>DGHEDRINIBCI
G:EG:H:CIH I=: H=DGI:HI E61= ;GDB HI6GI ID ;>C>H=

HL: 9GDK: I=: B60O: DJG 68I>DC A>HI LDJA9 =6K: ADD@:9 A>@: I=: ;DAADLIL

". ' - (pruning occurs here)

- (pruning occurs here)

. (pruning occurs here)

- (pruning occurs here)

8.f. Improving the Maze-Solving Code

2: =6KsDMK:IGBDHIBEDGCH6G@MH=8D9t=DI=7G1dC &>:8 :A>I&: JC8Ididgplay path()
I=HI6GHIEJ. GEO6A>7GCHHE8BBC:.;DIAPI=K:GCGNI=AB<C=":; D A Bxafdples\atmegaxx8\3pi-

mazesolver 1:BIDI6K=8DALDGC@ODICIO-GHIBEOANDH=DIJASD>BEGDMRIE®D 71D1:6 H

:6HI 6H EDHH>7A: /=:G: 6G: B6CN I=>C<H NDJ 86C 9D ID IGN ID B6@: >I 7:1I

Q$C8G:6H>C< I=: A>C: ;DAADL>C< HE::9

Q$BEGDK>C< I=: A>C: ;DAADL>C< +$% 8DCHI6CIH

Q3$C8G:6H>C< IJGC>C< HE::9

Q%9:CI>;N>C< H>I1J6I>DCH L=:G: I=: GD7DI =6H <DII:C ADHI

Q 9?JHI>C< |I=: HE::9 76H:9 DC L=61 >H 8DB>C< JE : < 9G>K>C< HIG6><=]

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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/=:;DAADK>GH>DBHEEGDIDINECKBEBCIAEDL!G 7JbPBI=:GL3E8I>DXHLANSGA
IDI=;;>CRAGH>DCIUIEED<G6BEBM®MBE 3C1 DIH=6AA:C</=:8D9>HBDGGIK6C8&A9
8DBEA>866I@H6BEBASO: HDABKSEC=<6K2IEBIGDK$BEGDK:BKOEBH6BEAD<SGBAJII:
6=><=EHZFIJCCHE<IO>IZ:11:G |ACQ: ;DAADBDPCHIGECHHB G BDDIIGBEKESC8G:6H:9
HE::9 DC ADC< HIG6><=| H:<B:CIH

2=:A:L:GIGNFOBEGDKE>BBHOE:G;DGBBILB GHIE6HD>BEGBIRAN>C: ;D AADLAAN X
7:111GC>G<e¢$ 8DCHIGBHLIHADELR G :6HG D 7 BIGNH>BHB::®CDB JIG: 8 DICIAEE6 HD>BEGDK:
I=1JGIOA:;;6 HIGGEBDD I::GNJ>8 @BIN: KLGCDI>B=QUG I HE > BEGDKLB>@G<B>1:9
7TN=>CI|:GH: &;-DEB7BIBDK>IOBI>8 @A E>I=:B>LDIALK6GHBGBGABHDB:L=:G:
"D>C< HADLAN :CDJ<=ID HIGK>K: |I=: >CI:GH:8I>DCH A:9 ID JCC:8:HH6G>AI

*JGADAJLSBIO>BI=A:COsK:GN<B:IGIGD7EBDJCIOGCHEA:6CE=CGH=:8DALDJIA9
G:HH41>BB836CCI:GHBUBDE® IDH =:C=:E=x>I=;DAADRECEH  HBDEGD<B BBG ®
6GG6N D; K>H>1:9 >CI:GH:8I>DCH > 6AHD HIDG:9 I=: H:<B:Cl I>B:H >C 6 E

{L,S,S,R L, ..}
{3,3,6,5,8,..}

/= IDEG GEXIH68I>D:G ;D GBEBK>H>ICO:GH:8I*D&CAYI L:CHIG6><31GCGCGE8<=1
6CB=7DIIBB GEXIH6BDJIC]I>BHE : 26 > KBAIHG<H :<B:IGIA>G: AlAN=6CI:GH:/&>DC
JCDH=-H:<B:IGCBIHG8=DHEEGD KB 7:IGB6ECAAIGIGDADB:6C>C<93AAG:TL*61:C
ADCBCE® =D GII<B:CUH=6C:K:G18::9 ;DEGCN:<B:2C=B60/=>H:8DGH |G B3 BIDHEL |
I=K6ABGZ:HIDG®®GC AN H>BGHGH:68H:<B:APBH @IEPIBICTNIDB:BDGIN->8=
=:AEBH BE:BD@NG69DLC=: /B:<6 =6RJHI 7NIMH- ( HDI¥BEDGHFSEGEEA>8AFP@®CH
I=5H DELG:1B6G C; ;>8> EN=6A:6K:CDI&SHDOBGHI68@>SHAMDD GD ( <DD@RJIP;
I=JB¥HDA:6K: T TNIDH ( 6K6>ABOTAHI668@96I1BH:BN=+DADIAJA>7GBBDIGNDJ
=6KHDBX::ELNHI;3C8I>DERB8IDCEAMAD KACG>6JBIH=-6F:/B:<6 =6H 7NI:H
D; - ( L=>8= <>K:H NDJ 6 7>1 BDG: GDDB ;DG NDJG 9616

*C8: I=: E> =6H A:6GC:9 I=: B60O: I=: B60: 9G>K>C< 6A<DG><I=B >H :HH:CI

$1=GD7HD>BKG66K=C:MICI:GH:BG>HBICH B :€F><tE::9DCKICDGGN
67DJI HADL>C< 9DLC JCI>A L: @CDL L: =6K: 6C >CI:GH:81>DC 8DB>C< JE |

