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1. Intr oduction

Note: -H5 F HEEBHE9 F BhA06 985840 D =+ C 6 GHF @& < =D IX=Btk<B 9 K @Fmega328P
A=7FC7CBEBEHIEBRA 9 ;5 .<9GIFBEBAD FFa C7 CHOB<=6IDFC8®H=TBF
H<®CHHITHKA< D = .<9 .A9;5 =0GGI9BHEF@I®ESPB @5 7:CADBIIA9 ;5
K=HHK=H289ACFM% :@5G% ,' 5B8% C: *,)' GE<DFCB8OF=HE®B
H<9A9;5 G<CIKZFKR=HR<B=AEL@=:=7GBI=<QR9;5 H €8lolu AVR Library
[http://www .pololu.com/docs/0J20]B C K G I D D C FABG5H <

<FC@QDFIC6LOFEASC-@< DIF:CENPBBECRCOHENS=;IBGB79@=B9 :C @EBLCHKBBAS5NI
GC@IEBDIHZBKCBEB®BBCIF 65HHIFCGHEBG @ I8D8B B=EDL KGMGHEBHBH=<ACHGHG
FO,I@5HP8 D=6G5D56@DP9IBKEC 7AG97 KB& AL =BF 9 7HIGBEES D +B<@ & BIVE AV H <

H <@®5 H HTHMH § 7959 G IH@&H G<@CNB G =5BHBPDH 5 B9 & @CoF AS5KIY@ @ HE BIDBEH <A5SHHIF=9GC
FIED CKIFCO6TEHA I TEVG 9AR @HEIEKL=7ROHP@FACHLIPG: @ 9 7GIBBGEIEG 7<5F57HIF
& 56INNBEHAGOIFIG<6IHIBBBIFY@ @BBOABOBIPFC ,FS5AAGGA-YFC7TCBRBO@ @9F
A95GIF9G 5DDFCL=A5H9@M =B7<9G 7A =B 8=5A9H9F 5B8 K9=;<G (

.<9D=65GEHBHA9@A9;5 CF.A9;5 A=7FC7CBI{PBC@@FPRHAFOG <P.A9;5LL U
FIBBSB;'""N .A9;5 65@FBC6CHHEI IF® C: @ DFC; ADMACEBIB% , ' 5B8 6MHI9G
CDI9FG=GHP9BKAOACFMY9;5 65@FBBCO6CIHEI IFB C: @ FTEF<C; APMCFM , ' 5BS8
% CDO9FG=CGHPBHWIACEMIGL H<IA9,;5LIA=7TFC7CBASPGE®@ g AD 5 HK=64&<D
DCDI@BF-BEJ9@CDAIFBHEFAS5B8 89J9@C HAEETERID BIG - @SHHBYL HI9BGXH 9
@=6FAS29B6FOINOBHIK B ® <9BH I ; KSHB&K 55AD @PC ; FS5RASE 5 = @bk @BKC K

HCGO <5 F=M&BCADCBYBHO@@CK OIF: AEANCAD @35 GCFED =K @ GBRBABN9
GC@J=8B,;

*@IBEMHKXSBILHOFB5® *DFC; F5ARAIYEG | BSB AVR Programmer [http://www .pololu.com/catalog/
product/1300) =G FOQEI=F98 HC DFC;F5A H<9 D= FCG6CH

CF5 -D5B=GXFG=CBI<=8C7I1A9 BDHD 9 53%ololu 3pi Robot Guia Usuario
[http://www .pololu.com/file/download/Pololu3piRobotGuiaDeUsuario.pdf?file_id=0J137] ' D8: DFCJ=BM8
7IGHCA9F $51A9
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2. Contacting Pololu

3C 1758 <9 7<3pi product page [http://www .pololu.com/catalogproduct/975] : C B 88 =H =BB6 @A 54+B=-/CdB1 8 =8B ;
D=7HIF9G J=89CG 9L5AD@9 7C89 5B8 CH<9F F9GCIF79G

19KC1 @B9@=HEGDBFCMCI6CHIBOIMCDFC>DFB6CMCOEDOF KBHEDEC68CI75B
contact us [http://mww .pololu.com/contact] 8 = F 9 THB@ K& BC | férum [http://forum.pololu.com/] .9 @ @K <5KI98 =R 9 @ @
K<5H K9 7CIl@8 =ADFCJ9 K<5H MCI KCI@8 @=?9 HC G99 =B H<9 :IHIF9 CF
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3. Important Safety Warning and Handling Precautions

.<9DECG6OBICHBHIBBHE IB<x=@ 3EIB; 96966 CIQ@H<BECSCBHEBB BBI@HIFI=IG=CB
IG=B<BEC8MGEH;FBLHHEC @BQ@ Q@@ rECEBMB>IFBLASFO @ HHEBCCHE<®IF:CFAS5B79
CH<BGCS8IZHBFC8+BHED G=;BOBB & <C IB8HI G 98B5 DD @ = KoHDHOEG @ : | B THHCB
DFC8I7TH 7Cl@8 751G9 =B>IFM CF 85A5;9 *@95G9 H5?9 BCH9 C: H<9G9 588-

P CBCIHHOYADHC ; AWb@AIP==HGHHSF8BP&=8FB7<B9B&CGCHEKSH=BFC;F5AA=B,;

7 C | @@dnanently disable MCIB =#:MC+5JDIF7 <5FRFY&EDBF6 @HHIEFO B =H<DB8CBCH
5GGIA9TIBAI@@HEFE7 <5FH <O CHCAI-mAGH <9A9ID=58<6=-@BICB=HEFHHIFM
JCOHbBSBLS5AMEBY :C @EBCNOBGC COFISBRADG-FCIG8EIC K CC Y <0G H IFBBRIC |
G<Cl@8 =B7@189 =H =B MCIF DFC;F5AG GC;MMCF 7HB3BD @57 KB §8BHFA9

P.<9DECG6M03BH®OVMBC @ RCIKFCXBEBBIEMOEER ;798G FBE Cdl =7 H=<BC 65BB5G<=B;
<5B8G 5:H9F <5B8@=B;

P.<9DFC603BHI9BBBBSB8CCHFG@5H@IBHAAOMEHER:579GHFABBMB IPER IF:579G
H<5H A=;<H G7F5D9 CF 85A5;9 HE9" IBBGFCHB8F €I9CIFCAB8B8CHW

P JCIB@5H<BCO6CE <HKIBEIFE&+B899 AS?TE&BHGTHACBS8I7TAZH9F958@BCH
D@H&EAWD=B6=-B QKM HBBF HGTC | @B58 J9 FEHIOEHRI<®M5HHSB8SA5MCFC 6 CH
9J9B K=H< H<9 :D=<G8FHBE®B8, G5F=CIG D58G CF 7CADCB9BHG HC;9H<9F 7CIC

P-=BHX9 5B8HE&ADCBOMHOGCGHEOHSBBTPT 5| HOFECEGOTIHD £ C 6. A
I@ITHRBGCGRSHEEFTL|I @BAS <GB 6CH@OY 7THACBBAFG ?HBt<D-MCE<CILI@BGH
HCIBG5DPM5EH <PBC6GH 5G] <R<99 @EGH GG H 9EFHEH B8 ; 9GH <9 #:M Cil=FKBEI 7 <
7TCADCBOBIHE MCHF=82GT7=BH<FCH<9A<9IR5B8HEK;D+H 6B CHXIFGEBHGEHI 7 <
H < &<5B8=HC kb B-BEE 15 @ BN 5F= A 65 QGBI Y E <BIICdC BB G 738 £F CH <D =
5G H<9 9L7<5B;9 =G A589

P#MCHO9ACHS®Y H57BHRPEOD @ BIBPD<P=;€H=9B 3 HCBIG J H<P9 55 H HBH M H
=G DCGG=6@9 HC DIH H<9@IH=BEGSE?KEFBGI @B 8@5A5;9 H<9 & CF H<9 D

3. Important Safety Afning and Handling Precautions Page 5 of 68



Pololu 3pi Robot User's Guide © 2001D201 Pololu Corporation

4. Getting Started with Your 3pi Robot

I9OHHEBI,SKEMBCIB¥5BS @G =AB@S?=BBH<®CI588=B5HH SBBIGEB=BB <9D&E<=DG
K=H< 5 89AC DFC;F5A H<5H K=@ @ ;=J9 MCI 5 6F=9: HCIF C: =HG :95HIF9G

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

.<9 :C@@CK=B; GI6G97H=CBG K=@ @ ;=J9 MCI 5@@ H<9 =B:CFA5H=CB MCI

4.a.What You Will Need
<9  CO@CK=B; ASH9F=5@G 5F9 B979GG5FM :CF ;9HH=B; GH5FH98 K=H< MC(

P 4 AAA batteries. BM TO9OKOB®G@FGIHKIFO7TCAAOBS8 65HH K<=0®F B9 7 <HF6 HIB8
75B 9D | F 7 < %G Bololu [http://iwww .pololu.com/catalogproduct/1002] CBH B @ C GH@HM CIIGF 97 <HBF6 @ 9
65HH MCHO-CR@RIEH 5HHXBEHMFSHHIEMFED G =;IB88 BB E@HH 9 BB % &3 KEHOFMN G
G|17< 5iGIAX-BOAC [http:/iww .pololu.com/catalog/poduct/2260] A5M 69 1G98 KGHS 9B M E\NEFH

P AVR ISP programmer with 6-pin connector . <9 D=95HIFB CA9;5LIA=7FC7CBKIF@ BISF9G
5B9 L H9 MBE539F 5 AGA 9 EG] <Pblolu USB AVR programmer [http://www .pololu.com/catalogproduct/1300] C F
HAOQGIOWH-*GOF=98GD =58GH5B8DHEBFC;F5AAGCBB 9 GIICHDH- C ; F5 KA BR@BES5J9

56-pin ISP cable [http://www .pololu.com/catalogproduct/972] : CEF C BB 9 HHEFBYS5FI8 9 J =73 |IK = @@ L9 8
K<5H9J9F 756 @9 MCIF DFC;F5AA9F F9EI=F9G HC 7CBB97H HC 5 7TCADIH9F

P A desktopor laptop computer. 3aCIK=@9@5D IF G TEBA @I HCHBP J 9 @ GICCIBC, HB & C 5 &EB;H C
H<®D=<9DZ¥5BIDFC;F5A8BE8CIKGE 5B&=BOD9F5GIMB8 HOIAG @ G @ID:CFH7 G
=G @=A=H98

3CI A=;<H :=B8 H<9 :C@@CK=B; AS5H9F=5@G IG9:1@ =B 7F95H=B; 5B 9BJ=FC
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P-9J9KBEE<9ECHKGE =BIOGGCGHIFBILHHB HEE@OEG=DIDL@KMEBEM 9KS5E199 63HEB?
7CAACB@M 5J5=@56@9 5H <CA9 7CBGHFI7TH=CB GIDD@M GHCF9G

P&=;<H 7C@CF98 A5G?=B; H5D9 :CF >C=B=B; AlI@H=D@9 G<99HG HC;9H<9
P 6@57? 9@97HF=75@ H5D9 HC 7F95H9 @=B9G :CF MCIF FC6CH HC :C¢

4.b. Powering Up Your 3pi

<IO=F&CHOBG=BICBOKDECG6OHHEBGTLHAH 65HH9F=9G
“BHE®5 HHOTM B8 TBGCH <MGK = @IDBE 9 ACHL®
*5M8HH9 BIE=<&® BWC F =9 B 3 &HCHG BS@HD @+ 615 7B
H<KBGM<9B CIF3CBB=Hx<® F9ACMGBIBE&<CI@S8
@CC? @=7?9 H<9 D=7HIF9 HC H<9 F=;<H

)B7TBH<GO5HHSFIP @ VFOG<CF®@BH<® HEW& G=H=CB
CJIH<MPI9 BB H HITF@'BI?POC | BB 745 @9 <958DEKE9G
=BHC 5 7TCFF9GDCB8=B; :9A5@9 GC7?9H

(ILDDICGH<BDCKORHH@E 76 B<® GCHEH<PIBBEHHIOFM
D57AEGIRBBMCIB3CIG<CIGROI<HKE@ DXL KQ&F GCB
H<IBB8I9FE=B9D @ =;5BIH <D G <CIGDH =B BB =BG

DFO@ GOADF C;FEFA7S5B=ADEIK<DCKOFRH HCB=B
HBIFB<DE:S5BBICAI5BIGK<RI GIHH @QEE 75 HBB@ C K

H<9 DCK9F 6IHHCB HC F9G9H H<9 DFC;F5A H<9 FC6CH =G FIBB=B;

4.c.Using the Prloaded Demo Pogram

BCIFDZFCADE 9 @ K5IPBFC; Fb< S HACB G AESINRIGH5 H ITBH@ QVCCHE IG5 H& CF ? =B ;
7TCFFOTHI®MCI=FKBIHBBVIC I D -MCK=@93F6 99DB & IN<WCFFEC @ O@C6 CHILIBIAC
*FC,;,FDAODSE8=75HHBBCIFBIBBHEPIADFC , FHMNCLIOTHI9®DI B B CHIDBMILCHBI<9

& MCASNBOBGE8>IK<PCBHPSEBHBH CBAYBSBF E8®WCS5A&IBI<DFC;, KBAGHSFH98
GlI779C ®:F@EB6 | HHOBF C7H BiIA5=BIBIFrFIGGF HG 7 FC® QXHB5 7 ? K BIKF CH;<9
A9BIl 5B8 DF9GG HC A5?79 5 G9@97H=CB CF HC 9L=H CB9 C: H<9 89ACG

Battery: . <=&9 A&=G DI@<MICH TR B,9@ @ KIC BKGb@&S CJ9 cCoKE|l@ @M
7T<5FLCIHES5HHIPATA=HB<sOIADASF?98 K=@% 5HSE5H HTFRAAD DG | FI9ASBH =H
:FCA H<9 5B5@C; =BDIH 751G=B; H<9 BIA69F 8=GD@5M98 HC 8FCD HC GC

LEDs: @ =Bix<®98B8F99B X% GCCBI<IB8IFEiBIMCS5EHMCL5J0C @ M B®DH=CB5@
IGOF & G H<9M K=@@ 5@GC 6@=B?

