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1. Overview

1A >LMKKBHEHENSHG= @ >GFRHERBHG
L>K@GHGMKHRESKLMRHBERGLBI?RHN K
<HGMKHEE>KL >:<A :0:BE:;E> ?NEER :LL>F;E>= HK :L : I:KMB:E DBM

WMicro Maestro 6 [http://www .pololu.com/catalogproduct/
1350]

WMini  Maestro 12{http://iwww .pololu.com/catalogproduct/
1352]

WMini Maestro 18ihttp://www .pololu.com/catalogproduct/
1354]

WMini Maestr 0 24jhttp:/iwww .pololu.com/catalog/poduct/1356]

ABNVAKHGC MKMEH20 ?HHBK*KBG>NMMBKGEFINUBK >KBHEKLEBMA; >==a>RLM>FL
:GBGCMIKEEMBG B? <HGAHBBGMKHKEEBER <: N BHEHA:GASAEIMG><HG?B@NK>=
L > KIOMM IMNHNKLP B tddio control (RC) servoghttp://www .pololu.com/catalogéategory?23] H i E > < MIKK Bl SBIG MKHE L
"0 L=B@BNMVMEN KA E +HEQBOI|:NEME>> L MEKLA B @A ERL LM BBHHG M KB BEXKE&K,;H: K =
BGAB@AHERI:«kMD: @A>QMK>IK>EBB@ A K>ILHERNVEREE>CBMMESKHMA:G GL
F:DBE&>>L MARCHER B RIEAB @ A | > K ? HEKBFE QWKKHEG:BIBLE MI BG5S =< <> E > KW@ M KIE
BM.LRHKAB:XBHHIMAFEBHD >F PBWILAKHNMBKAE @M KNEI<HGLM<B MR £ MK>:F
BGM>KFIHLEBMBH.GMMA>>LMEANS :>LMKXKHMNKS?B @QNEKEMNIMH % S HKB GB
*SLMKBE: @>G>KPBI3K CAOPNEIMHEERPQBFKBELIHGLBG KGG BKHFH =>KGKOHL
2GBML <:G ;> =:BLR <A:BG>= PBMA :==BMBHG:E -HEHEN L>KOH :G= FHMHK

?PKXHG?B@NKXK=MBNE&H® RO :BE ?H4&B G=HBEH B G NIQSection4 F:DBBE@BFIEH
<HG?B@NKEMMH:KHFO2R <K>1M3IN>E2>KPHO >F *GIMIB F : M KHHRS: E DB G @H: 16 =
P K BIM#MIA K H:NG@XALG< K BINVHLB ®1-A>> K OHHG M KIFAB E>IKMUIBHE'M L K& BB H KIRE HIMH K : @ >
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L >Section 6
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1A >LMKHMLGC GBELHNL>E@>G>K: E +BBNYVEEMG . EHIOB @BGIIRKMHOB-®3GC @
>:LR:RMK>:!=>GLHKELHGMKKEIA=BKAZKHER HO2RK 1A>IBGINMGE>N L >PB NA >
L<KBIMBG@ LRLM>F MH >G:;E> <K>:MBHG H? L>E? <HGM:BG>= :GBF:MKHGE

USB A to mini-B cable[http://iwww .pololu.com/catalogproduct/130] G HBNG < E NB=K>=J N BIKEH-G Qb A-RH O B/
<HFINM>K
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Features
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a,GxA:G&>x:-4* HNMPBMK>IN2KKR D%8H *%SGNIMH BMK>LHENMBHG
L >Section4.a?HK =>M:BEL
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<HFFNGB<:MBHG

a Pololu usB Software Development
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a ONIIHKMLZ ILB@BQ>= FM=> Z
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Maestro Comparison Table

Micr o
Maestro
Channels:
Analog input channels:
Digital input channels:
Width: <E
Length: <E
Weight(l): @
Configurable pulse 0
rate(z();: Z %S
Pulse rangéz): Z cL
Script sizd®): (

=
=

Maestro 12

<F

<F

Z %S

Z cL
(

1 This is the weight of the board without header pins or terminal blocks.
2 The available pulse rate and range depend on each other and factors such as baud rate and number of channels

used. See Section 9 for details.