*I=:GLIBSIKBICHXIB €F><HE: IJCIPBABL =6 HAGEHIO=>ED>ADK6 8D LD
CDGB6A HE::9 JCI>A |I=: C:MI| >CI:GH:81>DC >H G:68=:9

/=:K6ATU>E@DBEJ|IGDBJIJCS8IPDEH:IHFEG:K>BIBANG:SB:CA: C<ID®=DH3KB: TIHH
C.<616€B=E2JHG>K=HCI>HG<B.€&CDGBE&A:DBADCH:€6B.:TIHHDH>ER6IJH=HE>
IDDG>BKDHDIl=H:<B:€F><+E:. B DBADLSCIKCIHC>BID=6CI9A>CIl:GHBG>RCI86B:
JE L>I= 6 ;JCIBDXDE6EBD.G 6C9 I=:C G6C 6 H:G>:H D; I:HIH ID <:I I=: K6G>DJH

INE>86DA@BN><JIH:C8D9IOMBH6HIIG:A:C<DsHH:<B:C2HL:G67AD?JHHI>B>0&=:
E>=DL:K7G86JBjj=: E>EBDLHNHILE>8H :6G:<JABDAISXGBDIDEIEGD9 F+H=AN
G E:6IG7THIAYHEBDAG69>IEDCHAAHIBBIMNE:I19DIANI98G:6H=7611:@>HB8=6GC8:
I>B>CEKEGAGEEAD IAD I ClECADINBG:ASE HAWIBM6BEANDU: GEDIH6G D 71Dl &
BDAGG69>IEDCHNHILIB;JC8INDBDBIEL>IDIGL=:C=76I11: @G- H8EABNGB><EDG@
EDDGAN L=:C I=:N 6G: C:6GAN 9G6>C:9

Tip: *C8NDHI6H<C>; >80 ANDKEO: HDHE>EB<G;DGHE6B8BBIHE: CIDAI=1G681>DC
DI=1>G0E;DGIJOGI6RBG:6HKHSB6H=1>CEHIE@ IJHICI>CE DIBEB8DIGHG6HI6O:
HDAK: @IE=-6 K3 1IF GBAN:6 CKIGNGIOKBAFPHI6IH=16DB>CIGCH>3ADAGDLECY6C

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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K:86JHIDB:HHE4DB6E:1==,;;:8DH=CHI=H:8DEHDAICGID]=K>9:D-1>G69TYIC
8A:6C:9 G:8:CIAN 4DJ 86C :6H>AN 8A:6C I=: I>G:H 7N L>E>C< |=:B L>I= 6 /

M6BEA: +GD?:8I (60: .DAK>C< +6<: D;
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9. Pin Assignment Tables

General features of the Pololu 3pi robot, top view.

+>C HH><CB:Cl /67A:H +6<: D;
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Labeled bottom view of the Pololu 3pi robot.

+>C HH><CB:Cl /67A:H +6<: D;
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Specific features of the Pololu 3pi robot, top view.

+>C HH><CB:Cl /67A:H +6<: D;
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Pin Assignment Table Sorted by Function
Function

ATmegaxx8 Pin

R T +DADAJ

Arduino Pin

e *
,ggélg;?imA?fBEH:GN:D .G:: 9><>16A E>C " 9><>I16A E>CH
;G:: 6C6AD< >CEJIH >; NDJ G:BDK: ?JBE:GH M 6C6AD< >CEJIH
BDIDG A:;l BDIDG 8DCIGDA 6C9 + 6C9 + 9><>|16A E>CH
BDIDG G><=| BDIDG 8DCIGDA 6C9+ 6C9 + 9><>|6A E>CH
/- - G:;A:816C8: H:CHDGH A:;l ID G><|l ™M+ 9><>16 A E>CH
G:9 A:;;l JH:G' + 9><>|6A E>C
<G::C G><=| JH:G' + 9><>|6A E>C
JH:G EJH=7JIIDCH A:;l1 ID G><=1 M + + 6C9 + 9><>16A >CEJIH
7J0O00:G + 9><>|6A E>C
' 8DCIGDA -. -2 + + 6C9 + 9><>16A E>CH
' 9616 7>1 T + + + 6CPY*»<>I6A E>CH
G:;A:816C8: H:CHDG $- ' 8DCIGDA 9G»K: KHBDIX4JGEG B<G'I 64 B >C
JH:G IG>BB:G EDI:CI>DB:I:G I=GDJ<= ?JBE6BD< >CEJI

G9H D; 7611:GN KDAI6<:

I=GDJ<= ?JBE6BD< >CEJI

$ .+ EGD<G6BB>C< A>C:H M + + + 9><>|6A E>CH
G:H:l EJH=7JIIDC + G:H:I

0-/ -36C9 /3 + 6C9 + 9><>|6A E>CH
$ /2% >C688:HH67A: ID JH:G

+$ >C688:HH67A: ID JH:G

DGEDGG6I>]