Trimpot: =G D @ 5BICC CHECB HF =ABCGHIB H KEAFDE7EBDBBB8IF GHIBC5F 8
5GBIA68BHKOSBS8 1<=@9CGD AbNERHXETCAEQECEX-IBEE CG5BB @ 5BIGHYCG9
"FOEI9B7M =G 5 :IB7H=CB C: H<9 7IFF9BH F958=B; #H =G 95G=9GH HC HIF

Sensors:-<CK <BIFF¥BH8 BHGEH, GOIBAGEBGESFF5D <; ;965 AR5 CKHPE@97HS5B79
*@5750;: @ 9C6I=83BH®I C I EB ;|88 BO H <@ 9 B KGRB@GSXAC F F 9 G DFOBSBHM, - C D
J=GC M 5D<=80AR@GGE DO HEBE8=H5BBHH GBE&®M:97HSD FOBBHO,9A=HHIOFG
K=@%| FB®:8¢B-B8 @+ <HGB8=-HKEHGAF = =B/ 5B 8 0P® B@FB $§ W <GIBGCFG
G<CKH® B OBB =@ &M 8 KB=1@E<C: ,9ACIABOI ADAFF?98 8=G58OBIKBRC@®A=HHIOFG
751G=B; H<9A HC 5@K5MG 69 CB

Motors: "C @& KBCF HEIBI<ACHCH <RCFF 9 G DEBIBERE,@CKBCHB+HHB BB CH <
ACHGEGI|I @ H5BOWRICHEB% @ @8 ISR @MHGCGD9SBI COKBFC; FMOG5B K=H%8AB
Al7TACHRI889BEMDMCF HGK=H%RCFF9GDABBEBI IR HHEBEBEBDE ADGKIF75G9
=: DF9GG=B; =H K=@@ 8F=J9 H<9 7TCFF9GDCB8=B; ACHCF =B F9J9FG9
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Music: *@ 53BE85DHE=CB7GN;19=B '=BCEEAR=7FC7CBBBGCEOKEH@PFCH @=B;
HO9LH 8=GB@®3BWACBGHF5H9G H<9 56=@=HM C: H<9 D= HC D@5M AIG=7 =B

Timer: G=AB@EEDKTHHHHGHERHEBBOHC D KB87HE 9 G.5<HMG H C D K/80B/H=HBC9 G
7CIBH K<=@9 MCI 5F9 9LD@CF=B; H<9 CH<9F 89ACG

Note: # H<D £97 9 5B FEHHER = IADF C; F5BAS = H:=B56 | H HICED:GE G A< 9
IGOFH K=@@ GK=H7< =BHSedBdhHA6.8:@ FGAGCRHD AE.EF A-DI=CB

.<OGCIFHMOBTH<®IADFC; F5B 7 @ K&HE<*C @ CQ@ | &=6F8FGI7 F=BexBion6 =BI<9
: C @eBathpies\3pi-demo-program

4.d.Included Accessories

.<9ODECEHAIGHKEB<FCI;<FOR@G5BB KE<FCI;<
<SCOE@FPXB G.<9FEFBCBBY D{C=EBHxFODH=&£BG @
CBMCIBCBBRIIHE<®CKOMHHEB 8=K5xHB<D =GB
5BBHKIGOFCBHF R@ @THRPEI<FCBH C H<PCE6CH
/IG=B1t<9& 9G=GCAD @G B @B 5@ K =@ B7 H=I0BH
:=BR=H<BKRABCI75FIGHCAFN® 6 M7/ <CC QK ¥BI;F
89G=FOR6=BEHHOBBSFIXB GCMCT15BJ9IBwur
own LEDS [http://www .pololu.com/catalogtategory?20] =:M CK5BACF 9
7C@QCF 6F=;<HB9GG CDH=CBG

(CHO<MIEG<CIIBBIME G=-MCIFBPCA:CFBEGMEBIPF=B;
SBCE<CIHBFHHADEICE88CGC @ S5BRFEBSPCADCBI9BHG
BOS<M<FCI,; <& Cl@B& GC5FDC @ 5B\ 8HADBG C @BOIR\ 7TH< BHK@ C B@%F6 8 B B Ha®
D5B5F?R8HH«t9 9:CHOCGEC @BOFABICISBDFIGCEB<SAD @ 5BB <9 HB 57?6 | Ab< @k 5CH
9LD97H98 )B79 GC@89F98 =B IDD5997 /GE DICF@MCBFGAHX9 & @958G

3CIFD 5 @GCAOUH< FRYCFH@ BCZ 96 7<C @U@FIP9 819 @ @@ KK>=ALI5BIBC15BIGHCMNENB
D= 6M G9@97H=B; H<9 G<CFH=B;CFOMCP 775BQICGP M A=AEGHD [CEI"C CFG

4. Getting Started withaur 3pi Robot Page 9 of 68


http://www.pololu.com/picture/view/0J853
http://www.pololu.com/picture/view/0J853
http://www.pololu.com/catalog/category/20
http://www.pololu.com/catalog/category/20

Pololu 3pi Robot User's Guide © 2001D201 Pololu Corporation

5. How Your 3pi Works

5.a.Batteries
Intr oduction to Batteries

.<ODCKGMGCGEBBA<D69;=BEEHkk<OSHHIGCEHE AD CFHGBH

IB8OFGHOGIBIEC I HH KFCFOG6 5 HHAGBH S ZBE9 . M@ @MWMFC @ @ 98

7T<9A=HB5T H=6B®@OC 7 HBEGADCG=HHIFASBB@:<9G

H<9@IIKE H<B9;5H=3P9FA =BS54 GIT A A CiB/ B & <a¥kaline

battery K<=FG5GCEZEHB FIS57HOECBR NGB ASB;5BB&BCH; <
DCH5G&GOHEIRACE E &I HB-1BRD ? 56B HBIBFBO &6D @PHD B M| F

H<YMBBOHIIGIBH<D KIFI7CAARBBDF6 BDHO7?79@ AIHL@

<M8F%£89 65HHX<=9MBBFO97<BEXIBBB8IYE"'" 65HHIF=9G
5FR5GA&HB8=9F 9B A=FB5T HECBQ@ ? 56D +HBIPH #PC3 C BW
B99BZBCKBMHSE6BHKA< 9 A =8rbHBHIB €6 5 H HDIFIMF M M<CHB ;
BI9MCBCKECEHB IS GIKE85<9KG =ABOEAL 9 F@: = F3BH< 9

GHFIB=HK< =H<D@ 9 7B FEIBIxXBE&=KHA 95 G EBIC @M @ <9 Two rechargeable AAA Ni-MH
IB=BO @9 7/MHEFHIBB£{5'@® 65HHOFBIC @ HC558CIHO .C batteries.
IB8OFGHBRB/ DCKNETSBIIEIB 565HHYEMDBIHBCB CK

<CKR5BM@ 9 7 HRE®BHITEBMGCEKIGO 7 (RBIEF=6B<P@ 9 7THFEPDHB G IEBADG 71FFEZBH
7CFF9GHh&EaE3IE 9@97HRCBEGIHEBO=8B8BI &8 <OH OBPFGEGI7CKBB=2G | 75< | ; BIAGIF
H<SEOBGHELBETIHIGBOFAGADG =6@53-QV D ZIMERPIBBEAIO8=1A GAONHSB+, <8 H B8
=BW 7IFF9BH H<5H K=@@ DIH 5 G=;B=:=75BH GHF5=B CB GA5S5@ @ 65HH

CBEBB5HHO%EE HHOA®ORBEAC BB A CFIFFIBEC @ 5,08 16 19B<®5 H HKF@HEZDI9BHI5 @ @ M
SFCDDB@B@5MANIBEI <®@<TEH 77IIFHF 4B F F BIBH@ CKNGC1CBBOBBI=8S8 FOHIB@NH <9 F
K=PBHd<xK2FICBHWHK=CK =R ; CIIF SBBH @B B <5 H LA @ISD @ CE8BC @ @ CHGIBS
G<CKG 5 ;CC8 AC89@ C: <CK H<9 JC@H5;9 CB 5 HMD=75@ 65HH9FM 8FCDG

Battery voltage vs. current.

.<PowerDIBIEM65HHBEMGIBEMI @H=CHERCBNDAD GCI=BA9IS5GIFIABBHHG
CPOL5ADSGH<DC B3 7?8 <;F5DK9<5IDIJC@H5;90 5B87IFFZBH H<AG5BIxXbHHKI
DCKOGFHEIGH 1 #MCHK5BAL AOC K 9FKCB 9 9868 & C 6% H H SB-BR<@5HI9 KIC5 MHE G- phrallel
5Bries7CB:=;|IFEKO9GBEHSFECEBBOZFBBF 5 @-BB@@E < D-FG =HH-RIA=HBSBEG I B BBF
5@® < BF 5HFIPA FHBHEGI H<IE @ KBIH HAGS5 ABIH <AS5L=ATAFFEBHDEI& @ H=®MD =9 8
H<BIAG6LF65HH IAK-9BE< BMBC BB 97 BBF KFEH<DC G =HH-RIAEBSBACBBIABIXB®I ;5H=J9
HOFAEBI=@9 LHH<A5L = ATAF F SBIHHWG 5 AO< = i<PC @ AS @H = D=l 498BH <A5 L =ADACKIOF
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ClIHKIH® @ H=OND<E 3 6 TH5HHAE =86 CHKEZ9 C DE&HB KEI 7 ? FHHBKFH.FCR@ 517 €

<= <FRC | B#8H < ©NH BB08HB 5 TGH < EE F?=B 5 F 5 @ @RNOGI®BO @ @ +H: 95 HI9 8 <G5 AP =; <H
569:CR9-DW@W=JOR=-BEPACIBHS5HHEBOH<9G\H5BE3G RIA<OH<EFIHBRBCHPC;9H<9F
=B G9F=9G HC @=:H H<9 K5H9F HK=79 5G <=;< 6IH 5H H<9 G5A9 F5H9 5G

#EBDF57HKOCB @OUBBOTHHEBE=9E=9666975 &P F 983HH H KF-O@K 548 83 @ =;&3+D® 9B H
JC@HS5BBCH<BWBCBBI9ZWM%BF 5@ @HB CB5 Bl HOF@BAD ¥J B F HEEHIWI 5?80 FH HREGIH =B ;
DCKO9FIB<IB<HH®CH<O-BLCH<P=-F 74 XKBK5BAHCF/IAFF XBAS5BG8=;;8bHHO9F=9G

5B8 65HH9F=9G C: H<9 G5A9 HMD9 5@ @ <5J9 H<OD BB\ If@BHG CalIHAI HKD

.<OHC B3 B@IEKnegy =B BB5HHI@MA SIMIBB<IA=FBI HCEBI<B<IA=BFOLE5IGCGHOB
65HHOF@ED BC 81 D-BKIF=E5DD 9B53 15 @<DV@ B BB FFDFK 81686 5HHOF@IEO 58 =@ M
8FCD IBH=@M H{B®@EIH 5G G<CKB =B H<9 ;F5D< 69@CK

Battery voltage vs. time.

FCIA95GIF9<PACIBHYBIVMG HCHFBB5 H HIENBBEF NG @ @ =5 AD "<EH KBE=5BD97=:=9G
<CHOCB®SHHOF@BE@CH=J9B-G79BFHY9A " FoS5H=BI<®=G79FAP@H=-OECBEBCB,;
H<®5HH®BEBHWECSFS5KIFFSBHS5IC9 A 5B8<®5HH®BBIHGCIMGCKC| @B @k
5 A" 65HHOMKE8=G79HBRO5A5HHBIH MA MCKCI@BEB6CIB<CIECDI9F5KEBBIIF
65HH9FM 75D57=HM H9B8G H(C98PRYH®EB IGIC=MEC|: AGHOHF @B@MN 5FH A=BIHO9G

Note: # MC45IDIF7<FRIEBF6EEHHIEBEI® -MCE<C | @BGMFH <960 :CWMEQ |
“FIGM<9BCIG<CE®ISHHOAOHC ;Ab@IP==HGHHBF896=B&87<59B
&CG=B; DCK9F 8IF=B; Dpeg@nadmlpAdidble/NCCE@F8 D =

5.b. Power management

S5HHIEID BFOD@E <®SHHGFIERBAD 61 AS5BY@ 97 HEATEM@ROBHEED 9 7FCHLEGD 97=5@
?=B387CADCBS @HbRf)eregulator <9 @D BM C B J 9 HH®BH HLRMHB;PC B G B DBRH I.G@85;9
CBE@QCBsAD<569IB<OCGEFBAAEB;| @3E @G IBB = ; =H® @7 H HEB &EBEHW@.@O@ 9J9 @
.<OA=7FC7CEHEBBCE@@IP=F7I=BIKMEDIFHHPGOC @ W9;9@ 56-C03BI B HFFH®EIH K C
65G=7 HMD9G C: JC@H5;9 F9;I@5HCFG

PLinear F9; | @ 958G EGADDB6YFF HEHFM K I79BIVM=BG5GCEHIFCIBECKI7T<G
8=G75F890;|@PRACBIY@C KCIHDIC BBIAD=IBBI993BPIW.<=IK5GH*B@7=9BH
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5D D F Q\S7?9@= BR%; F@ THOFRL =7O8D D @ = thtsHUB@PB=9FIBBH K HHXBB DI B8
CIHDIH@ HEFCGDD @ = HbBEBERLHIFFOBBL5AD @O65HH P +1908 8 B CO

K=15@ =9 F@kHQ@BEOC H €H<IHBRNE= Bl <@ = BFO5 F@ 5+H-GB VM6 9 7 C ADGG@ =B95F
FO9;I@5HCFG CHeB5B9G&EPHF 5B8 HE KV FPBREBD@QAKNM: BEC BW; < DCK9F 5DD @:*

P Switching F9;1 @ SHEBCKEBBE:58<=;<F9EI9BZ@®HBRA®BHIHEB FC85TGH5S56 @D @ M
S5HH<®9G=FO@HBMB5F9: IKD &M 9H H3GBAKI @ 9 7 HEKFHTHS;B @ 5A5BPE&I7<ACF9
9:=7=19 BHEB= BFP5 F@ 5HIFI -Co-k@ @ W | BIB@ = b BHEEMB<G B - @ H&, 8K =H7<=B;
FO, 1@ YBBEBIGKHC @ HEB 8IE; <PEC@H5;09HCADCBSBH =H 7<= B@ 5 @ @®uctor
K<=1HCHPIW5 B & AC CHIKAGF F IBH< D =H <9B 8 | 7HBCFEF 56/Q@ BRH<®BD5 @50 @DHB 9 @ 98
T U 89G?HCADIBIGKSGIFD D@ MsOGEK = H 7= B@ S5MHICOPE F CH ;<09 B-HBI <®@5 7C M C | F
7TCADITB® C.CHBCBIH GB5PR8BZCE@AM<=/ICD KEKF5DBEBE IBRH<GH¥WB8I7HCF

.<9 DCK9F A5B5;9A9BH GI6GMGH9A 6l=@H =BHC H<9 D= =G G<CKB =B H<=(

.<9JC@HK5;I9 790 BBEFAWHKO9RBR 0 5B8J9BCO =5@ 7?5 @FBIE <=6£95BGB\C H
DCGCGCEH/Aam® M, | @b+PT @ HECBCKBCIHO #BGCGHIBI&E D SGCK=HTEB@ 5HH6BELEHG
65HHTHMHBHET 0 06CCHEBB@ =BS5S FQBEY,C®6660CGEGEHRCKBCO O 06CCIBIKIFG
H<9 ACHCFG 5B8 H<9 #, & G =B H<9 @=B9 G9BGCFG K<=@9 0 =G 1G98 :C