© 2001D201 Pololu Corporation

=
=)

Maestro 18

<F

<F

Z %S

=
=)

Maestro 24

<F

<F

Z %S

3 The user script system is more powerful on the Mini Maestro than on the Micro Maestro. See Section 6.d for details.
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Application Examples

WO0>KB>KOHG M RHIKEE K B |IKHKCOO-bk NELH ; HAWF L
:GBF:MKMHNGB AHBLEE;RCHGEGB<KH<HGHIKHEE>K
LN<A:L MA> 0& OM:FI Orangutan  robot

controllers http://iwww .pololu.com/catalogtategory/8] HK K=NBGH
IE:M?HKFL

W HFINM>?>IK>= L>KOH <HGMKHE HO>K 20 IHKM

W HFINM>K BGM>K?:<> ?HK L>GLHKL :G= HMA>K >E><MKHGB<L
a />:= : gyrojhttp://ww pololu.com/catalogproduct/1266] H K
acceleometer http://iwww .pololu.com/catalogproduct/766] ? KH E
<HFINM>K ?HK GHO>E NL>K BGM>K?:<>L

a HGMKH M K Bl GB@ftBrites [http://www .pololu.com/catalog/
product/1240] ?KHF : <HFINM>K ?HK FHH= EB@AMBG@

W$>G>K:E & , >QI:GLBHG ?HK FB<KH<HGMKHEE>K ﬂ;g%pg”%ofatli\gyl_
W-KH@K:FFRL>E® <HQMEEGHHKAKBLMBILIE:R hexapod robot.

<HGMKHEE>K MA:M K>LIHG=L MH L>GLHKL
WO>E? <HGM:BG>= L>KOH M>LM>K

1.a.Micr o Maestro Pinout and Components

Micro Maestro 6-channel USB servo controller
(fully assembled) labeled top view.

Note 1ARBLE><M BIEHBWM Mero *:>L MKHOHG M k H & H >8ectionl.b ? HIB GB>L MK H
IBGHNM :G= <HFIHG>GM BG?HKF:MBHG

IA>SHEHBNKH>LMKHA: G G>KOMG M KHE HSIKGN M H F | NV2X0K | H KOVB: :.USB A to mini-
B cable[http:/mww .pololu.com/catalogproduct/130] G HBVG<ENEA20 <HGG>B8NNBEHMKHG ? BNRDANK K O H
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<HGMKIKRE BEKENL>MH>GHFF: G A>> KOHG M K@ B K F ; M BMIAG> K OHG M AH E E > K
<NKK>GM LM:M> :G= L>G= :G= K><>BO> 11) L>KB:E ;RM>L HG MA> 15 :G=/

1A> IKH<>LLHK :G= MA> L>KOHL <:G A:0> L>I:K:M> IHP>K LNIIEB>L

Processorpower FNLIMHF>BMAKKIO HRKHB>QM>KG:E

Z 3IHPAWIIERGG>MA :GEND BG | NeNBIL : ? >
MA:OXx>QM>KIEBNI1ER G G > 4WA>F M B MA2 M
BEHGG>BBN=<<AL>MAKXH<>PIBHMH HP > K>CHWFA >

>SQM>IKNG BRI MPABM AXQ MSIKNG IEREEEEHB <HKK><M

HI>K:MBHG BL GHM @N:K:GM>>= >0>G B? 20 BL :ELH <HGG><M>=

Servopower <H G G > < KIHEKHHGLE-6GF AN | >HKKB @ A K16 R/IKA >

*B < KH>LMKHKSG>KOHHP >BXL: L L >=B K > MIWIAR> K O H L

PBMA® NRGAK HNK@ ® N E HMIBHKG KR LMKBKGRIBNIG L _

L>KOHP SLKN | | ERM ABIRIN LMP B M MBS > K : MBG @? Micro Maestro power pins.
RHNMKKOG#KHOBEH N@ K K>HKM NIKE B < : MBH. G >

< H G IMNE : L AZHRIHIN K K QIHHE M > K:FSBIGKH | KIB> MIGHHP LK N K €6 H M A:: M E E | 2KBIDNHIGC
MA> <NKK>GM =K:P H? :G :0>K:@> LMK:BGBG@ L>KOH BL