T

6C9

6C9

T

6C9

6C9
6C9

6C9

6C9

+>C HH><CB:Cl /67A:H

+6<:
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<D

<D

<D

<D

<D

AL

AL

AL

AL

AL
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Pin Assignment Table Sorted by Pin
ATn:gaxxB 3pi Function Notes/Alternate Functions
+ ;G:: 9><>I6A $ *0. -/ >CEJI E>C -3
connected tored user LED =><= |[JGCH ' DC
+ : T ><> *
G 9 16A S 0. -/ DJIEJI E>C /3
+ LCD control line RS ‘MI:GC6A >CI:GGJEI $)/
+ M2 control line />B:G +2( DJIEJI *
. 0. -/ :MI:GC6A 8AD8®@ >CEJI DJIEJI 3 &
+
LCD control fine E />B:G :MI:GC6A 8DJCI:G /
+ M1 control line />B:G +2( DJIEJI *
+ M1 control line />B:G +2( DJIEJI *
+ LCD data line DB7 connected to green user LED =><= [JGCH ' DC
. />B:G >CEJI 86EIJG: $ +
+
LCD controlline RIW- ¢\ S 9.9 HNHI:B 8ADS@ DJIEJI ‘&
. user pushbutton EG:HH>C< EJAAH E>C ADL
+
LCD data line DB4 />B:G +2( DJIEJI N
+ buzzer />B:G +2( DJIEJI *
. /I>B:G +2( DJIEJI *
+
M2 control line $. + EGD<G6BB>C< A>C:
: >C< >
N LCD data line DBS user_pushbutton EG:HH C_ EJAAH E>C ADL
Caution: also an ISP programming line
. > < >
. LCD data line DB6 user.pushbutton EG:HH C. EJAAH E>C ADL
Caution: also an ISP programming line
N QTR-RC reflectance 9G>K: =><= ;DG JH I|=:C L6>1 ;DG A>C: >CEJI ID
sensor H:CHDG
+ QTR-RC reflectance 9G>K: =><= :DG JH I=:C L6>1 :DG A>C: >CEJI ID
sensor
N QTR-RC reflectance 9G>K: =><= ;DG JH I|=:C L6>1 ;DG A>C: >CEJI ID
sensor H:CHDG
+ QTR-RC reflectance 9G>K: =><= :DG JH I=:C L6>1 :DG A>C: >CEJI ID
sensor
N QTR-RC reflectance 9G>K: =><= ;DG JH I|=:C L6>1 ;DG A>C: >CEJI ID
sensor G><=IBDHI H:CHDG
. 6C6AD< >CEJI 6D@pbrecktd 56msorsO IRLEDS9G>K>C< ADL IJGCH D;; :B>II:GH
$ * >CEJI 8=6CC:A
9:9>861:9 6 C 6 A Djumpdzdd 3d 2/3rds of battery voltage >CEJI 8=6CC:A
9:9>861:9 6 C 6 A Djgmpezdd dd user trimmer potentiometer >CEJI 8=6CC:A
G:H:lI G:H:l EJH=7JIIDGCI:GC6AAN EJAA:9 =><= 68I>K: ADL 9><>16A $ * 9>HG7A

+>C HH><CB:Cl /67A:H

+6<:
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10. Expansion Information

10.a.Serial slave program

/=:+DADRA-J A>7GbB@EBNction6.a 8DB:IH>16C M6BHBAGHMNKGD < ETBE: E > @pololu-
avr\examples\atmegaxx8\3pi-serial-slave 6C96 8DGG:HEDLCG>B&HI|:BG D < G6@bpololu-
avr\examples\atmegaxx8\3pi-serial-master /=>HM6BBA=DEBUDIH6G>CE;;>XC -$ '5 # &
BDIIBDCI>CJD:BHBNSC|:GEHEBHAD 8DBB6CSH DBB6GDIE IKEGA>DAIH ®:jH: E >
B6@>EDHHIDIAI=: EH6VHBGGHSWC CIGDAPRIEGDS: BHBEHINDGIBD B DBB6C9H
NDJGH:A; DG 696EIl I=: A>7TG6GN ID LDG@ DC 6 9>;;:G:Cl 7D6G9

)DIli=6U:D;;i6:K:GME6Cig>DE =>8D36BDJCEIIBEH:8DCBAGE DD GICBRAAISDCH6A
1A 81 G black8with cutouts[http://iwww.pololu.com/catalogiproduct/979] |=6A:NDBK>:L="' JC9:GChladk

without cutouts|http://www.pololu.com/catalogiproduct/978] |=6G:EAG8:'H 6C86M>BEG:HIDI|NES®S&d

with cutouts [http://www.pololu.com/catalog/product/977] 6 @8 without cutouts [http://www.pololu.com/catalog/product/976]

T
PELEEAAAAE
pr ot

-
aHH
-

HHHHHHHE
HEHHHHRD
o

T
T

DBEA9D8JB:CI®IPDIE: G>BA8I>IHC 8l: G86 € :; DJ CYSection10 D ;I = Pololu AVR Library
Command Referencehttp://iwww.pololu.com/docs/0J18]

/[=>HAGBKGD<G6B>K: 886 EDG&|I -3 DJ=:ESCPG6CHBHHDCH:8:8:HHBEI G|
+ /3 JH>E< @76J8 A:KHAGEGA |IFI>AMOGBEIA: BGCEG6GZ+NHI61B>16CD C:
HIDE ) /=:8DBB6CBHA:B:€1G%688DCH>HHI>C&BBB6TNI;:DAAD/IND. @IBD®616
TNI:HDB6 @6 HIND>;;:G:G+>86DBB6TNI;BDIBE96IBNI:IH8DBB6TNI BHGE ASAC=G6C<:
M ML=>A=96IBNIBHG=C=G6C M M/=6PH=8DBBG6TNI 36K =:B® HHI><C > 7>86IC |
H:l L=>A: I=: 9616 7NI:H =6K: I=61 7>1 JCH:I

.DBSB8DBB6GO9HIE+ . EH:C996K68MIID=8DCIGCDRARS>EDBGDBB6CSHG.CI|:<6GH: C I
768@ I|=: A:6HI H><C>;>86CI| 7NI: >H H:Cl ;>GHI A>IllA: :C9>6C

$.768BDBB6MIB6IBNI:6G9:1:81:1 HAGKGD<GG6EBEG6C9>HEAENGE:GI H6xd ="'
/=>Bl:6 ClH 634 N D8 G H > IGexpansionkit without cutouts|http://www.pololu.com/catalogiproduct/978] NDH =D JA9
EGD767AN G:BDK: I=:"'" G:A61:9 8DBB6C9H 7:;DG: AD69>C< I=: EGD<G6B DC(

MEG6CH>DC $C;DGB6I>DC +6<: D;


http://www.pololu.com/catalog/product/979
http://www.pololu.com/catalog/product/978
http://www.pololu.com/catalog/product/978
http://www.pololu.com/catalog/product/977
http://www.pololu.com/catalog/product/977
http://www.pololu.com/catalog/product/976
http://www.pololu.com/picture/view/0J980
http://www.pololu.com/picture/view/0J980
http://www.pololu.com/picture/view/0J979
http://www.pololu.com/picture/view/0J979
http://www.pololu.com/picture/view/0J1007
http://www.pololu.com/picture/view/0J1007
http://www.pololu.com/picture/view/0J1006
http://www.pololu.com/picture/view/0J1006
http://www.pololu.com/picture/view/0J986
http://www.pololu.com/picture/view/0J986
http://www.pololu.com/picture/view/0J994
http://www.pololu.com/picture/view/0J994
http://www.pololu.com/docs/0J18/10
http://www.pololu.com/docs/0J18
http://www.pololu.com/docs/0J18
http://www.pololu.com/catalog/product/978
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/=: ;DAADL>C< 8DBB6C9H 6G: G:8D<C>0:9 7N I=: HA6K: EGD<G6B
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+DADAJ E> -D7DI OH:G H "J>9: R T +DADAJ DGEDGG6I>|