/IG=BHCCGH<ACHGCBGIBGCGEFHXDH<HBSFEDDF:CFABBBEIBHGIFEMDETH@&KHKG 7 <
IG9 65HH9FM DCK9F 8=F97H@M

P =F64;<PBF@ AS 59B\E ABC K9HA <OC H KEG <k HI=REB/AFFSBBI@;PFA CHEA=J9F

P-97CE8=BVE€C @ EEBD; 1 @ FDEHEBCE@ @ <O5ADD IDB <®5HHBFEBE A 8CKIBC
0 3CI75B5B8IJ5BICEHIKGIBFC;F5AMEBE=COL5AB@S @=6650HBHHGAEB
H<9 5ACIBH C: H=A9 H<5H =H H57?79G

P.<=F8H 05@@0HBE& G/I5BDCKIEBDFGEBGCHKHINB G H® C KD GG GG-ACD B H
C: DCKY9EH9 H<5H MCI| 75B GK=H7HCH&9%J® I TB ABBICDCKIF

)BICH<BHIF UG HBRCHKBGKCGM GHBASBGHKIFS 8| 5RABBMEBE D C K@ERO G 6 GHO
DK=QI@0 FHADL=ADOF:CFABBF®I 83896 @ M:G.<=15B5MCEM |FDFEGA=;KbBH
MCIF D= HC ACB=HCF =HG 65HH9FM JC@H5;9
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G=AD@R/IGRCB=HGFHBTLFAMH B|IF@BHE<D=<FFOG=GHCFG
G<CKBI<P=FhHIEH; JCADBRICRIB5,)-BIEHH DIHG@ B E;|% @
HEIKC H<€=H8@5 HHIIF® HGs 9 K< @@K B19GE5 : 6@ @ B KA5=B
A=7TFC7CHBIABCON®BBE @B8DIE@HK5;0 CRL5ADS@BH5HHIFM
JC@HK5;90 H<®5 HHILTFMAL,B=BICFH K=@®@3@9IL9@ 0
/IG=B; 65BB5@C; HCBBJ2HGET® =695H85J5 @09
0=69%85)J5@09 .C7CBJ9HI/?E <D HBDH@ HTFRMHE @ H=D@ M
H<BGAG6 BM AOX 5B8=J=63\9 .<=685B8@®BJI9BHEMH@M
H <1@ad_battery_millivolts_3pi() ' IB7TH=DBCJ=S8BB<9C @ C @I
& =6 F 33 98kction6.a :CACF9B:CFASK<E€BI 9F5HP@ 5 A D BBBG
FOHIFBG H<9 65HH9FM JC@H5;9 =B A0

unsigned int read_battery_millivolts_3pi()

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

5.c.Motors and Gearboxes

ACHEFGAS7<3+B<BEBJDRHIT HBOWI @C H=CGBFEFA5BM
8=9F9BIBEBEACHCHBH<ACGHDCFKHBEK FCGBHS&XG
brushedDC motor K<=7ZFG <lIMD®9B8BEBH<D= 6FIG<98ACHCF
HMD=I5@9@® M5 B 9 BBHGHS<OI HGBRIIJIF@ @/ HFCAEBAB=7
ACIBHHE <OCHEG¥55HFASHIFT6FIG8FCG @ =B=BCHXDRH5@
H<GH=-HZRCKHFCGBBBCH@<®I 5 <@<HHBE <BH;B9H=7
5HH F 5674HHCHXBC § @8 <A5; B 9HIB H = B DJ ([@H@SC HEMH < 9
G5A9 8=F97H=CB

<9 F = ASF@I H<® 91G 7 BE BBB AR HIADIGM 989 5G | EFD A

5B&HHT FEN95GIE®B Y 7GR NYDECBCIBJIBE79 =B7<DG U

IB=HIH CFBKIGHK<®ID 9B 8O BTHRF3B8=GH56F095AD6@9 ,

ACHIEEBIR C 81708 CHBC F E5® F C 837G €9 CNK = 15< =B 7 < ADPos Shal buored b

@9BFA CNK=t5< =BBIIPBFGECBI@H=D @MEEEBBDI98 ’ '

A95G | EBHKO 5 A=A JBGH<DCKBF @ = BNEAL HCHG 99

H<9F9:CF9 H<5H 5 ACHCF K=H< HK=79 H<9 GD998 5B8 <5@: H<9 HCFEI9 5C

JIFMCHCHBASL=AGDIKKIBCCFZBDD @5BBAS5L=AHCFEHIIB<ACHEGEGCAD@I9HI @
GHCD D985 @<®H4e-runningspeed5 B B st@ll torque (5H | F 55@ @QHIGRH®@ 93 G-HF BB BIBCCF 79
=6DD WEBB B <P FFB8BHKBCHKA<®5 HH 9C @B H=HoH 5@6ar8e-runningcurrent 5 Bs®all current
5F9 @ 6AD C FIHBBIHA THSBFG 7 H H<AR HEOGHE T @SBE IS @ T M =;<dRFBF 99 FIBB=B;
7IFF9BH 5G G<CKB =B H<9 ;F5D< 69@CK

5. How Your 3pi Works Page 13 of 68



Pololu 3pi Robot User's Guide © 2001D201 Pololu Corporation

Motor operation: current and speed vs. torque.

.<9:F99 FIBBBBE8E GAS5@ @ CHEGGI5@EBM<CIGEB8G
FCHS5BDOEBEI HHD A1 7 < =; <9 EHBG D 9K & 5 BHKIO< 9 9@6G
FCG6KEI| FBgearbox=GGMGE INS HE BB B I H<MOE; < CGOIDCK
HCFEIS8 IH<OC HCHH@ CKO®P 998; < FEIR HIHE EA 1 7 <
69HBO9FHCGE8F=J5BC6CID;95F5HEQ@BBI<D =G K<=7<
A9SBIGECBFIOFMIFB 8 <AC HEfSHHOIHMGIHH HBB7.%$=G
FO8IMHD<@DI®ON:57HCF 5B8=895@B@ MO GIFEM:57HCF

C: .<9 F9GI@H=B; D5F5A9H9FG C: H<9 D= ACHCFG 5F9 GIAA5F=N98 =B t
Gear ratio:
Free—running speed: FDA The 30:1 gearmotor used on the
Free-running current: A 3pi.
Stall torque: CNY=B
Stall current: A

<OHKK<9I@HX D O57<x5IDF58LGC =BK<=AI95S5BEBHASL=AIEFZFB5BFC8KEFHKC
ACHGEGKG8F =J =BF K /X CN<9DXK9=;56CIKNK=HBSEHHIGEIBCHGFGHFCB;
I9BCIH@ H:HD +D5J9FHE @@B 979 @OWBHH K H<@7 79 @ 9C SH5-IGBKMS 7TH A& : CFAS5B 79
—@=-ASNI8F =7 KC=HCM = FOB G H PHEC | K@ Gx®< 9 9IK-@ @-9D CH 9@ BVH R @HMF 5 7 HH=<73G
<5DD9BG K<9B H<9 G@CD9 =G 5FCIBS8 @)

Driving a motor with speed and direction control

)BB=HX=85CIH ACHLH<BIKI5B<5BHI®=F9 7TCHECB56MeEB H 7H<BBC @ ER+<4PMD @ =98
JCO@HEMLL5I9@ CEEHHBEBVCHUVETISBII<=CNMCIFGEORD®?=BCBBO7CEBICBEB 8 <9B
HIFBHB®X5 HHBFMBE 5?80 <ACHEP=B9J9FGACIFME8 C B BHb HKB5S HHEFEMI | B =
5BBE9JI9HCINIOFHM AB 998G 57 DR=BGHIGB 9 BbFF@B ; 9Q9BIE K=H 77S3BI B F=8; 9
5@§@CKG H<9 ACHCF HC GD=B 9=H<9F 657?K5F8G CF :CFK5F8G "9F9 =G 5
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#GK=H75B85FP@ C GISEOBIBSESHF HABF9® BHKKG-F CH,<xQCHCECE@ HB=; BB <ACHEGPBP=BG
:CFK5@BCCGRBH75B&75I1GI9GOIFF YN JOEEPI 75BBCAWCHICEEDEB7?K5B8 6F=8;9
75B97CBGCGHKIFIMOT <5BEGRE@BINEGFIC6CGHBG @ IB<B®,ACHFSBCGHGHKEHRGBGRIFFIBH
9@I97HFCBS 76 @E-@E6CHACHCBE<D SFY® & @BH G =BA@ SI&F= TXEID<.9 (!
5B8IHDERHE=AS=B=7FC7CEHDPCEERFHA<FCH <FE="DOF96H556EXL K<BICIHDIH
DCFHG * 5B8 * CB H<9 A=7FC7CBHFC@@9F 7CBHFC@ H<9 HF5BG=GHCFG

PD5 PD6 1 2 3 4 M1
C: C: C: C: C: 7C5GH
C: cCB CB C: :CFK5F8
CB C: C: CB F9J9FG9
Cz Cz CB CB C: 6F57?79

'CHCF ' =G 7CBHFC@ @98 H<FCIl;< H<9 G5A9 @C;=7 6M DCFHG * 5B8 *

PD3 PB3 1 2 3 4 M2
C: C: C: C: C: 7C5GH
C: CB CB C: :CFK5F8
CB C: C: CB F9J9FG9
Cz Cz CB CB C: 6F57?79
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-D9978C B HRBI@= 961985 D =@ -\ 7TH<BCHCF
69HKHMC HS5HBIGHE 56 @D D CIG®? 99D
<=;<5HO0 5QGEQ@ @& ;=TT WY@B &5J9
5@H9EBSHBPHK@BKO CH UsB8=;<<9
ACHGBGF=JRf@®=HDPHKIBY:CFKS55B8
T6FSTBHLASIG =BHEIFEFKSFBFO981798
GD99BBL5AD@9 =6=;KKIE<=E BIGH=AD
dutycycle H<9B K=@I@BDDFCL=A5H9@ M
C=HGAG® 998B HM<ACHLC@ HIEBIFENGC
DI@QGIGFMKB3H<AGH<C&D9PBBHF @
75Q@ @G99 KEBHRS5HIECBBIOL5S5AM@B=9G
C*l' DI@QGOGCKB <F5S5BH=;8B <®=029
H<DI@ G89TCFI5E0&L 8IHMM78KBC
H<9 ACHCF GD998 897F95G9G :FCA :l@@ GD998 8CKB HC 5 GHCD

#B'|<93:GD998BHzRE?@CAD@33339:397:FEW@speedcontrol,showinggradualdeceleration.

*1' CIHDCHHEAR5=B=7FC7CBHHE® @070 8
HEB<9BHOMMBATFAOBEB8=AIEF<=A95BIGHICA58 +H*aA"' 8| HM 7TCOHRHPKACHCBEPBHB <9
<bF8K5F9 K=@@ 7CBH=BI9 HC DFC8179 H<9 *1' G=;B5@ =B H<9 657?;FCIB8

. < Qet_motors() (IB7H=B BT @ 0@ & = 6 F 53F3$8ction6.a : CACFB : C F A 5HIMIE HKPI HM 7 @ 9
5B8HGOGETH97=8B35(@9 7CFFIGIHCBSETEHM7@BL5ADHEE9H CB 5B8 CB
MCI KCIl@8 75@ @

set_motors(171,84);

.C;9HC @ CO@MISG=B39E 19@ APEOBO<CKBI <F5DUCHC| @8 IBEF=3HDCIECDAHH815@ @ M
897F95G9G H<9 ACHCF GD998 CJ9F H=A9

Turning with a differ ential drive

.<9D=x56B-B89D9BEHRFE <IT@ 576 =< =DB 56 @G <C:& C 7 C A TH@ddiBahtial

drive. #HG @ BBC IGES TH58P=J@41BY9=6CIKHBF=JOKECAD @IBHD @APH 996 ME5H8 9 A
5lHCACK<@I® X&-BS@NWEHETHFGSHIOFE GNP 9 @B =B85 138=9F9B3HF—=@77CAD @ =G <9
6MIBBHEPBKACHGCBG 9 F9®M9 9883 <D F 9 J s6€ thidors() ILS5ADHE® KHIK@ @ =BG HIF
H<5BP=; 8H=JHBRC6.CHK5BS € <P=; <98 =9F 9B ®DD 9 886 9 F A<LBG &5H 991 KB=- @@
5B&ED-BEBR) YBBH77CAD BMEIBBEBACHCHF KS5BEBOS57?K5P&EBB=@EOGD97=5@ @
9:97H=J9 A5B91J9F :CF 5 FCIB8 FXI®CHC XBBFMIZ ISKCBMW D5F5@@9@ D5F?=B;
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The 3pi demonstrating the effects of various motor
settings.

5.d. Digital inputs and sensors

.<9A=T7FC7C BHIF-Q@5@BH<D S5BHA9@, A9;5 CR9;5 <56BIAGLFD=B&=7$B9
7CB:=; br®8; =HB@HHCBMPI M CDFF C; BEA CB 89D 9B EB<SIHHIBC @ HBH, S6CJI9
56CIH 0 CBKICKG H<9 7=F7I=H :CF CB9 C: H<9 DIG<6IHHCB =BDIHG

(CFAS5 @& @Mup resistor , ? 6F=B<PC @ ICBIXOBDDHBCO GEH958G 6IBMFIGCEB<8B;
6IHHCBBHAHBDHBFCIB® H<FCI;2F9GCG=IGHCHA | 7 @ C KHRFHBIS @G 9 . <=6F = Bi;<9
~BDIE@KHSFAV@ CIE&9 GE <®=M95BG 1=H<BLBI @ @9G-BHIBPKB|I @98: @ C5K<BBU
H<®IHHCGEBCHF 9 GCEBRB <P5 @R 958C | @B :9 7 HOMNF 9 G =8 CHaCBIX@ =BBHI9F:9FGBISF6 M
9@976F-BE@IPB=-GC KHbB K HE-BE® 9 5B9B D I® C 5IBBYE&5 IJD CCBISGEBHXDBDI @ @ 1D
FOGC=GHILADI FHSBWOB 7 @ K&IBH=<BD, RH<PIG =GHBCD=7HIFODFI9E9BBIEOIPBE @ |D
BCH 5 8=G7F9H9 D5FH CB H<9 D= 7=F71=H 6C5F8

ACFRCAD @ A GREFHXI=; =HBHERI <P9: @ 9 TGISBEBDFG G <B=F 7.IGR<DE@®9:HACGH
FO:@97H5BM<6BPBGGCGF/CBB97H98 HC D=B *
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.<9GIBPBIACBHDI: @9 TGHHIHPBSTEARD<CHCHFGBCGKB K@ <@/ K<=#GCBB97B 98
GI9FK9B&ED57=HCKI9D5F6HBB 9 THFIBEF CF G =GHLCE=B .<=G=-FH5PMIEIS5BIKS5;9
H<® HK®=; =HB@EHX< D, 75BF 97CB: 5G9 &EIHDCHBI®@ M8 =; =CII5HIDIHI GBOBEH@H 5 ; 9
C:0CFO089D9BEMMW<sIH=BEHE Cb 6MICDFC;F5xAK5MKCF28<BHKHD=BE@HI9FB5H9 @
GHE O0CIHDBB <®B=;=HBE@MEHI75D57GHCHFSFHIAD CFGE=<@HOBDHBS58BG IBH=@
AC&HEH <O H CFOBI<5Ga C K98~ CH;<®<CHCHF5BR3-BBEEC F= @ @ € &5MCIKH BPC @ KB, 9
H<P5 D57 MO@&FCKD B BTG 5F @ CHKG-CH®<CHCHF5SBB<FO B CE® H —B-HBMEFac ® =B

* 6@19

<OFS5KEBFIFFIB®IIKFCH;<D<CHCHF&SBIHHEBEE® = @ IO @ <BKHIB<PRC6LEI DO F=;<H
K<=@GBF:5HQ%5 @QHIHIABASI 7TACHII =7 H@¥EIBHG J DB @ 5FIF :5.FIHF5FOCKBC KB G
H5?RBIB<®@I9BEEGHBI<B8;69HKSO B SHFIF: 5SBBK<=EBRH<=6G<5Hd C @>GC® | FO<=H9

.<9@ 9 BCHK= AKX BIK®=; =HBGEHH HSMG GO FOK KB I K<=B889F®CB< 98 J BHD 5.<9
11 B 7 Heaf IBe_sensors() =SB @C0@ B=6FERMHA<®CGFBOG7F5>GOBBBIOH IHB® AGF
957< C: H<9 :=J9 G9BGCFG "9F9 =G 5 G=AD@=:=98 J9FG=CB C: H<9 7C89 H
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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_valuesJi] = time;

}

.<=0B=9C 9 C 89GC | B8R <:3= @\@ololuQTRSensors\PololuQTRSensors.cpp .<97C805?9d9G T H=A9F
(. K<=ZFEGDITFO5 @G0, H<EH<5JBCB:=; H®BI|BBI7 CBH=B =B GF®M 98BI £ B
[G 5G=7 HE@MD BO5 =IHBGIGED H<®@9B GREBJP@MTZIBHDHB <@ 5 MHGHBI <L F=me @ 9

#EHGADCHHBERIGCIODSFSHO5 6@ D@ 5 HGIEB-BTYE4I=A9F DI9F=C8CI%R BEKGD=B;

657RMN9FMCBI9HI7FH5BGEBROBSE CEBOH<®IBGEWMCBS5GIRBIR5Bs#H <OBDDRBFH

*#( H<®C H9F ACBI1s89 B G5B ;BB 9 7 CH 8H5= A B <®F Fsbnbbr_valuesi] "HH<M=A9

@ =Aathiue =6957<H&=GHLT O6MI:50BHD T CFF9 G DHC®B 8[tBH <@ CTEHBEB B <H9=A9

J5@19G 5F9 FOHIFB98

5.e.3pi Simplified Schematic Diagram
l@@ IB89FGH5B8=B; C: <CK MCIF D= KCF?G 75BBCH 69 57<=9J98 K=H<C|
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3CI75BCKB @D 8B F GG E 827 <9 Ahete [attp://imww .pololu.com/fileldownload3pi_schematic.pdf?file_id=0J19] (40k
pdf)
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6. Programming Your 3pi

.CECACHO=HKCIPH<BDBR D @HXBIADFC ,FOMC S BHGGCIFGRGBIIPASGBIB=NLTK=B0 WD 8

HOFC;FOHK<=FOEI=FPGADIBHBSBILHIOFB5@& *DFC;F5AA9EDBSB AVR programmer
[http://www .pololu.com/catalog/poduct/1300]

3CIK=@@BZI9GC . HKEFPHB CADNM@WFC ,FS5BBF5BB<YIAGICIPI=MCIDFC;F5AA9F
CHR =B8CIG®KR®FI7CAAXHBHHBBI79GCGGEFMGHMBE KB @ C5B& B G H SHaR®IclBAVR
Development Bundlghttp:/iwww .pololu.com/file-redirect/avr-development-bundle] (~200MB exe) K<=7< 7CBH5=BG

WInAVR [http:/iwinavr .sourceforge.net/] 5:F9ED9B GGIEEBIJ9 @ CBIKLTEIE< NV, :5A=@:M
A=7TFC7CBHFC@ @9FG =B7@18=B; H<9 I(/ ! 7TCAD=@9F :CF

AVR Studio [http:/Avww .atmel.comforms/
software_download.asp?category_id=163&family_id=607&subfamily_id=760&fn=d|_arStudio4Setup.exe] HA SGEF¥B HI ;F5H 98

89J9@CDBRIBHCBAI9BH B H=KIOF WG H.<= B0, V&: F 919 7TCAD=@9FHI8=C
=B7@1896&-* GC:HK5F9 H<5H K=@@ @9H MCI ID@C58 MCIF DFC;F5AG HC H

. < %Pololu AVR C/C++ Library [http:/imww .pololu.com/docspJ20] K<=7AS5?9-F5CGMIGCH<D8I5B798
:95HIF9G C: MCIF D=

.<9 8F=J9FG 5B8 GC:HK5F9,;,CF,+SABTC @I /-

#MCIFIG=B <L @C@10, *FC;F5AASI9J9 @ C b IABBEHOC b@B C | HCO M CE H 5 AHKA3I ; <
K 9G HE9@ @A AN BH5 B8 C A 9B @ CKQF CH :ogrammer user® guide [hitp:/www .pololu.com/docsdi3e] 5 B 8
" OIACFSA=R=HEBSHEBIGS5HIBEMITIFRG=B8=9F9ABHHC ; F5 A\ACH=@IDPBGCG ABMC I F
DFC;F5AA9F 6M :C@Q@CK=B; =HG =BGH5@@5H=CB =BGHFI7H=CBG

Note: . <FI9IGH<AG8R=GA IMGIFDFC;F5AM<BEG=BQ, -HI8=€R =B 8 CKIE
—HOGCGGHtB RO, A<M ERCHDO®5H: CAAAGEFIBIEB@HFICBEGCBKC ;F5AA=B;
=B7@|8=BBIB8 7)- 2 =BG H5 @RH= GBKY @B8lGu USB AVR Programmer User(3

Guide [http:/mww .pololu.com/docsdizs] 5B 8H < ®Pololu AVR C/C++ Library User@ Guide
[http:/Awww .pololu.com/docsd20] 1 9DFCJI@8ACHPD® CHD DFC;F5ABEBBS'S7 3CI75B
50GEC;AWWAIP+G=B<¥8I=BC5B8BRLHIEB5@FC;F5AAIEE | F- 0,

*FC;FOAASEBGHFICBI=EBBF @96 Fl = 8Programming Orangutans and the
3pi Robot from the Arduino Environment http://www .pololu.com/docs/0J17]

Warning: CB C3HH9ADHC ; WMb@AIB==HG6HHSF3R&5=-B8BB7<BB A5?Q| MCI1<5F

S5BHOK97<HF6 @HHIF@@GBMCHM CI=FIGMH <9AR CGPHOBCK8FF=BFC;F5AAGBQ 8
permanently disable MCIF D=

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

<FC@C@! 0, &=6FABMIBSGUINMCHCCH<DEISB7DBHIEME IDH<®@=6EHBEMEL F

5@@®@ <BLS5ADIBICL @ @ GRIB~CBIEC I'FC B J 9 B HES/®| FF1O8 T H < 9% A DEBBEDI A C
DFC;F5A =G =B7@1898 K=H< H<9 @=6F5FM

19F97CAADBIKRB @ CHh8@BSBEFAVEH<C @ CA@ 1 9J9@ CDARB®@ B9 G 7 F=Beron6 #:

MCCBBEMBHk@ =6 V6EIMBCKB @GCGHHB85BEBRA=FEBA | 7 <G A5 @0FC A Pololu AVR
C/C++ Library User @ Guide[http://www .pololu.com/docs/0J20]
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Note: .C@ 9PAFBEEFB CHXIB7TH=GBBEC @ COQ k=6 F5B8ICKICGH<9B @ 9G &P< 9
Pololu AVR Library Command Refer encefhttp://www .pololu.com/docs/0J18]

6.b. Compiling a Simple Program

JOFM=ADB@ADOFC;FIAH<ID =G J5= @5BHEIC @ 8@nhples\atmega328p\simple-test CF
examples\atmegal68\simple-test =MC45IDBC @ S E=HB8B.A9;5 .<@xamples :C@B9B9 CI|B=8B
H<®=F97KI<CHMIC+BGHB@W@O®LW | & = 6 F KKM ZEGilibpololu-avr\ 6MBO:5I.@H&OAC
DFC;F5A IG9G 5 :9K 65G=7 7TCAASREGEFEM H<9 *C@C @I

#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;

}

(5J=; 3HPD<iBple-test :C@ 8CH6 @ 9 CTHAD<S @hPle-test.aps 5B B <®DF C SX/THODEHBH CASH=75@ «
=B0, -HI8GXCKHB9:=@®?9G IAMCE 9 @< FGHEBEBDDFCDEEBSAOY7FC7CRHMCIF@9F
D= 5HA9:5 D =: MCIFOBY4OE€T@; AR BEDEI=5HA9 ;5
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AVR Studio showing the 3pi sample program.

.C7TCADH@®EGC;F6A @BaidH> Build CAODFFZG&CCTCRK5FB=BB@®FFCFB8=76MOB@ @ CK
5BF98CHEI<QIHDEHG D GBRINNWBKH <PDFC;FAFQRAD GADTIGC H@WENE F;9=@87799898
K=H<15FB=B;&O® @D 9bHH <9B &L . H<@IHDHB & : = @sBhex Ke@®BJB899RBFIO5SHBB<9
examples\atmegaxx8\simple-test\default C@89F
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AVR Studio build window, compiling the example project.

CBBWMCELOFFC;F5AMEIMCAD ISIBBHE <HA-*DCEHMCIDS5B8 IFBEA<D SWCKBMFIGG=8B;
H<®HHEZB6F@O8 # MCIFIG=B<L@C@I10, *FC;FS5AASFIIBHS& | & @ CH@&X/9
7CBB97HCF G<CIl@8 69 CB 5B8 H<9 MI@@CK GH5HIG & G<Cl@8 69 6@=B?:

Warning: CBC3HH9ADHC ; W6AIB==HGHHSF®R&5=8BB7 <9B A5?G | AWCT1<5F
5BHOK97<HF6 @HHIF@@BMCHM T I=FIGMH <9AR CGPHOBCKS8FF=BFC;F5AAGBQ 8
permanently disable MCIF D =

Note: SCIPFC;F5MAGFI-BGCGHB3 QFRFITHAAMVEIGCSEH MCIFRG=BI<*C @ C@ |
0, DFC;F5AR@P 5 G @se@Oguidelhtts/www .pololu.com/docs/0J36]: CF =BGH5@ @5H=CB =BGH
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Pololu 3pi robot with an Orangutan USB programmer connected to its ISP port.

-9 @ Yoblks > Program AVR > Connect HCCBBHEBHKDFC ;FS5ARMH<C@C-@1 0, DFC;F5/ CA9F
JF5B;IMEBDFC;F5AA®0:5ICADH OCIBG% CFO,#-*8B8 IHGKLCbH@8BOC@=CBB97H
5B8 HX%-* DFC;F5AA=B; K=B8CK G<Cl@8 5DD95F

3CIK=@E@0,#-*H@ Qstdex =BHEWHDACEMCIBP=CEUH<TI®@ F NI B <@ 56%7 6-BBB
CIO@PDIH@hex H<BHGCADO@BBEHPM<HMLL5I9C=FEES =; 8B OFF C8FHD 7 ICKk M
7T@=7? T*FC;F5AU =B H<9 @5G< G97H=CB 5B8 H<9 H9GH 7C89 G<Cl@8 69

6. Programming &ur 3pi Page 26 of 68


http://www.pololu.com/picture/view/0J852
http://www.pololu.com/picture/view/0J852

Pololu 3pi Robot User's Guide © 2001D201 Pololu Corporation

Programming the 3pi from AVR Studio.

#MCIPK5GI7T79COH@,EMNMEB<CKA@BG<GHBGIY<AIGCGCH /9@ @BI<® 5B8I<9

& GCGCHB<®C568&C B@3—+BM C4953H<19I BB B IN<@ = ; <@ BC 6+B CH <BDIGHGEH A5?9
GIRD<BHK® =GCFFI'@QMBE<D-5B8M8>|GH=8CBHIFbBOASC@ 9BHLBAIHIF
IBB9FG=89 C: H<9 D= 7@CG9GH HC H<9 65@@ 75GH9F
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7. Example Project #1: Line Following
7.a.About Line Following

(CKH<BMK<45I@ IS KEMRBCCADF@ADBO;F5A
CH<D=BNEAEBIISMC HFC6E®G CAIHAEB9
7TCAD@ #BIKeBS AD® € >IW@E @KC4C K C
AS5?BICIP=C @ @CK5@ 2BBK<=61D77;FCAdB8
7TCCF8=BHB-BGBREHEBE@ @ ECBB95H
=BHFC8HM®HEGBHC ;FS5AABBM5?795%;F95H
7CBHOYSW GG =@®@ =B9 :C @@ EBSB @Q6F®
G=AB@XBIFGCHB8ERC+b HBOFC; Wb@I B H C
CQ@®QOKBOH=A=MEHBEFFC;FbA5?MCID=

N C G/ C KIB<@ =318 <9=; < T®HD 8 G G<6 KVIOVE

57<5@ G985 B-BHFCBIGBI GG CAS8J5B798
DFC;F5AA=B; 7CB79DHG

T FORHCCO-BED @ CREFBGBIYCBGHECHEFH98
9K CQE@HFGI D@L IBEECAICEB:CFABB=CB pgq 3pi robot on a 3/4" black line.
6l=@ MBIFKBCIFG9QIH I HCEB&I@ng Line
Following and Line Maze Courseshttp:/iwww .pololu.com/docs/0J22]

7.b. A Simple Line-Following Algorithm for 3pi
G=AD@9 @=B9 :C@@CK=B; DFC;F5A :Exhkmpttsidnegdxz8\3piCneblblbecr @ 56 @9 =B H<9 :C

Note: B F8I=BC 7CADHHHHEBISGAD® C ; 5B B CKB @ GEB D BEH Palolu
Arduino Libraries [http://www .pololu.com/docs/0317] G $6ction 5.9

. <IGCIHTOBPACBGCHF5HIAMFIBHHIEHGD =B7 @ IB<@ :B9B GAFHBEFG 65HHI9FM
JC@H5;9 AEBE-HIONNIMFC;F5A <5G HKC D<5G9G

<O =F4+bGCH<DPDFC,;FHBA<9B=H=5 @BHNH@E = €BxI3 BC&BE 76 5 B 8 @\H5:9 B 7 HintiGalize()
.<=:G6B7H=EB@@BY®dH <®9 ; = B B=HBq1in() : IB7HEEBCFBEMHS@EHD D BBEH 5 ?P5FH < 9
C@O@@CK=B; GH9DG