Command Command Data | Response

byte bytes| bytes Description

.:COH=HABBEBE6CBDI9K:GH>DX®/ E> /[/WW>H
M signature 8DBB66AHDIBDIDHE::9B 6CHIDEH A>C:
;DAADL>C< >; 68I>K: HD > >H JH:;JA 6H 6

-:696IAAKE-H: CHEOCBH CPHG6K6 ABHIH:FJ: C8:
M raw sensors

D; ILD 7NI: >CIH >C I=: G6C<:

M calibratedsensors -:69IBAAKS-H.CHPDGH: CBHA>7 BBIAIG HS
H:FJ:C8: D; ILD 7NI: >CIH >C I=: G6C<:

M trimoot ..CO9H KDAIPSIEDI=1G>B&EWILD 7NICtC=:

P G6C<:

M batterymillivolts .:C9H I=: 7611:GN KDAI6<: D; I=: E> >C B1 ¢
+A6BIHHCHE:8>7N6HIGBHBIH>80B8B6CTSH
;> @HBIBNIHE ::8>=>AHC <D #=;DAADHE>EEM

. A:C<l= HD=6lFHABKGD<@&D+BIIB6 CBID G :
M play music

96IBN11BG:69 : |I=play() 8D BB 6X&ection3 D] =:

Pololu AVR Library CommandReference; D& :H8 G>E;|I>DC
I=: BJH>86A 8DBB6CY9 ;DGBG6I

+:G;DGBBDJDB6A>7@C=BICCHDGH =DJA9
M calibrate 7T:86ABXAI>EB:6IH=GDHDOKIKEBEB56C,GDB
L=>1: ID 7TA68@

-H:IH=:86 A>7GH>BCGDJIBOLENHIH:92=:C
M resetcalibration 8DCC::8IID6CIAGKB6H=B6HIGGHLP I=BHAGK:
G:H:l ;DG :M6BEA: >C 86H: D; 6 EDL!IG <A>|

-:69BHAAKE-H:CHD:GHEKA>7TGO6AB.EO9HI>B61:H
I=EDH>D60B6B@CCO9IEGD7IK6AlLl=>8H
H:Jb8a@ILD 7NLCI: <K =:C=A>EBCO9HGCHDG
M line position + DG6GI+DGA:; | L=:C=A>CH>G:FJIANG
H:CHDGJEID L=:CPHCOHGCHD®DG6GI=:G
IDI=:G><=1l Section19 D ;D;l=Pololu AVR Library
CommandReference;DIG;DGBJAHAGD HI>BBED:H>I>DC

M clearLCD A:6GH I=:" H8G::C DC I=: E>
+G>CIH=6G68DI&H [=:;>GMNI>H=:A:C<lI=

M print DI=;DAADHPEEBB<6G 6 HHGH=play 8SDBB6C9
67DK:

M LCD gotoxy (DKI:H:. 8JGHMIGBDDGI9<CKIZT®I=C:MLD
7NI:H
/[JGCHGD7AMBCEG>4=I>B6A>7EBIGKL<=:C=;

M autocalibrate GD7DHDH>IOKCEB>C:1JGCH8=6G 688G : C
8DBEA:I:

M startPID CIHESE6G6BACA>EHDAADL>Cx®HHI1 6

TNH:IHEB6M>BEBIBIG::/5=:C:MDJAN|:617 8

MEG6CH>DC $C;DGB6I>DC +6<: D;


http://www.pololu.com/docs/0J18/3
http://www.pololu.com/docs/0J18
http://www.pololu.com/docs/0J18/19
http://www.pololu.com/docs/0J18
http://www.pololu.com/docs/0J18
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6C9G.EG. €3 E6G6B:IEG3>;>86RAAN:GC8:
>C=BDIME::HAAH:ID"' [6 7 [89L=:G:
' >H=EDH>D3IBA>6H:H8GBE7DOKE:C9 >H=:
9:G>KA@PK/=:>C|:<IGEBEIKD¥BEA:B:€09>H
EGD<G6Bection7.c ;DBDGC;DGBBPIGBH A >C:
i DAADL>C<
M stopPID .IDEH +$ A>C: :DAADL>C< H:II>C< BDIDG H
IBDIDGIJGCDOXELGEGBEHE: ®;, D;JHD
M M1 forward “JAA HE::9
IBDIDGIIJIGC?E&@ LIXd8HE::®; D;JEID
M M1 backward “JAA G:K:GH:
CIBDIDGIIJGCIOXLE&EGBHE: DD, D;JED
M M2 forward “JAA HE::9
IBDIDGIIGC?2EE@ LIXd8HE::®; D;JEID
M M2 backward “JAA G:K:GH:
Source code
#include <pololu/3pi.h>
/*
* 3pi-serial-slave - An example serial slave program for the Pololu
* 3pi Robot. See the following pages for more information:
* http://www.pololu.com/docs/0J21
* http://www.pololu.com/docs/0J20
* http://www.poolu.com/
*
/I PID constants
unsigned int pid_enabled = 0;
unsigned char max_speed = 255;
unsigned char p_num = 0;
unsigned char p_den = 0;
unsigned char d_num = 0;
unsigned char d_den = 0;
unsigned int last_proportional = O;
unsigned int sensors[5];
/I This routine will be called repeatedly to keep the PID algorithm running
void pid_check()
if(pid_enabled)
return;
/I Do nothing if the denominator of any constant is zero.
if(p_den 0| d_den 0)
{ set_motors(0,0);
return;
}
/I Read the line position, with serial interrupts running in the background.
serial_set_mode(SERIAL_AUTOMATIC);
unsigned int position = read_line(sensors, IR_EMITTERS_ON);
serial_set_mode(SERIAL_CHECK);
// The OproportionalO term should be 0 when we are on the line.
int proportional = ((int)position)  2000;
/I Compute the derivative (change) of the position.
int derivative = proportional b last_proportional;
ME6CH>DC $C;DGB6I1>DC +6<: D;
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/I Remember the last position.
last_proportional = proportional;