5@ @eldu_3pi_init HGIAMH<DK=Hk<@IBGERIGHHC X IG 1G.<=G

A95BIGHKGIB GE@ K-GRE@MCA 7CAD @OHHEM 7CAD @OE@ SN B35 @4 9
=B8=75H9G HAWBH 5xXB®7EBIBEAFCC? 5H @DI5GH IG HC 8=G7<5F

=G D @ ¥MBBH HIT® H-D;19 | FE\H8I8ad_battery_millivolts(): IB7H #GES ADCFHBBB=HCF
65HHGF®HEHX MC IFC6E&CORCEIFDF=GFB | @ M5HH SBE&GCIGHC KBIF=B=<A=88@9
C57CADI9HERM+EBBFC;F5AAEBACF9OB: CF A5%9SEcHON 2 C :H <cdmmand reference
[http://www .pololu.com/docs/0J18]

5@=6FBHEFBBGC.CGEGG77CAD @MBIFBHBD HE <R=;5B& CH <@ =IBO=1092 @ =B ;
H <@8librate line_sensors()IB7TH=CB =B=AFBA5L=A0AQ@FP@BIF=B<HEAFOHCFR S8
. < =855@ @HGreHd line_sensors_calibrated() B 7 Hi+ EBH IB B H<® FH®8 > | GHEBB;PCAHC :CF
957G9B G CHEBG C AOM C [F9B GO B®mE-BF 9 BHG@IBOH <9 € ®ad line(): IB7HFECHD 5 HB F
H <AC 90800 9 BBG J =B5 @ = 6J55@1 I9980A C =B : C F A BHB2€6tiBn19 C H <«®mmandreference
[http://www .pololu.com/docs/0J18]
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=GD@5WM<B5@ =6 FkD+HBB B GIG 1885 65FF5D<<=@B9ACBGHHFSHIRILC: H<9
Icd_load_custom_character() | B 7 H HC B9 HK<=94ptnt_character) HA 5?78 B5GMG IR <9 H HXKE =B 9
GI9BGERGF?HDBELCDOF@WHS5 AHFPBELSCHACKFB : CFAEBGEBEH<WF 7CAAS5B3I®
Section 5C: Hemdmand referencelhttp://www .pololu.com/docs/0J18]

15=H=BH<IG 9HO F 956G H HEBY FVA D C F.iCBCGHIF-C 6BEEHG H BFH J +BHM @K 5B H
“SHGHSFERACI @BI9LD978B8@N 5 HS56(AMIIE MCIGBKEIBICHFBIFMHEHB,FC;F5A
=H 91 G N <@atton_is pessed(): IB7THHBB =EMCH O F 9lE<0 6 | H HKC<B= &-9G D @5 #85BI;HO F M
JCOKIBIBEEFS=BCRBCFOB:CFAEBIEH 8 B/GBA A5 B3%Bectiond C:H<dmmandreference
[http://www .pololu.com/docs/0J18]

#BI<QO7TIB<HGCH<DFC;FMEIPK=-=@XEIBELFE5BE HKACHGCGPI®BDFCDESGIEB@ M
H<P958=8B99BOEB@3E<5H<PRC6LCGCBH=-H&EB-B<CHIBBCOB57CB6 I =B0\B<@=B9
—B<CHIMBF=CHFH<3IHEIC@ @ GKISBLG +B GE Hihie(l) @CERP=K<@UBHEBDOS5H=B;
CJ9F 5B8 CJ9F IBH=@ H<OFFE®&IH=G HIFB98 C:

.<9:1B7HrediBine() =G5 @ &*x&B5?YGIBELFSSBFIHIFBGH=LFKBC6@H/E=H=CB
K=HFOGC DT +® -BGBIA6BPHKOI98B38 J5@09 A95BGEEHK® —BBE <@ LKBIBGCF
J5@39 A95BIGHKH® —BR=FOIBIBAEBGCF A95BGEGHK® —BR=FOIBi8@I B GEE8
GC CB

.<9 J5@19 F9rnddd- B @@=-6€GVM8=J=898 =BHC H<F99 DCGG=6@9 75G9G

Z 0D1000:H <RC 6<C38 H 6 <P=; € H <@ =BB < #5098 | KB< 5 F® @ MEGC HkP=;ABHEPB 998
HC 5BB<®@ AEHEPO99IE8 (CHIO<BHAS5L=AGDICBI<ACHECEBEG GBS FIF=IJHBY
F=;<H ACHCF 5H CB@M 56CIH DCK9F <9F9

Z 1000D3000H <PC 603D D F C L =ASBIHH MBI E® = BBl <ZHGE0GC BHE ACHER® 998 HC
8F=J9 GHF5=;<H 5<958

Z 3000D4000:H <PC 6038 A 8 <@ L H <@ =BBI < #HCGO9H | KB< 5 FHDERM= ;6 M5 9 H H=<MB= ; <H
ACHCF GD998 HC 5B8 H<9 @9:H ACHCF GD998 HC

9D9IBB8EK<=ACHGF®/ H=JBHKABF F 9 G D& BE&-H; FBOBCFACFEFBHIOFS8EEDBE;5M
.<=G 75B 5@GC <9@D K=H< 8961;;=B;

.CCDIDPFC; R0, GHI8M CA5 MCH &amples\atmegaxx8\3pi-linefollower 5SB&E=AB@INM@9 7T@=7"
C Bst.aps CADHa@DFC . FOLASBBNCIPSBBFEEHIBCIG<CL@B8<BIE FC 6086 @ EC @ @ CK
H<®BIFJE® C (@ =B0OI FIGOH <TIHCAD @ @K@ =BOKIJISESFAE& HGFSCJI=BBGD9Q@SH
ACGHCIBH<A5L=ADXCGCG6Q@PBB <@ ;CFFHGR@CHBB979GCGEHPEBtI<PRIFIoK
H<BG=BEBA=; KbPBHRCFCBH FMHEHB8>IEBHBADFHIEQ@ ;CF6H.CAQI=BBHE<BIIGD7H=CB
-CA9 =895G :CF =ADFCJ9A9BH 5F9

P#B7F95G9 H<9 A5L=AIA DCGG=6@9 GD998

P 88 ACF9 =BH9FA98=5H9 75G9G K=H< =BH9FA98=5H9 GD998 G9HH=B;G

PI=JUMCHCO6EADACKNMIOHNGL=AGAD 99B7 F 3595 69 9BB <@ =BOB G =G 8 5BK@ M
TM7@9G

3CI A=;<H 5@GC K5BH HC
P'95GIRAP<GD9o9EC8MCI®CAB=Bt=A=BB7H==EERBG®ection 17 C:H<d®mmand reference
[http://mww .pololu.com/docs/0J18IHC H=A9 5 :9K H<CIG5B8 7TM7@9G CF: ®Mo9G@=B?=BN H& 9 X

P =GDO%BETFS-BHGE® -=BKF=H+B<P® H5?DCE=;B=:5A6BBH =AWCGEG <C B@ 8
H<=G 5H ACGH :9K H=A9G D9F G97CBS8
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P#B7CFDIEFHNNSOBHAC IFFC ;F3QAIA=;<KkEBMCIPDH DO @AMz K<=@H9BF =J€F,;
A5?7%B:CFAS5898BE@YDIBBK<5HH B C=B;99%ection 3 C:H<&mmand reference
[http:/Avww .pololu.com/docsdl18] :CRACFOB:CFAXHBEEBBL<6INNIERIG=MCIWRBBMTGC H<9
*& 34 " % CDH=CB HC 5JC=8 8=GFIDH=B; MCIF G9BGCF F958=B;G

.<9 9BH=F9 GCIF79 7C89 HC H<=G G=AD@9 @=BOF. M@ FCKE=BFDEFTEF5A =G L

/*
* 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,

Ob11111,

0b11111,

Ob11111,

Ob11111,

0b11111,

Ob11111,

Obl11111

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()

Icd_load_custom_character(levels+0,0); // no offset, e.g. one bar
lcd_load_custom_character(levels+1,1); // two bars
lcd_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);

lcd_load_custom_character(levels+6,6);
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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
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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
// 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);
%Nait_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
/l 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)
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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);

/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

ACPHEBI5BOI8EID @ OKEBEEGR <D =6J5 = @6 EI@eBathples\atmegaxx8\3pi-linefollower-
pid

Note: B F8I=BC 7CADGHHERIESGAD® C; H5MB B CKB @ GEBDBEH Palolu
Arduino Libraries [http://iwww .pololu.com/docs/0J17] G $6ction 5.9

.<OHO97<BIEXRBI<SICEAD@C; FARC KkB# 7CBHIBB@®IGGCAH<DFC6 @ SHEBA=; <59
BCH=XK-9HBI<DF9J9CISA D@ 8 B < C b@3@ICHK CF 9 5 H BI/NF 3/bCSHIC 6 @AW @ GHOOBGBG H
=ADCFH%SBH@BW EOC@ BH=BIETE HIBIAD HEBCHG P 99BE <5HY9F ?=BBGBF9J=CIG
ILS5ADG@BRFOD 0cNbSACEHESDCBGHSBBECDCFHBED S @) 5 H=<I95F%9 << F9BD | H
J5@19G 1G98 =B 5 G=AD@9 :CFAI@5 HC 7CADIH9 H<9 GD998 H<5H MCIF FC6

P . <$roportional J5@468DDFCL=[BEE&D@mMHE: C BS GEDHOWE =HH—HEBG HEF @ = B<B HG :
MCHCG6OHFO7=/OB@E UMIE® =BPOLD SDH CD CRKBHaOBRL@®7 HEAME B8 <@ LT H<@=B9
H<DF C D C FHHO-FKAB @@8D C G =BHIADFDIB 81 € <P=;€EH <@ =BH=@9B9 ;5 H~<IVGECADIH98
'FCA H<9 F9GI| @eddHiad{)IGBAB @M 6M GI6HF57H=B;

P .<9ntegral J5 @A 97 CHf &&= G HCOWFGIFC 6GAHCWM =05 G I AC5 @ @ <5 @ DOB<DFCDCFH=CB5(
HO9FA H<5H K9F9 F97CF898 G=B79 H<9 FC6CH GH5FH98 FIBB=B,;

P . <%erivative =8 <P589 <5BCH <DF CD C RIHal®T @AD FHHBI <SICEAD @I SP=9F I K7 9
H<9 @5GH HKC DFCDCFH=CB5@ J5@I19G

"OF9 =G H<9 G97H=CB C: 7C89 H<5H 7CADIH9G H<9 *# =BDIH J5@19G

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

/I 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;
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integral += proportional;

/I Remember the last position.
last_proportional = proportional;

(CHO<BMH75GIHP5 F=hkit@h9 HEGBt HMBBI<TTFALI@BFCDCF HButshbednt 75BEB@MCF9
D C G =350 BB G <DL D F 9 @oBienCoBo K=H<TIEHKBI @PHBBI9;5HGIDF: ®BEKBEGFH=71@5F
75G9 =H 57HIBE@OM KEIFIBWOHG 6IH =H =G 5@K5MG 5 ;CC8 =895 HC 1G9

57 € H<9-CODIF@ ORI 5886 FIB-HBB=B: CFAS5KSBOBIHO6G =AD@FA HXBEHAG6=BO@®®
C: H<9 J5@19G =BHC CB9 J5F=56@9 K<=7< =G H<9B 1G98 HC 89H9FA=B9 H<

/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 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);

.<9J5@19G 5B8 FO9DFaQ&sBbleDSFS5AHKBBHIOIFAEBAC I DPK=@W@BHE <®=B9
.<OD5FH=JVI@BRLC GECB <8 G5AK@PBOCAIKxbhHDFF288\E& < = @OKN FE.=7=9B3H@ M
HM D @758 @ <950 @ OBHMCHAEADFE I9ABIOBI9FRI F9 HEO9®BID 5 F 5 A KH-9&43 9
power_difference OPF7/51GECBtFCBI9SFHK € B&DY F 9 5H<=IBA= @ 5P Bl <9 5 7 HKICB?@& B\ H C
MCH 8 < =B HH®= 9 F U5 bBB L D 9 F =KA-OHBKHE FFC 6ICEO HO F K =B 9 7Hb 7TIX5 F5 A9 HGBH=G
ILSADWIIHGAOACHGAGBL=AGBD 908 K<=%#&6C5-B=H5@EB7MCI5ID8>IGHBSF5A9HIOFG
HECHO @BGDI9®8 HFEB7F9HGEBI93%CI VW@ @6 BRE@SEOSS HIBBIFS5 ARG L=AIA
GD99B7F95NGFG 8| 5xB@M0 HEABL =AIGAD 9988 | B4B<sD5F5A9GSINEGCTI5BIMCIBDHC
FIBGS5GMCGGEB<DIRIIB @ EIBD HKEHBASL=AGDIO8 CHCIFGE9B<F58%2IBIJ%@ @
6M :=B8=B; H<9 F=;<H *# D5F5A9H9FG

* @ 9 B@@@ction2 C H BPi robot videosyhttp:/imww .pololu.com/docsdd32] ;5 @ @OQFM IT:® @ =KD @ OXKIDBF-;G
HIB98 *# 5B8 <=;<9F A5L=AIA GD998G
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8. Example Project #2: Maze Solving
8.a.Solving a Line Maze

.<BIIGHBIMFCAB=A@EEID @ G BHEBI5MLCIF
DH@5J=, DPHKEHE<5HDFBE®58B8GBS8
=BHO9FGI93RSEEBGAD @ -FFSHIWEF2BHIO9FG97H=B;
6@5P2BBB7=FA@9D F 9H>98B 5EB 81 C<45I9
line maze K<=ZFZ67<5@ @ 9B J=F,CBBGBBCIGITE
LD @#B @ =BOINBCBHRGGHHEH G 3B =7 5@ M
DCGG5-® AGB<® =BPGA8I9G=;BGHBIBEHK,LC5@
?99DHBIA<OBHIOIFGHZBH®B G @ GBIO5 M
,C6 CHFEB=-J 9B JIFEB HEGBI <O5NG E<BHI9M
75BC @ @ <X G HOGHE-5MERB @P 5 FBCGSHT @
H<9 8958 9B8G

.<9A5NYGEKBK=@%VE€H G C @ Bi%X H CH CF510@

CBGD9795@IHQXN J® loops .<5HGI<9FBC

KEMEY9 J5BHEI =BBH <A5NW=H<EIHFSWE BF

GHOT@ JHBHUOASNOBI795GHIBB. @Icoped ASNG=BC~-ABE P 55® @WCEHI@L D @ CF 9
H<9 9BH=FOW@®MO HF@? 56CIH H<5H GHF5H9;M =B H<9 B9LH G97H=CB

195@1&C5 @@B\G ICFRAHN 9G=B B @ NIF 5@ ~BP GICESF 9 ;| @8I M <=GCGHIGBME5?H <9
7CIFG9 95GM HC F9DFC8179 R H<9 A5N9 GC@J=B; GHF5H9;M 89G7F=698 =B

CEB:CFARBHE® FBIFKB CIFG90IH | H CEBGI@ng Line Following and Line Maze Courses
[http://www .pololu.com/docs/0J22]

B588=HFGBEEEMBIFGCGHEEAIB@B @ @G NOE @ 3 BEBprézentation|http://mww .pololu.com/file/
downloadfine-maze-algorithm.pdf?file_id=0J195] ?2DBKF=HHWRIEEHC ABBC6 CBECX® G GEFBE@BCO9E&B W

=B7@IBYIC86IHHCICGIIGECASAD CFHOGBHIBHE&@BHSBBAEIFI=CIH@ @@ @I18KHFS5H9
=ADCFH5BH DC=BHG

8.b. Working with Multiple C Files in AVR Studio
.<9 GCIF79 7C89 :CF 5B 9L5AD@9 @=B9 A BiNn®leSatn&al@\Bpi-mdzesbdb=@ 56 @9 =B |

Note: B F8I=BC 7CADHHGEEHBESGCAD® C; HHM B CKB @ GEBIBEH Pdlolu
Arduino Libraries [http:/mww .pololu.com/docspi17] G Bection5.g .<9 F8I=BG A DGRP? I HT=@ @
7CBH5=B98 K=H<=B 5 G=B;@9 :=@9

<=BFC;F®A7ACHKFXAD @ HKSHBIR 5 A DNIC3IG JG 9 GBC5 s B 9< 5 JG D @Ho+HB W 0@ H —Dat® %
IG=B\;| @ H=DoEB0B FGI5 GO CH COMFSTMCIFC8LBLS5ADHESF @ 7CBHGBEGWB,;, @9
'IB7H=CB 1G98 HC A5?9 HIFBG 5H H<9 =BH9FG97H=CBG

#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)
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switch(dir)
{

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

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

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

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

}

<O =F@HBH < @®=-2BM: =@ IMCK=@BWF=HLH<D=CBHSBBB @/IBAASB85HIOG
MC3779HEB<IB7TH=BBEC @ COQ K=6F3EMtumB KOH<9IB 8 <@ =6 FIB~NM delap &s()5B 8
set_motors)HO9F: CFMH-BFG ; HHFB5688 HIFBBF5T,HH BB G5B 8 @M< =IB 7 H HEE | ; <
H<SCBRYEIEGPES BBM/ H=C€BACHGP9SBEB <M=A=KE<IFBED5F5A HKBHE® 81969
58>1GREAKD SBICHKCROBR5?=B C A5 NOGC @ 3 SHH<PEF®B C A9H <BI A 6 OHF GHIKCA =; BP9 8
HC 58>IGH

.CE577THGIB7H-FCEBH<9E @OIB 99BN <9589@OU=FE5 @Qu@P8 .<X<958FIGFIEBH5=BG
5 G=B;@9 @=B9

void turn(char dir);

<=@ =807 @B RYG) : 1B7 HEEIB<TAHI 5@ Q@IB7=BIOM: HE 8.9C5 7 7 M9 7 @ 5 FFH=CHD 9
H<5H B99&@(HIB TG @@9 :C@@CK=B; @=B9

#include "turn.h"

(CHO<®CI6 @9 BIGHG G38B G KX, @P57?.%HG=;BHEXC7CAD H@BE95 8B B <9
DFCS8EFFO7HEHRB BB =BG M G HIAS:FKDBRLO® @KSMIAIABDHH<RCBTCMCLIFB7TH=CBG
=Bl<9:=@BGHKIHB958SFKHFMCIGH<OH KGN CH = 609@5 ?=BGID5S5FEBHBEHEKAC G 57 <
=@9 H<5H =B7@189G H<9 <9589F

. < 9: = @dv-segment.c 5@GCBH5E6BB;I@J HBIDB segment()K <= K< @F@ IDE H F 55-@<GE) =B 9
G9;AABH=FH®575SBBHIOFCOH BB <@ =B @ AL AL A <@ =FWOQ Q@ CRKBFG71GG98
=8ection7 6IH K=H< 9LHF5 7<97?G :CF =BH9FG97H=CBG 5B8 H<9 9B8G C: @=E

void follow_segment()

int last_proportional = 0;
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
/Il 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);
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/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;

/I Remember the last position.
last_proportional = proportional;

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

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

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

/ 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);

/' 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;

IHKINB¥H 7C8PB 8 <OBHIF BIMHI-/CBEBCHBCKRE6CEHACHISFS5AHKBHI @B 8>IGHI8
19WDS 7 VB8 KPGEHH<5 @ QMG C @ID5NDEIC5:PCBHFC @@ FFIB 7 F 9 FHEESB 9B 81 C |
K=@@ EI=7?@M FIB =B HC @CHG C: DFC6@9AG H<5H MCIW@@ <5J9 HC <5E

*ITHH#HBE9: = @B® 9 5 8:FKarBAC OFF C =9I7HIKM HE, -HI8H#EH <@ 976 @ I BICIG7FId B |
G<CGRABDH=CBEIFFI@9B®"'958FF 96 UHD €B-~HEBBHBBICH = @5@9<ODHHEBE F
FOACFIOPCA<@=1GHBICEI=@E8DFC>DP7THHIBKER @ C A5HEC A @S GBDFC>97H
HC;9H<9F HC DFC8I179 5 G=B;@9 <9L :=@9

8.c.Left Hand on the Wall

.<965GGHAF5HBI @ 5BE,B @ (AGCN9EG5 @ 0@ 85HBBGBH <R5 @#NG ; =-BY@ ?HBFC5R<O5@
@56 MR5><BA 5B GANNE = I0HEH KBORE G- T D ME; [F X HBBB <95 @ IR@ @A 3G WHDRIB
@ K E9BID K GBI NMFB-;SHBBHIO9F GHHIBEBC H <A IEAIH=-R9BE CHF95%8958
IBMCIWIB B 89;FFH0@<P=;5B&HEBI® 7?6112 <O5 M CT5A9J9BH | S@0CNBG < 958 C
@ C QDA BrB= @ KD 5 @@PB ;7@ 9 BCHKS @ BE)<PB H@B% M & EBHEBI/MB B C | W-B\MELC K M5 7 ?
HE <DPBHF5BHQ9FOF CCACAIK<BFE@ 56 MRK=BKRC B GEIBE ABF 95 GIIEBDW-@Hx BB <9
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K5Ne=BTO I WKRb@TB@BIORBN@ DKSVMHIQ-M 9GO <EEAF@ @ S KRbHB |MD ASNGC @ J=B;
9L5AD@9

/[ This function decides which way to turn during the learning phase of

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

/I 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
/I 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';

}

.< 915 @ FOG | FeBe@lect_turn()7 C F F 9 GIBGBB@ | 60@BMIM() G 6 < 9:6B7 H KCHEFE>=7H@MH<9F
=B CIF A5=B @CCD

8.d. The Main Loop(s)

.<GHF5CCIBFC;F3ADF9GH 98 @&-solvec 'C GHAD C F HOII3 @2 9 OHDF 50 R <@5 H <
H<EKB<5JC @ @GKKOBI9:=BBBFFEGMCFBBC H<9GO@WB<O5AR<5F5T1B9IBE <@n()
'IB7TH=G@B @GC B998 HC ?99D HF57? C: H<9 7IFF9BH D5H< @9B;H< GC H<5H

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

JIFTAS5GC GO I B8B <9B 7 Hra2dB solve)K<=FG5QBBF@ =-6FF %G8 .<=GB7H=CB
57H|I 58 O@HKAEI5 =@ CRBPGFGBH<56B8@C @ BH=<R5NSBB8G970GB&BHD XM C @ [KLFC B
H<% G HOGEHGEHSABBS5 TH<Q9 7 CBCGL®7 H | 5@ Q@KWHH §@BC GB BK/IK5BHE S5 6 ®EID @ 5M
GC@IH=CB A5BI@ HBAQIGH @8BO9W: H<9 7C89

/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.
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KO =FAGCFHEBCEDBIBF=86KBGCI9; ABH<BCIF&D7=80OK E | FBB & 9 7 G<® | =B Ppath
J5F=5€09E &MC F BFVAI9 B H®Blect_turn() KOB 9 ABC5F 9 : 0@ F0AMB<OB H 9 F I 7 FCEII& H 9
H<BH9FEGC D9 BP+Y@DHAEB8HBPBE H<ANXICQ@ @ CEEKBCFREIKH@ @ 95BKO@ CK
GD998G H<5H K9WF9 IG=B;

/Il 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

/Il 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();

19 WB@ @7H &% @@plify_path()= B <®9 |G 7 H 9CB FX THGH VB ® CEH <G 9 7 AB&@® CEBP=7<
=GIFOEAD @@DS G- GF=H & <®9 |=HB H 9 F GGBBH HFF CFBE€BF 97 C E$GFC =B <@ F®HACF898
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H | FHB<PC 6iCHEO@BG 9 ; A B NF CIA<$ B =kG<= B& D @15 <8 &dl@v_segment()7 5 @BER<®I H @= B 9
maze_solve(b6CJ9

/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 path[i].
turn(pathl[i]);

8.e.Simplifying the Solution

"H PR 9 HVFB<@ 9 BCHH<R9 7 C ID35X8B 7 FOONE @M CAB NOICFLSAD@B@ CB+; NB5G G5;9K5 M
K=B<G=80=MGIGEEIEIIBFP,X,&,&VEDDCHAI<D & .<9IFEBW5<CFHIER | @%BH
MCH <F CH;<€G7 H=IEH95 H5GC HXEBGE @ @ EIK@Bs $1BBB1 <05 @ @F 5HOKMRI KK 9B 9K I9F
9B7CIBH9F 5 8958 9B8 K9 75B G=AD@=:M H<9 D5H< HC GCA9H<=B; G<CFHO9

CBGH84OOE|I 9B VK<INIWHSBBKH 5 7RIEH <B7 HHCBRBOIBEIS5BBEGB7CIBHSESB
K<5+bDD9SBE&IHF@®@ HHB<6H5B 7/GCGGCHFI58B 8 95RARN98 =58 @IBBE8: HIAHIFB=B;
O@ 9:HO5B8 O@ %:;H =HB<®I9H 9 7HH <BHKHPC 6P 58 =B;HCEF = ; 8BF@7THEEBIDS5HEBI

G=AD HHE OHEFBC=BY@K 3 C @ @ 8 K5 BFHID =H 3359 B < TKHBPKOCB7H=CEI @@ @ 9B H
D5H<G :FCA GHS5FH HC 9BS8

BCHO9ABAEF®9=BHI9F KE1B89CBB B BH <@ 9VI& -WKOH IFBEOO@ 9: HO5B8O:CFHCEB5 @
OF=;<H .<9 G9EI9B79 G<CI@8 69 FOD@5798 K=H< 5 G=B;@9 V,W

#B57K<9BO9KI9F5IDGOEIVI@FPO LKO75BO9D @ THE@FPIFRSHHH IFFBCFFIGDICB 88 BHS5 @
5B;@9 9@=A=B5H=B; H<9 / HIFB 5B8 GH%X®8#¥B889DHCIE5BB8 @ PHH EBG "9F9W

/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
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Il example, LBL -> S, because a single S bypasses the dead end
I represented by LBL.

void simplify_path()

{

/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 0O:
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;
}

)BE=BHIOFOEHBBLH+K #G89H <BKH 99 FB CANEIIBAKBH CB®36POB7CIBIBM®8:H HIFB=B.
FC6@HWVI WK<=KLCI@F 9D @6MNI8/77CFBEBFGEHBACKEBISBDEE ;FMBA=; K5BH
HCI99DF5T72B7CBG=Q@H9BBEEGBBIOSM 8 = GEHEE- B385D F C 6 @084 | @Bl GISOC 6HCEI i C G H
(CK @98W9I9D H<FCIl;< 5 G@=;<H@M ACF9 7CAD@=75H98 A5N9 G<CK=B; <CK

Fully explore the maze using a left-hand-on-the-wall strategy
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<B66CWHBELHHH="T0TFOC7 CFRP@OHXKDGCET @AM @HEGPINWO<=@C C?CBIB K<=%¢&
AS5F?0BH <@ ;26 @ 5/~F J F9C5<aH 8 C kK 9 8 | A @GHEH D F 9H<EBIC FIHDHEC @ H B EHB 6GI<
K998 BH@®@<PI5BB8YBICDH=EBBIF: KA EIBKBIBI =BHEASNOIH<@®IHBDBFC57<

“EBO9F . CKBFIBEEK9CHCI9DI @ =BEA CKHOR,79CCE,PE@B5?+BACFOOACHMKD
<5J9 5J5=@56@9

Prune out the first dead end as we identify it.
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1<9K99B7CI|BIHGHFEBHIF AP EGFIHBH 7% TUH KEBB CIK9<5JP957 §8858B B <36BY
FOACIPEGIR CHHH=£BIGZHECH<ACEFNR 7 SFH =Bt —G@HOIEI9B7W5BB <®=5;F5A
G<CKG H<5H H<=G G9EI9B79 75B 69 G=AD@=:=98 =BHC 5 G=B;@9 F=;<H HIF

Prune out the rest of this dead-end branch as we back-track.
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19B919HB BDK =HH<@OEI9B,78VK<=F98 | HEC =B6@D? V8B Bl <#GA 6 =IB9IEH<B®9I I5H H +CB
DFC8I179 H<9 GIWI|IBIHO7Y&&8I79G HC 5 G=B;@9 GHF5=;<H V-W

Prune out the final dead-end branch to leave us with the shortest pathdm start to finish.
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‘AR ERER . ERERE

S+B+L=R

.<9@ BOHEBBB=IJICH<O@IE 1987 MK <=F9 8| 1B = ;K94 HAB I F5 7 H @CB8B 1T Kk | &/KW/B 8
FODF9GI9BHG H<9 G<CFH9GH D5H< :FCA GH5FH HC :=B=G<

G K9 8FCJ9 H<9 A5N9 CIF 57H=CB @=GH KCI@8 <5J9 @CC?98 @=79 H<9 :C

&
&
&
&- & &pruning occurs he)
&
&, & &(pruning occurs he)
&

& (pruning occurs hex)

- & (pruning occurs hes)

8.f. Impr oving the Maze-Solving Code

19<5JCBG8IH<ACGIADC FIHOHHHE<PC 8B <OH <®HI B ® =9 7 @GHP€Y9 B 7 HdspI&y_path()
H<OHS5FGOHI9BB 35 @ =6 PFHTESE0: C I BB=HJ9F M 19 GEHH < I @e3dhples\atmegaxxs\3pi-

mazesolver "HIFC45I8<BC &OC F ? 5§ B BICIIB 8 9 F GHEB@I@G < C HA8E A D F U CHC 6ICGI1B G

:5GH 5G DCGG=6@9 .<9F9 5F9 A5BM H<=B;G MCI 75B 8C HC HFM HC A5?9 =
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P#B7F95G=B; H<9 @=B9 :C@@CK=B; GD998