/I Compute the difference between the two motor power settings,

/I m1 B m2. If this is a positive number the robot will turn

/ to the right. If it is a negative number, the robot will

/I turn to the left, and the magnitude of the number determines

/I the sharpness of the turn.

int power_difference = proportional p_num/p_den + derivative p_num/p_den;

/I Compute the actual motor settings. We never set either motor
/] to a negative value.
if(power_difference > max_speed)
power_difference = max_speed;
if(power_difference // A global ring buffer for data coming in. This is used by the
1 read_next_byt(%) and previous_byte() functions, below.
char buffer — 19%;

/I A pointer to where we are reading from.
unsigned char read_index = 0O;

/I Waits for the next byte and returns it. Runs play_check to keep
/I the music playing and serial_check to keep receiving bytes.

/I Calls pid_check() to keep following the line.

char read_next_byte()

while(serial_get_received_bytes() read_index)

serial_check();
play_check();

/I pid_check takes some time; only run it if we don't have more bytes to process
if(serial_get_received_bytes() read_index)
pid_check();

char ret = buffer[read_index];

read_index ++;

if(read_index >= 100)
read_index = 0;

return ret;

/I Backs up by one byte in the ring buffer.
void previous_byte()

read_indexN;

if(read_index == 255)
read_index = 99;

/I Returns true if and only if the byte is a command byte (>= 0x80).
char is_command(char byte)

if (byte

/I Returns true if and only if the byte is a data byte (

MEG6CH>DC $C;DGB6I>DC +6<: D;
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/1 1§ itOs not a data byte, beeps, backs up one, and returns true.
char check_data_byte(char byte)

if(is_data(byte))
return O;

play("o3c");

clear();

print("Bad data");
lcd_goto_xy(0,1);
print_hex_byte(byte);

previous_byte();
return 1;

I N
/I COMMAND FUNCTIONS
1
/I Each function in this section corresponds to a single serial
/I command. The functions are expected to do their own argument
/I handling using read_next_byte() and check_data_byte().

/I Sends the version of the slave code that is running.
/I This function also shuts down the motors and disables PID, so it is
/I useful as an initial command.
void send_signature()

serial_send_blocking(O3pi1.00, 6);
set_motors(0,0);
pid_enabled = 0;

/I Reads the line sensors and sends their values. This function can
/I do either calibrated or uncalibrated readings. When doing calibrated readings,
/I it only performs a new reading if we are not in PID mode. Otherwise, it sends
/I the most recent result immediately.
void send_sensor_values(char calibrated)

if(calibrated)

if(!pid_enabled)
read_line_sensors_calibrated(sensors, IR_EMITTERS_ON);

else
read_line_sensors(sensors, IR_EMITTERS_ON);
serial_send_blocking((char )sensors, 10);

DGEDGG6I>]
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/I Sends the raw (uncalibrated) sensor values.
void send_raw_sensor_values()
send_sensor_values(0);
/I Sends the calibated sensor values.
void send_calibrated_sensor_values()
send_sensor_values(1);
/I Computes the position of a black line using the read_line()
/I function, and sends the value.
/I Returns the last value computed if PID is running.
void send_line_position()
int message  1;
unsigned int tmp_sensors 5.
int line_position;
if(pid_enabled)
line_position = last_proportional+2000;
else line_position = read_line(tmp_sensors, IR_EMITTERS_ON);
message[0] = line_position;
serial_send_blocking((char *)message, 2);
/I Sends the trimpot value, 0-1023.
void send_trimpot()
int message 1
message " = read_trimpot();
serial_send_blocking((char *)message, 2);
/I Sends the batter voltage in millivolts
void send_battery_millivolts()
int message 1
message” = read_battery_millivolts();
serial_send_blocking((char *)message, 2);
/I Drives m1 forward.
void m1_forward()
ME6CH>DC $C;DGB61>DC +6<:



+DADAJ E> -D7DI OH:G H "J>9:

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_ ml_speed(byte == 127 ? 255 : byte2);

/I Drives m2 forward.
void m2_forward()

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_m2_speed(byte == 127 ? 255 : byte

/I Drives m1 backward.
void m1_backward()

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_ ml_speed(byte == 127 ? -255 : -byte2);

/I Drives m2 backward.
void m2_backward()

char byte = read_next_byte();

if(check_data_byte(byte))
return;

T

+DADAJ

DGEDGG6I>]
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set_m2_speed(byte == 127 ? -255 : -byte

/I A buffer to store the music that will play i{%he background.
char music_buffer ;

/I Plays a musical sequence.
void do_play()
{

unsigned char tune_length = read_next_byte();

if(check_data_byte(tune_length))
return;

unsigned char i;
for(i=0;i<tune_length;i++)

if(i > sizeof(music_buffer)) // avoid overflow
return;

music_buffer[i] = read_next_byte();

if(check_data_byte(music_buffer[i]))
return;

/I add the end of string character 0
music_buffer[i] = 0O;

play(music_buffer);

/I Clears the LCD
void do_clear()

clear();

/I Displays data to the screen
void do_print()

MEG6CH>DC $C;DGB6I>DC +6<: D;
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unsigned char string_length = read_next_byte();

if(check_data_byte(string_length))
return;

unsigned char i;
for(i=0;i<string_length;i++)

unsigned char character;
character = read_next_byte();

if(check_data_byte(character))
return;

/I Before printing to the LCD we need to go to AUTOMATIC mode.

/I Otherwise, we might miss characters during the lengthy LCD routines.

serial_set_mode(SERIAL_AUTOMATIC);
print_character(character);
serial_set_mode(SERIAL_CHECK);

/I Goes to the x,y coordinates on the Icd specified by the two data bytes
void do_lcd_goto_xy()
{

unsigned char x = read_next_byte();
if(check_data_byte(x))
return;

unsigned char y = read_next_byte();
if(check_data_byte(y))
return;

lcd_goto_xy(x,y);

/I Runs through an automatic calibration sequence
void auto_calibrate()

time_reset();
set_motors(60, -60);
while(get_ms()

T

+DADAJ

DGEDGG6I>]
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serial_send_blocking("c",1);

/I Turns on PID according to the supplied PID constants
void set_pid()
{

unsigned char constants ;
unsigned char i;
for(i=0;i

/I make the max speed 2x of the first one, so that it can reach 255
max_speed = (constants[0] == 127 ? 255 : constants[0]2);

/I set the other parameters directly
p_num = constants[1];
p_den = constants[2];
d_num = constants[3];
d_den = constants[4];

/I enable pid
pid_enabled = 1;

/I Turns off PID
void stop_pid()

set_motors(0,0);
pid_enabled = 0;

e

int main()

pololu_3pi_init(2000);
play_mode(PLAY_CHECK);

clear(); i
print(OSlaveO);

/] start receiving data at 115.2 kbaud
serial_set_baud_rate(115200);
serial_set_mode(SERIAL_CHECK);
serial_receive_ring(buffer, 100);

while(1)
{

/I wait for a command
char command = read_next_byte();

/I The list of commands is below: add your own simply by
/I choosing a command byte and introducing another case
/I statement.

switch(command)

MEG6CH>DC $C;DGB6I>DC +6<: D;
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case (char)0x00:
/I slient error B probable master resetting
break;

case (char)0x81:
send_signature();
break;

case (char)0x86:
send_raw_sensor_values();
break;

case (char)0x87:
send_calibrated_sensor_values(1);
break;

case (char)0xBO:
send_trimpot();
break;

case (char)0xB1:
send_battery_millivolts();
break;

case (char)0xB3:
do_play();
break;

case (char)0xB4:
calibrate_line_sensors(IR_EMITTERS_ON);
send_calibrated_sensor_values(1);
break;

case (char)OxB5:
line_sensors_reset_calibration();
break;

case (char)OxB6:
send_line_position();
break;

case (char)OxB7:
do_clear();
break;

case (char)OxB8:
do_print();
break;

case (char)OxB9:
do_lcd_goto_xy();
break;

case (char)OxBA:
auto_calibrate();
break;

case (char)OxBB:
set_pid();
break;

case (char)OxBC:
stop_pid();
break;

case (char)OxC1:
m1_forward();
break;

case (char)0OxC2:
m1_backward();
break;

case (char)OxC5:
m2_forward();
break;

case (char)OxC6:
m2_backward();
break;

default:
clear(); .
print(OBad cmdO);
lcd_goto_xy(0,1);
print_hex_byte(command);

play(Oo7I16crcO);
continue; // bad command

MEG6CH>DC $C;DGB6I>DC +6<: D;
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10.b. Serial master program
H:GBGAIEGD<GHEBIDEDCIGDHA: G HASKGD <GB 8AJS>DE=+DADAJ '>7G6EN
Section 6.a > Gbpololu-avriexamples\atmegaxx8\3pi-serial-master /=:EGD<GBBH><CDCBJDG®GC
Orangutan SV-xx8|http://www.pololu.com/catalogfproduct/1227] LV-168 [nttp://www.pololu.com/catalogiproduct/775] D GE 6 Hp
9':BDCHI®GU>&CHDHHZ2INDU>ALD76BANGI6EIDSDDEABGDCIGDAIMHIGEGD<G6B

B6@: I=: ;DAADL>C< 8DCC:8I>DCH 7:IL::C NDJG B6HI:G 6C9 HAGK:
Q") ")
Q+ +
Q+ +

/JGCBCDIB6HIEGHAGK B6HILSAAHEAGNCC BIMHGBRAADIINSH><CEOJGHAGKDIGS:
8D9: <V E> /W:B6HILEGAACECHIGIBAGKI>HEAB®N CBCWABGN=DGC+G:HH>C<
7DIIDC=B6HBGIH-IHAGR<D=GDO8&IID 86 A>GBIHISML>>NDI6ECAKHAGBKGDICI
JH>G< 6C97JIIDECG-BO6HILG>K>: L3 CCHBE@®AC=B6HI:GYHtDA9SOKIG: 7JIIDC
86JH:H I=: HA6K: ID 9D +$ A>C: ;DAADL>C<

Source code

#include <pololu/orangutan.h>
#include <string.h>

/*
* 3pi-serial-master - An example serial master program for the Pololu
* 3pi Robot. This can run on any board supported by the library;
* it is intended as an example of how to use the master/slave
* routines.
*

* http://www.pololu.com/docs/0J21
* http://www.pololu.com/docs/0J20
* http://www.poolu.com/

*

/I Data for generating the characters used in load_custom_characters
/I and display_readings. By reading levels[] starting at various
/I offsets, we can generate all of the 7 extra characters needed for a
/I bargraph. This is also stored in program space.
const char levels[] PROGMEM = {

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b11111,

0b11111,

0b11111,

0b11111,

0b11111,

0b11111,

Ob11111

h

/I This function loads custom characters into the LCD. Upto 8

/I characters can be loaded; we use them for 6 levels of a bar graph
/I plus a back arrow and a musical note character.

void load_custom_characters()

lcd_load_custom_character(levels+0,0); // no offset, e.g. one bar
lcd_load_custom_character(levels+1,1); // two bars
Icd_load_custom_character(levels+2,2); // etc...
lcd_load_custom_character(levels+4,3); // skip level 3
lcd_load_custom_character(levels+5,4);
lcd_load_custom_character(levels+6,5);

clear(); // the LCD must be cleared for the characters to take effect
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/1 10 levels of bar graph characters
const char bar_graph_characters[10] ={'',0,0,1,2,3,3,4,5,255};

void display_levels(unsigned int *sensors)

clear();
inti;
for(i=0;i<5;i++) {
/I Initialize the array of characters that we will use for the
/I graph. Using the space, an extra copy of the one-bar
/I character, and character 255 (a full black box), we get 10
/I characters in the array.