P#ADFCJ=B; H<9 @=B9 :C@Q@CK=B; *# 7CBGH5BHG

P#B7F95G=B; HIFB=B,; GD998

P#89BH=:M=B; G=HI5H=CBG K<9F9 H<9 FC6CH <5G ;CHH9B @CGH

P 8>IGH=B; H<9 GD998 65G98 CB K<5H =G 7CA=B; ID 9 ; 8F=J=B; GHF5=;

<KICOOOKEBECEKO®HFCHCHUPD@IEBO@DCKAF 6IHHGH<9FKBGH=CBI@ @35
HE<9=-B3@F G=CBISHHEEH FSAR®EB8ADSHD CHG5@ @9B;397C88@G CF®8J5B79B8
7TCAD@=HEHBA5ADNG@NI9 GC/TAIB;5I9 BHF CIFBOBFCJI9BIBIHGSAD@ S FBA @189
5<=;<8FF9 BB IREHIOHHIB@E=BY9 :C @HOOCKBE-BH5SEBHBE ACCH<BBB&8B7F95G98
GD998 CB @CB; GHF5=;<H G9;A9BHG

1<9IBKIKIFIFMEEBADFHID SMENDIF: CFAGIHFZF&GHRDPDE EADFEHE@=B9 : C @6z @GWHBY
69HHPE=B<% 7 CB G I58BY¥ @ CHKBI M3 GIB6GAHW=AGADI99BEBIBE97CEBRBDPEEADFCJI9
H<®WIFBGI5GHBBACCHIBMI =7 X@K9 JOIB C HHIOBF H SDOOIBD FCJ KOLHDHE B,=A=H98
6 MH<3BHIOF G #HH<FECBEFHBACI=BCEI =7 K@MBH=-H<9AHKHCI @B JI5F 5RAPM5 CA9IK<9F9
IC=B; G@CK@M 9BCIl;< HC GIFJ=J9 H<9 =BH9FG97H=CBG @98 HC IBB979GG

JIFGC Q@ IKH5®EB=AX@ 9BCHJIIBN ; AFBIBC 6L CIBIBIFIB<@ 95FB<BGO97C3OC I @ 8
FOGBHR=ADEB-BHIF COB/BH<TEH ER<IB<D==-HH<LT @ @ E R &HB fF C GH<BTKE ; FOACHB 8
5FF5M C: J=G=H98 =BH9FG97H=CBG =H 5@ G C DEHCBFBE8BH XCA 9 FHADEE{ @—=rDGC

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

.<OHCIF F,55N HGD7 HHOB : C bASTI=C =HBHOFGC & 7HH®B® 8- HK9B3HF5~; HHF BF98 <H
5BB<@®CHHBEASFN HEXDACIBH =D BFHIS®,GB<O9; ATBIB HF O GH@ W SBHIFGXPH=CB
IB=EB<®9;AIBHOLF< C GIIBF C JB-18206 OHF <GB 5IB@ @I €BC 6KICEO 5B =B ;8@ @O ESHK 99 B
@CB5BBE<CHKO9R9BHHIG<BHIOE7998:ChBMI; AFBBH<ASNI<=G97 FB&E HFAIHBGBH
HUIB5 @TVPBIGHCFBBFFEMBG=;B9BFGI957G9; AIBIHEWS ?IDS | CBOMBRAIACFHK=7<
<9@DCBAIACFE®ILE A CKB<9 .A9;5 <56IGH 6MH®G' GCCBYW DCHHSEBED @ =13HZLBG
H<GEGBBEHBPO:=7=RBM<BIHD59BCICCLEH<GH5S5KR2=ZZ6@GKECFBD 8 ;CCBI @9
H<IAH@95J9R 6MHDIG 5J5=@6HE@EH 5BB5HG 9BM <L @ CO@ @ = 6 FGAGIEFIM C |
<5J6CAIPIBERUHBTHLEBBSHKCB& CI® CISE-5@1IH<BKHAA9;5 <5G 6MHRIG
K<=7< ;=J9G MCI 5 6=H ACF9 FCCA :CF MCIF 85H5

)B79 H<9 D= <5G @95FB98 H<9 A5N9 H<9 A5N9 8F=J=B; 5@;CF=;H<A =G 9C

# H<PC 6CHT = B5;H F S553i<B@9 I=HB H 9 F GOF HISDBF F SBHA BB ;6 D98 E BN OIBCFF M
56CIH G@CK=B; 8CKB IBH=@ K9 ?BCK K9 <5J9 5B =BH9FG97H=CB 7CA=B; |

) H <9 F K&FG% 9P| F F GBHA BBdH ;& D 9IBEHHR X 5 @ 5 DFAO8= DC BEEK/FC KIBC
BCFA5@ GD998 IBH=@ H<9 B9LH =BH9FG97H=CB =G F957<98

.<9J5@19GCADIHOBA IB7HHEBHIMN<DFII=AIID@ McSDEAIBHIB; BEKXCEFHAIBHG
B9, 5H5RIB<® =1 BH=H<®PB HG P 9A $HEHC F ABOD 98 C BGIFAIBH G C G HB3HI GRGD =
HBF=AG&FH<Q9; ABBH ;8 DIOB:CE@ CREKBIGIBH = AE 5B 8Hx9B H 9 F CRY 19N A 9
ID K=H< 5 ! IB7CIBEOBDOF 5B8 H<9B F5B 5 G9F=9G C: H9GHG HC ;9H H<9 J5F-=
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.MD=7E@&FVBIB7CEOEBGSCHIWIB,HHEOI9;A9BHKIFP RIS IGEH=ABI<D =
<CKOBIF/S5IGCH<DENWCKEMGHIATEHEI ;| @ FE @FHCHSHOCHGBBFC8IY9,CGKRMOSHS56 @9
FOGI @FH5A C FI9F 5 8 = DCHBHNEGC ATCAHGBI9REB I @8 7FIS@SXO5S5HHBELCIESBEH=A=B;
5DDFOB7RYKCI @EHOBHEE@IBHI @ ES @G 5ADAGWCKIFIICGC B FCOICHDBACF9
HF58=DEBBB@D HXAB7HMCBC AIDK=HETFK<9IB<®5HH S FEOCCKBDWA=; KICAPYCCF@ M
K<9B H<9M 5F9 B95F@M 8F5=B98

Tip: )B7TMCEHBEKHB=:=7BBHIAMLCIB5N9 GCCE@DIFBIF:CFADBFTII® 9B EBBHIF57H=CB
CH<W=HBGCFHIBEAAS@*UTDECIHABI<9=PDFTR8IGHB8=FHCA<ACIFE&:5GRKB N9
G C @BIOBI € 5 JOHIG F G0 5BIDFIKE | BGP @-CPHSEB & H EBE<HBE BG = G@ GRGKBB35B
9JIBS5IGHBI9G0G3CI7T5B99<P:97BBE<EBI<GI97CBE @ IHIFB<P-89IC<4+D- KHGHWI B
7T@95B98 FXTI9BHERMBGCG3@M 7@95B H<9 H=F9G 6M K=D=B; H<9A K=H< 5 @=H
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9. Pin Assignment Tables

General features of the Pololu 3pi robot, top view.
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Labeled bottom view of the Pololu 3pi robot.
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sensor locations
{circled in blue)

jumper: connects on pins: jumper: connects
2/3rds of battery voltage PC2 p IR sensor LEDs
to pin ADC6 P 3 to pin PC5

jumper: connects
user potentiometer

prototyping to pin ADC7

space with
power rails

user connection
pads for the 3

motor 1 - jumpered |/Os

motor 2
alternate

power button
connection

user connection
pads for the two

unused digital I/Os

(serial pins PDO & PD1)

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

connection pads for
optional expansion
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Function ATmegaxx8 Pin Arduino Pin
'Egicgagy *HS?IA#D)QC?: r||_c .F99 8=;=H5@ D=B 8==H5@ D=BG
:F99 5B5@C; =BDIHG =: MCI F9ACJ9 >IFAD9FG L 5B5@C; =BDIHG R
ACHCF @9:H ACHCF 7CBHFC@ 5B8 5B8 * 8=;=H5@ D=BG 5B8
ACHCF F=;<H ACHCF 7CBHFC@ 5B8 5B8 * 8=;=H5@ D=BG 5B8
+.,, F9:@97H5B79 G9BGCFG @9:H HC*F=R<H L 8=;=H5@ D=BG R
F98 @9:H IG9F & * 8=;=H5@ D=B
;F99B F=;<H IG9F & * 8=;=H5@ D=B
IGO9F DIG<6IHHCBG @9:H HC F=;<H L * * 5B8 * 8=;=H5@ =BDIHG 5B8
6INNIF * 8=;=H5@ D=B
& 7CBHFC@ ,- , 1 * * 5B8 * 8=;=H5@ D=BG 5B8
& 85H5 6=H R * * * 5B8 8=;=H5@ D=BG 5B8
FO:@97H5B79 G9BGCF #, & 7CBHFC®@ * 8FHXF @QICK HADDIEBS#) =6 C:

IGOF HF=AA9F DCH9BH=CA9HO9F
F8G C: 65HH9FM JC@H5;9

# -* DFC;F5AA=B; @=B9G L

FOG9H DIG<6IHHCB

/', . ,25B8 .2

# 1#

_x

*

*

H<FCIl;< >15BS®@C; =BDIH
H<FCl;< >15B%S®@C; =BDIH

*ow 8=;=H5@
FOGOH
5B8 * 8=;=H5@

=B5779GG56@9 HC IG9F
=B5779GG56@9 HC IG9F

D=BB38

D=BG 5B8
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Pin Assignment Table Sorted by Pin

ATnI;(ier?aXXS 3pi Function Notes/Alternate Functions
* :F99 8=;=H5@ # J- , . =BDIH D=B ,2
N . . onnectedtoeduser LED <=;< HIFBG & CB
‘F99 8=;=H5Q@ #3- , . CIHDIH D=B .2
* LCD control line RS 9LHO9FB5@ =BH9FFIDH #(.
* M2 control line .=A9F *1' CIHDIH )
. /-, . 9LH9FB5@ 7@C7? =BDIH CIHDIH 2 %
*
LCD control ine E _=A9F 9LHOFB5@ 7CIBHOF
* M1 control line .=A9F *1' CIHDIH )
* M1 control line .=A9F *1' CIHDIH )
* LCD data line DB7 connected to geen user LED <=;< HIFBG & CB
. .=A9F =BDIH 75DHIF9 # *
*
LCD controlline RIW ¢ _ ; _g98 GMGH9A 7@C72 CIHDIH &%
N LCD data line DB4 user pushbutton DF9GG=B; DI@@G D=B @CK

.=A9F *1' CIHDIH )
* buzzer .=A9F *1' CIHDIH )
.=A9F *1' CIHDIH )

N .
M2 control line 4.* DFC:FSAA=B: @=B9
N LCD data line DB5 user pushbutton DF9GG=B; DI@@G D=B @CK
Caution: also an ISP pogramming line
N LCD data line DB6 user_pushbutton DFQGG:B; PI@@G D=B @CK
Caution: also an ISP pogramming line
N QTR-RC reflectance 8F=J9 <=:< :CF IG H<9B K5=H :CF @=B9 =BDIH HC ;C
sensor G9BGCF
* QTR-RCreflectance 8F=J9 <=:< :CF 1G H<9B K5=H :CF @=B9 =BDIH HC :C
sensor
N QTR-RC reflectance 8F=J9 <=:< :CF IG H<9B K5=H :CF @=B9 =BDIH HC ;C
sensor G9BGCF

QTR-RC reflectance

* 8F=J9 <=:;< :CF IG H<9B K5=H :CF @=B9 =BDIH HC ;C
sensor

N QTR-RC reflectance 8F=J9 <=:< :CF IG H<9B K5=H :CF @=B9 =BDIH HC ;C
sensor F=;<HACGH G9BGCF

. 5B5@C; =BDIH 5jBBpe&red tolddn@rsO IR LEDs8 F=J=B; @ C K9 N+HB® FG
#) =BDIH 7<5BB9@
898=75H98 5B5 @uihperdsi Bl 243rds of battery voltage =BDIH 7<5BB9@
898=75H98 5B5 @Quihperddl Dolkser trimmer potentiometer =BDIH 7<5BB9@

FOG9H FOG9H DIG<6IHHLBHI9FB5@ @M DI@ @98 <=;< 57H=J9 @CK 8=;=H5@ # ) 8=
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10. Expansion Information
10.a.Serial slave pogram

.<9*C@CW @ =6 FG EBRction6.a 7CAXG HBILS5ADED FE AAIOC ; FETA <D = Bopololu-
avr\examples\atmegaxx8\3pi-serial-slave 5B85 7CFF9GDGRgF——HK50 HBF C ; F 5=Mlibpololu-
avr\examples\atmegaxx8\3pi-serial-master =G 5AB@CKGKIOGF=B|:9EB ,# &4 " %AC89
HCCBH=BRIITX@ & BHIBBGEAHE@ME.7 CAASB&B7CAASFE® HHFEC@CIEBH IE HX D =

AS5?=BRECGGHEEB<DSGTGCGADSRIBEBOBHFENDBLCHEBPRE 7 9 BKEE@FAGME8 A CFACAASB8G
MCIFG9@: CF 585DH H<9 @EB6BHFOICHESBKCF? CB 5 8=:

(CHHO<BBC:9B9J)9F@/D5BG=K@B <=FCI5BCIBH75G97CBRSFMC7CBBBE&-@S9EB5@

9 @ 9 7 H Black withGcutouts [http:/Awww .pololu.com/catalogproduct/979] H< @HMHCJ=9K <& B89 F B bladk <
without cutouts [http://www .pololu.com/catalogproduct/978] H<FKE D @13 Z&8 G 5B & 5L = A INPOWH C HFENDB &S ;
with cutouts [http://www .pololu.com/catalog/poduct/977] 5 Beffl without cutouts[http://www .pololu.com/catalog/poduct/976]

[} toiiiili 1
AT
A= L

1 95 @ G:@ Bmore advancedexpansionkit [http:/iwww .pololu.com/catalogproduct/2152] H < BHNHGH | AMBC IP £ C6 CH
=BBBA DECG6CYDA DOYLD5S5BRG=EHRGC7?2EB8=HOORY®@ PGB=B& =AD@* ;B=:=75BHC
=B7F9H &95D56=@-MEID=)BI9 GC7?@IBHWCIIG95 D CK9 Fnbé&l development board

[http://www .pololu.com/catalogproduct/2150] 5 <= ;< @QFCOBMIB HF G I @RIEBEFCGAASBIEG D E5 KX =@ 9
—HGIBB=BER®FGHO®FL ;FSBRBBCHEZOF7?79HIAGOALFH<B GM8=H-5KBEFI@IBAGB & @ 9
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http://www.pololu.com/picture/view/0J986
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http://www.pololu.com/picture/view/0J994
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2 9 9Vixel [http://www .pololu.com/catalogproduct/1337] @ | 9 H OCHHF@ 9 BEH X A DEC6CHRBIG =@ 56 @ 9
l@@M 5GG9AG6 @ 9r83pirr@hdtHdducthg elhtts/Aww .pololu.com/catalog/poduct/i2151] : CF ACF9 =B:CFAS5H

Pololu m3pi expansion kit.
Pololu m3pi robot controlled by an ARM
mbed development board.