/I The variable ¢ will have values from 0 to 9, since

/I values are in the range of 0 to 1000, and 1000/101 is 9
/I with integer math.

char ¢ = bar_graph_characters[sensors[i}/101];

/I Display the bar graph characters.
print_character(c);

}

/I set the motor speeds
void slave_set_motors(int speedl, int speed?2)

char message[4] = {0xC1, speedl, 0xC5, speed2};
if(speedl < 0)
{

message[0] = 0xC2; // m1 backward
message|[1l] = -speed1;

}
if(speed2 < 0)

message[2] = 0xC6; // m2 backward
message|[3] = -speed?2;

serial_send_blocking(message,4);

}

/I do calibration
void slave_calibrate()

serial_send("\xB4",1);
int tmp_buffer[5];

/I read 10 characters (but we won't use them)
serial_receive_blocking((char *)tmp_buffer, 10, 100);

/I reset calibration
void slave_reset_calibration()

serial_send_blocking("\xB5",1);

/I calibrate (waits for a 1-byte response to indicate completion)
void slave_auto_calibrate()

int tmp_buffer[1];
serial_send_blocking("\xBA",1);
serial_receive_blocking((char *)tmp_buffer, 1, 10000);

/I sets up the pid constants on the 3pi for line following
void slave_set_pid(char max_speed, char p_num, char p_den, char d_num, char d_den)

char string[6] = "\xBB";
string[1] = max_speed;
string[2] = p_num;

string[3] = p_den;

string[4] = d_num;

string[5] = d_den;
serial_send_blocking(string,6);

}
/I stops the pid line following

T
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void slave_stop_pid()

serial_send_blocking("\xBC", 1);

/I clear the slave LCD
void slave_clear()

serial_send_blocking("\xB7",1);

/I print to the slave LCD
void slave_print(char *string)

serial_send_blocking("\xB8", 1);

char length = strlen(string);
serial_send_blocking(&length, 1); // send the string length
serial_send_blocking(string, length);

}

/I go to coordinates x,y on the slave LCD
void slave_lcd_goto_xy(char x, chary)

serial_send_blocking("\xB9",1);
serial_send_blocking(&x,1);
serial_send_blocking(&y,1);

int main()
char buffer[20];

/I'load the bar graph
load_custom_characters();

/I configure serial clock for 115.2 kbaud
serial_set_baud_rate(115200);

/I wait for the device to show up
while(1)
{

clear();
print("Master");
delay_ms(100);
serial_send("\x81",1);

if(serial_receive_blocking(buffer, 6, 50))
continue;

clear();
print("Connect");
lcd_goto_xy(0,1);
buffer[6] = 0;
print(buffer);

/I clear the slave's LCD and display "Connect" and "OK" on two lines
/I Put OK in the center to test x-y positioning

slave_clear();

slave_print("Connect");

slave_lcd_goto_xy(3,1);

slave_print("OK");

I/l play a tune

char tune[] = "\xB3 11606gab>c";

tune[1] = sizeof(tune)-3;

serial_send_blocking(tune,sizeof(tune)-1);

I wait
wait_for_button(ALL_BUTTONS);

/I reset calibration
slave_reset_calibration();

time_reset();

slave_auto_calibrate();

T
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unsigned char speedl = 0, speed2 = 0;

/I read sensors in a loop
while(1)
{

}
while(1);

serial_send("\x87",1); // returns calibrated sensor values

/I read 10 characters
if(serial_receive_blocking(buffer, 10, 100))
break;

/I get the line position
serial_send("\xB6", 1);

int line_position[1];
if(serial_receive_blocking((char *)line_position, 2, 100))
break;

/I get the battery voltage
serial_send("\xB1",1);

/I read 2 bytes

int battery_millivolts[1];

if(serial_receive_blocking((char *)battery_millivolts, 2, 100))
break;

/I display readings
display_levels((unsigned int*)buffer);

lcd_goto_xy(5,0);
line_position[0] /= 4; // to get it into the range of 0-1000
if(line_position[0] == 1000)

line_position[0] = 999; // to keep it to a maximum of 3 characters
print_long(line_position[0]);
print(" ");

lcd_goto_xy(0,1);
print_long(battery_millivolts[0]);
print(" mV ");

delay_ms(10);

/I'if button A is pressed, increase motorl speed
if(button_is_pressed(BUTTON_A) && speedl < 127)
speedl ++;
else if(speedl > 1)
speedl -= 2;
else if(speedl > 0)
speedl = 0;

/I if button C is pressed, control motor2
if(button_is_pressed(BUTTON_C) && speed2 < 127)
speed2 ++;
else if(speed2 > 1)
speed2 -= 2;
else if(speed2 > 0)
speed2 = 0;

/I if button B is pressed, do PID control
if(button_is_pressed(BUTTON_B))

slave_set_pid(40, 1, 20, 3, 2);
else

slave_stop_pid();
slave_set_motors(speedl, speed2);

10.c.Available I/0O on the 3pi's ATmegaxx8
[=::6H>LENDMEG6ICDIE>8GIE67>ABGD A ACND JE>CBV HBGGHIWSIBD CIGDMAA:9
B>8GD8DOIEDBRAD® HAE:H 8 G > Be@ion10.a /=>6HAADIDHDE D CCN®IBQ 9 > | >BCHIADC>8H
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IDNDHG8DCB6GND8D 6 CEICABNI SNDBDB 6 @DCC:8IBDPX3H 6C9 DQG=:E>=:H:
ILE>EB3DBEAJCAMNAIS <4 6BA>A=HADCCIB+:/B:<6MMOY-H BD9JIA=:C=6BD 9 JAH
:C67MDPDBB6CG: AN+ 6C9 ;D& C:G6A EIEPHRGEDI6CHLI=:BDB:G&8BBBJC>861>DC
L>16CDIB>BGD8DGHEBABARN SDIKIBOGRANBEIICOI=ANDU>LA:IBDCK=CH><UOB A