CAD OBEHPR A9BHGH=@BFAB@HAGB&9 FA5 B 9: C | B88Bection10 C :H dlolu AVR Library
Command Refeencelhttp://www .pololu.com/docs/0J18]

.<=G@DFL;, FPN I GIBHEIHOCFH ,2 CH<DEBBF5BGAESHE R&IRD 79 GC GRFOIFH
* .2 1G=8B; ?76518.& @9G9E>H5Q@H & BHG®IG5 A DHEIFB O 5F 6 HIVMB5 H5 B BB 9

G HEHH .<97TCAA5SBAG @IAYBMBBACB &-5HBT@AASBNMHO@ @ENKNDFIR CRBHBL H5

6MHOAS5?8BI5GMB=9F9BH=<BEAASBMHFGCHA<D5 HMHIASOC AASBN HEF® @ @& <P5B ;9

L L:K<=@®5 M HFSB <P5B ;0 L :<5HGE <BCAASBNY HBENI < ATFG&H;B=:6670BH
G9H K<=@9 H<9 85H5 6MH9G <5J9 H<5H 6=H IBG9H

-CA9CAASBRGH+BHDESIBEEBHS /CIHEBE<ACBHFBW@AHB.CAASBEOEBHISFBGBH
657? H<9 @95GH G=;B=:=75BH 6MH9 =G G9BH :=FGH @=HH@9 9B8=5B

# 65 CAASBBES HBAM HPFB O HO9 7THOB @ DIRC ; Fe0 BB 8=GD W ELFG G E;BH <&
.<=/9 5 Bi& 5 N C3 FIG = Bl ;e8pansionkit without cutouts [http://iwww .pololu.com/catalogproduct’d78] MCE<C | @ 8
DFC656@M F9ACJ9 H<9 & F9@5H98 7CAA5B8G 69:CF9 @C58=B; H<9 DFC;F

.<9 :C@@CK=B; 7CAA5B8G 5F9 F97C;B=N98 6M H<9 G@5J9 DFC;F5A
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Command Command Data | Response
byte bytes| bytes
L signatue
L raw sensors
L calibratedsensors
L trimpot
L batterymillivolts
L play music

L calibrate

L resetcalibration
L line position

L clearLCD

L print

L LCD gotoxy

L autocalibrate
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Description

-OB8KE<G @ BIPASBFCB8IIFGHOCBI D= .¥=G
7TCAASBBPGCGHAGHGPBIONMG 5BEHCRHG@=B9
C@@CK=B; =: 57H=J9 GC =H =G 1GY%:1@ 5C

, 9585509, GC9B GBBO BG5S K5 @b 9EI9B 79
C: HKC 6MH9 =BHG =B H<9 F5B;9

,9586@ @8, GOBGEBEG9B36@ =6 F5 @ Y8
G9EI9B79 C: HKC 6MH9 =BHG =B H<9 F5B;9

-9B&HXPC @ K3 HIOCI'H < F = AAGHK C 6MBHHBH < 9
F5B;9

-9B8G H<9 65HH9FM JC@ 1%, S CHKIE<OMBE =B

*@5MEBOD97 6MOBHFERIG=7TC@A5B.&Q

: = FEBHEM 1D 9 7 H: <@ SBCHK<L @ @ GHIFBABL
@9B;H<GEI<EHKO @ DFXC ;PRCKGK5BMCF9
85 H B HDE9 5-8 H play() 7 C AAS5BBection3 CH<9
Pololu AVR Library CommandReference:C$¥89G7F=MDH=CB
H<9 AIG=75@ 7CAA5B8 :CFAS5H

*OF:CEABBGCIKE875 @ =6 EBH<GOB GFEIHB @) 9
#,G9BGCEHF&IBBEH@ = 6F5@ BESGOEI98 HK C
6MHE®HBI<B5B;9 .<=G<Cle@B5 @AMEBH=D @9
H=A9G 5G H<9 FC6CH ACJ9G CJ9F 5|/F5B;9 !

,9GOHEIS5 @ =6 FXHEEBC I BB K5MEGC I & <9B
7CBBO MHE-B@ 5B 5 GI<A5C HFIBOHH <EGKR 5J 9
FOIGI9H :CF 9L5AD@9 =B 75G9 C: 5 DCKO9F ;C

,9585B0%0#H, GIBAGEBS@ =6Fb@ BPB®GH=A5H9G
H<DBC G =C56C@B 50 2IBB H<PC6 CHI5 QKX =6
GI9BH73?’GHK C 6\BHHD= GR<9B<® —BMB S TEOBGCF

* CFES5FHKHEBKR®9:H K<9B<® =B®=FOTBIG®D M
G9BG&GCHDHC K<9BHGB8IFIBGECEFES5FH<9F
HEl <B=; <Kk $Bection19 C:C:H <Mlolu AVR Library
CommandReference :CA<TFAI@WHBEGH=BEIKBFH=CB

@95FG H<9 & G7F99B CB H<9 D=

*F=BHG@<5F5HMB&& . <9 =FB&MHHB<@IB;H<
CH<ZT @ @ GKFBB<5F57HR £ ibi<ply 7TCAA5B8
56CJ9

'Cl9B8<® T7IFGODF MCCF8=B3IBBWB<® IHK C
6MHIG

. IFBH<RC 6@ B:BB=;KKH=10® =6 FEAGB <9B<9
FC6€MC G =HG LB@8= BPH | FB<P< 5 F 5V A9 B
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L startPID

L stopPID

L M1 forward

L M1 backwad
L M2 forward

L M2 backwad

Source code

#include <pololu/3pi.h>
/*

© 2001D201 Pololu Corporation

-OHG*# D5F5ASBBRGC=-BGREID @ CK:BFEHH 5
6MBOIHGISL=AMCHEGF998BOLEIFMHDEG7
5B8 FOIDFX=8BH5F5A9-HDPFG . =H 58 @AW B 79
=B <AC HEG P 9 X&@&9Q@ HIC& X5 6X78 K<9F9
&=CGI<DCG=CGHC® =BB®9G7F56C889PB8 =G <9
89F=J9H&I29=BHIOHRF@B CHAD @ 9 A9 B
DFC;F5®Fection7.c . CARACFOB.CFAEHB<C B =B9
COQ@CK=B;

-HCDG *# @=B9 :C@Q@CK=B; G9HH=B; ACHC

-OHACHCHIFBABEKEKES& DO9®@8 C:IDHC
l@@ GD998

-OHKCH'CFHIFBEB7T?KEKESGDO9G8 C:: IDHC
1l@@ F9J9FG9

-OHACHCHIFBABEKEKES& DO9®@8 C::IDHC
l@@ GD998

-OHKCH'CFHIFBEB7T?KEKESG DI9G8 C:: IDHC
l@@ F9J9FG9

* 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 = 0;
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);

/I The "proportional” term should be 0 when we are on the line.
int proportional = ((int)position) - 2000;
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/I Compute the derivative (change) of the position.
int derivative = proportional - last_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 right. If it is a negative number, the robot will

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

/Il 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 < -max_speed)
power_difference = -max_speed,;

if(power_difference < 0)

set_motors(max_speed+power_difference, max_speed);
else

set_motors(max_speed, max_speed-power_difference);

}

/I A global ring buffer for data coming in. This is used by the
/I read_next_byte() and previous_byte() functions, below.
char buffer[100];

/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_index --;
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 < 0)
return 1;
return O;

}

/I Returns true if and only if the byte is a data byte (< 0x80).
char is_data(char byte)

if (byte < 0)
return O;
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return 1;

}

/I If it's not a data byte, beeps, backs up one, and returns true.
char check_data_byte(char byte)

if(is_data(byte))
return O;

play("03c");

clear();

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

previous_byte();
return 1;

}

M T T

/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("3pil.0", 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,
/l'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);

}

/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()
[ 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);
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message[0] = line_position;

serial_send_blocking((char *)message, 2);

}

/I Sends the trimpot value, 0-1023.
void send_trimpot()

int message[1];
message([0] = read_trimpot();
serial_send_blocking((char *)message, 2);

}

/I Sends the batter voltage in millivolts
void send_battery_millivolts()

int message[1];
message[0] = read_battery_millivolts();
serial_send_blocking((char *)message, 2);

}

/I Drives m1 forward.
void m1_forward()

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_ml_speed(byte == 127 ? 255 : byte*2);
}

/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*2);
}

/I Drives m1 backward.
void m1_backward()

{
char byte = read_next_byte();
if(check_data_byte(byte))
return;
set_ml_speed(byte == 127 ? -255 : -byte*2);
}

/I Drives m2 backward.
void m2_backward()

{
char byte = read_next_byte();
if(check_data_byte(byte))
return;
set_m2_speed(byte == 127 ? -255 : -byte*2);
}

/I A buffer to store the music that will play in the background.
char music_buffer[100];

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

unsigned char tune_length = read_next_byte();

if(check_data_byte(tune_length))
return;
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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 O
music_buffer[i] = 0;

play(music_buffer);

}

/I Clears the LCD
void do_clear()

clear();

}

/I Displays data to the screen
void do_print()

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.

© 2001D201 Pololu Corporation

/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;

} led_goto_xy(x,y);

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

time_reset();

set_motors(60, -60);

while(get_ms() < 250)
calibrate_line_sensors(IR_EMITTERS_ON);

set_motors(-60, 60);

while(get_ms() < 750)
calibrate_line_sensors(IR_EMITTERS_ON);

set_motors(60, -60);

while(get_ms() < 1000)
calibrate_line_sensors(IR_EMITTERS_ON);

set_motors(0, 0);
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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[5];
unsigned char i;
for(i=0;i<5;i++)

constants[i] = read_next_byte();
if(check_data_byte(constants]i]))
return;

}

/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();
print("Slave");

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

while(1)
{

[/l 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)

case (char)0x00:
/I slient error - 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;

© 2001D201 Pololu Corporation
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case (char)0xB1:
send_battery_millivolts();
break;

case (char)OxB3:
do_play();
break;

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

case (char)0xB5:
line_sensors_reset_calibration();
break;

case (char)0xB6:
send_line_position();
break;

case (char)0xB7:
do_clear();
break;

case (char)0xB8:
do_print();
break;

case (char)0xB9:
do_lcd_goto_xy();
break;

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

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

case (char)0OxBC:
stop_pid();
break;

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

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

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

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

default:
clear();
print("Bad cmd");
lcd_goto_xy(0,1);
print_hex_byte(command);

play("o7116crc");
continue; // bad command

}

10.b. Serial master program

GIOFAL@BFKE ;HEAB CCB HH<G@FG B0® FC ; =358 7 @ K8&HE<*C @ CO@ K& = 6 F 53-%Bction
6.a = Bpololu-avriexamples\atmegaxx8\3pi-serial-master .<9DFC ;89 G =;B 8K & ®rangutan
SV-xX8 [http://www .pololu.com/catalogproduct/1227] LV-168][http://www .pololu.com/catalogproduct/775] CFD S5 G89ACBGHF5H=C
CK<5HD CGGHFINGCYH = DR 6 KE@NESSDHCM COKBC BH F.CEs®@ SBF C; FARN?H<TC @ @ CK=B;
7CBB97H=CBG 69HK99B MCIF A5GH9F 5B8 G@5J9

P1( I
P* *
P* *
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VFEBCASGCGHBB @539A5CKSRB-@ o@® %NB B ARHEUG5C @ @M 9B = ; B5EIHK® @ BXIAF 79
7C89 ;T D= .W9A5G KSR CEB G HHG @ 5J8%= G DT@G BB $BEBUQ S®I< GH BOF 9 G GI=<B;
6CHEBBIBASGHIFCHE®@BHPIH<FCIBEIHC 75 @EGCFRHB®E=-F<C15BF=H90@@5FC B8
IG=Bl<95B8 6 |HHCBIGA5 G KX D K CD,B GEHEDBI<AS5CGWRF "C@88B8KB<96IHHCB
751G9G H<9 G@5J9 HC 8C *# @=B9 :C@@CK=B;

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,

Ob11111,

0b11111,

0Ob11111,

Ob11111,

0b11111,

0Ob11111,

Obl11111

}

/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
lcd_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

}

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

}

/] set the motor speeds
void slave_set_motors(int speed1, int speed2)

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

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

if(speedz <0)

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

}
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
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
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serial_send_blocking(string, length);

}

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

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

}

int main()
char buffer[20];

/' 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();
unsigned char speedl = 0, speed2 = 0;

/I read sensors in a loop
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;
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/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);
}
}
}
while(1);

10.c.Available 1/0 on the 3pi's ATmegaxx8
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8=5;F5A

10. Expansion Information Page 67 of 68


http://www.pololu.com/catalog/product/978
http://www.pololu.com/catalog/product/978

Pololu 3pi Robot User's Guide © 2001D201 Pololu Corporation

11. Related Resouces
.C @95FB ACF9 56CIH IG=B; H<9 *C@C@! D= ,C6CH G99 H<9 :C@@CK=B; C

P WInAVR [http:/iwinavr .sourceforge.net/]

P AVR Studio [http://www .atmel.comforms/
software_download.asp?category_id=163&family_id=607&subfamily_id=760&fn=d|_srStudio4Setup.exe]

P Pololu AVR Library Command Referencehttp:/iwww .pololu.com/docspJ18] 89 H5 =@ 9BFASEEGHBO F M
:IB7H=CB =B H<9 @=6F5FM

P Programming the 3pi Robot from the Arduino Environment [http:/iwww .pololu.com/docsdi17] 5 ;1=88 C
DFC;F5AA=B; H<9 D= 1G=B; H<9 (81HB&G@&@ =B D@579 C:

P AVR Libc Home Pagéhttp://iwww .nongnu.org/avrlibc/]

P ATmega328P documentatiofhttp://www .atmel.com/dyn/products/product_card.asp?PN=Amega328P]

P ATmegal68 documentatioffhttp:/imww .atmel.com/dyn/products/product_card.asp?PN=Amega168]

P Tutorial: AVR Programming on the Macihttp://bot-thoughts.blogspot.com/2008/02/awpr ogramming-on-mac.html]

=B5@@K\C | @@B=HEI9SMCIFCAA9IBB&I|9GHEQ&BH <3pi Robot Group [http://forum.pololu.com/
viewforum.php?f=29] C B Retdu Robotics Forumihttp://forum.pololu.com/]
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