-. A:K:AH DG 0. ID 8DBBJC>861: L>1= 6 8DBEJI:G

$G99>IMBC 6C9 I=: EXSD7BIBIA>B>CJIB7DG *A>A=H36C:JH:6B-CEJDHHI99>I>DC6A
H:CHDGDBID C 16934 | >BCHIAL MO8H HDBE:GKBHH$ *A>@:61C:688: HIH:GD I=<E 6 %BH
I=8:CIDG=:E>:IL::IGILBDIDGE7 :A:9 + 6C9 S$NDOEGIH>€EEMEG6CH>DC
@>1 I=:H: A>C:H 6G: 7GDJ<=I1 JE ID I=: :ME6CH>DC +

+>GH 6C9 6GEABAOCC:8DB=6GILKXE:BDKHFDGTAD8 @E:BDKI=G=DGI>C<
7AD8I@36CHtI=:FHE>CPISDDA CA:8IGDICEIHE86C:IJH:O0H>1=6G><46BGEGBC6AXEII
2=:CIH=DGTAOBMEAG68BDCIGHDRBFI|;OB=$-H:CHDE:K>-IH=D GTAOSBI®: B D KI:=9:
:B>116330AL6MNE>C >H9:9>8@ICH ACHFIGBDCCIBKDAISXK>P>G836ADC>IBGH
7611'GDIAIB=:GCIH=DGTAOBBMEAGBCE>C >d9:9>8@GICH ALEIFIEADCCIBIHIH:G
IG>BB:G EDI:CI>DB:1:G L=:C >IH H=DGI>C< 7TAD8@ >H >C EAG68:

Note: $ND86AA+DADIAIA>7GCHGOIMERGI>LE8I1>BCH:>AL >SK3€ =><DG:
9JG6IDDCH:CHEDGOCOL>AAGG>K3€ ADIBBD:H>K:Gj=+ H=DGTADBI
G:BDKS$ P=>7H=6 KDAL | : GL >G==6N D6 CIC8 D C Cl B | ND68D9>|,=NA>7GB®G:N
ID >C>1>6A>0: I=: H:CHDGH L>1=6 7D<JH :B>I1:G E>C : < >CHI:69 D;

____________________________________________________________________________________________________________________________

$;NDIBGL>AAXDO<>KIE I=:" 6H>HG:FJ>G=9CNDJIH:I=:expansion kit without
cutoutsihttp://mww.pololu.com/catalogproduct’/978] N D<J6 6@ 8 . HH:K: B BA&: *A>C- B DK >E & 8DBEA:I:AN
;G:1H1=G": 8DCIBBCH + ©6C9 6C9B6@IH;DIJG 96IB>CH + + 6C9
6K6>A0O&AB MBI NDIDHIE= 96IB>NHDBIHBI6 @H:JG=6F: A |:GUEI8 | OMTEIDC;A>8I
L>IE=61:KNB8DCCIB+:B+>GH + 6C9%9 8DCCIB+*JHEIH=7JI60@H 8DCCIi8IH:
<G:JH'G $PHBEDADEOI=6H 6C9 6GEAEHDD<G6RBRBEEBIDBIJHIDADCCEGBNI=>C<
=:G: I=61 LDJA9 >CI1:G;:G: L>I= EGD<G6BB>C«<

.D>CIJBB6BENGH 6C9 6GE8DBEA:;IGAN<3BA>C=HE6C:JH: D& C:G6A EF GEIDHS:

/1" H:G&PRBJC8>6%8BIC 6C9 86C:;G:;GCGDE=6G9LBN:BDKI=C:&GHE:81>K:
H=DGTAO&@ HB6C:JH: 0 G C6ALTEIGI><4HBEACI 6C9 6G2:9>8®ICH ATEIIH
+>GH + 6C9 7:8DBDBEA:;IGAN <3 6A>OENDG:BDIK:! 6CE>GH + +

6C9 6GA><HBEFA>U=NDI6CH;:D&:GIGEEA>85NMDMICHGG:CIDND8S86JIBDC ; A7=8lLH C
I=:B 6C9 I=:>G 6AI:GC6I: ;JC8I>DCG6A>IN

ID®D G:C;DGB&IA:BI#::Section9 ;DG=: EE>CEHH><AB7@& B%ection5.e ;DG=: ExH8=:B61>8
9>6<G6B
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11.Related Resources
/D A:6GC BDG: 67DJI JH>C< |I=: +DADAJ E> -D7DIl H:: I=: ;DAADL>C< A>HI I

QWINAVR [http://winavr.sourceforge.net/]
QAVR Studio [http://www.atmel.com/avrstudio/]
QPololu AVR Library Command Referencghttp://imww.pololu.com/docsnJ1g] 9:16>AC;, DGB6THOHK: GN

;JC8I>DC >C I=: A>7TG6GN
QProgramming the 3pi Robot from the Arduino Environment [http://www.pololu.com/docsfJ17] 6 <J>9D
EGD<G6BB>C< I=: E> JH>C< |I=: G9J>CD % >C EA68: D; 1- .1J9>D

QAVR Libc Home Pagehttp:/imww.nongnu.org/avr-libc/]

QATmega328P documentatiolfhttp:/iwww.atmel.com/dyn/products/product_card.asp?PN=ATmega328P]
QATmegal68 documentationhttp://www.atmel.com/dyn/products/product_card.asp?PN=ATmega168]

Q Tutorial: AVR Programming on the Mac [http://bot-thoughts.blogspot.com/2008/02/avr-programming-on-mac.htmi]

I>SC6AANDIAO>ED=:68DJIB®DBB: GICIF J: HI>DK:K6 | = 3pi Robot Group [http://forum.pololu.com/
viewforum.php?f=29] D C Pwololu Robotics Forumihttp://forum.pololu.com/]

-:A61:9 -:HDJGS8:H +6<: D;
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