6HN:GHPIMKA>>L MUK <>LEHKKOKBEBGI®P>LKNIIER

i RKHG G >NM B CEEMHBROEB I8 BH MBA& + G M A> KIHP 3 K K ML
>:LR:RMH<HF| BVBAIBI AB <KH>LMEKIMHHE = PIB KOA A >

T HMMHMAH  K>MP 383G GHGEMAS>KHP><KHGG><MBHGL
LAHBG AB < MVKACB @ S HHRG@ KHANKBG G >BEIBH{>>=<:NL>
'EE @KHNG= IBGL HG MA> ;H:K= K> <HGG><M>=

1 A5V (out) I HP >HN M:IERBE/HPHM HH P >SRH N IR G3 = > O BXKCHWA >
HG ;H: K= K>@ NBEKBHEXHMER 1AHG ; HKK@ NENM B &K
PA>G>8@>KLHP >KEBEG AB L B AGKA>> L MKKCHI N B K> LM A > IKiiero Maestro configured to use
BL ::HNWM:0:BE:;E> MH IHP>K HMA>K =>0B<>L asingle power supply for both
board and servos.
1ASIG EB@>L2 Y KANLXHK G=BNEHRIMH>KOHHGMKHEEBG @
=B @QBNMMENIMVEL> . LN K B GE® E M1 @>EB Gk K HM > KM =K > L B LIM\ BKHL¥IN K K>BG-1B BIK
HNM ?HK MASH > |IBBIPBEG NLBG@ MA> HG ; HuKBELKEBRFNBBEMHKEMAHINKK>G N

1ARX EBBHNLMK><>BBG6 BGOBPKM>3= L>KBRHME:tN<AMAHUHFB <KH<HQ@MHKIHEE >K
1IA>LRM&IGBMAEKKBHE F: GHUKA>>LMKKH BMKRMRHE>G =< M ASH F | N ®IBMKAZO

<HG G > +H\KB N#B8H KH KB>G ? H K F ; M BM#S> > L ML K B GEM > K 2Section5.a + H MVPAMME>>L M K H
PBEEH; ;PRREMK><>BG21)L>KERHE>MNBBIGCH®N:K:GWM>>= 3: LAB@&MAS IBGH

RHN LAHNE= ;HHLM 3 11) L>KB:E LB@G:EL MH :;HO> 3 B? RHN P:GM MH

1APX EBEK . GLGBGMIBGCOP)KMIB=L>KERH2A>[RM<IGBMAKKLIHGIH>KBHEF:G=L
L>GM MH MA> *:>LMKH HK :K;BMK:KR ;RM>L L>GM ?KHF MA> <HFINM>K OB

1ARST IB&:G>=KBE@H® H>K? H REKK> LM A >> L MIKEHB’< K H < H G NIM HIBAHNE=G > K HEME R
;> G><>LL:KR ?HK MRIB<:E :IIEB<:MBHGL 1A> EBG> BL BGM>KG:EER INEE>
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Micro Maestro 6-channel USB servo controller
bottom view with quarter for size reference.

1A=BF>GUBMBB<KHLMKH:K> _ 1A®>KME A K B SFHBAN:: [ #>PLVPASEP H
FHNGMBG@ AHE>L :K> G= 1A® *BHIKH PBSMAMKNHVPAB:@AK IBGL

1.b. Mini Maestr o Pinout and Components

Mini Maestro 12-channel USB servo controller (fully
assembled) labeled top view.
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Note 1ARBLE<MBIHEBGMM MK *:>LMKH
:G= L>KOHGMKHEELERL>

Section 1.a ? HKB <K*{>L M KBHG H: &M

<HFIHG>GM BG?HKF:MBHG

1A>HEHBKS*B>LMKH :G= <A:GG>E

L > KOHHG M K+t BEPGKEPH<VH F | NWVROK
IHKMOB: : UsB A to mini-B
cable[http://www .pololu.com/catalogproduct/130] GHM
BG<EN=30 <HGG>BNBM&HG?B@NK>
MA>KOHG M K&INEESEL - NL>MH>G =
<HFF:GW“H A>> KOG M K@ BEKHHKF:MBHG
S HNWAL> KOHG M A K E K MG M>+ > G =

' GK><>BD)r>KBREHOVMALS :G+45

EBG>L

Mini Maestro 18-channel USB servo controller (fully
assembled) labeled top view.

Mini Maestro 12 power pins.

Mini Maestro 18 power pins.

Mini Maestro 24-channel USB servo controller (fully
assembled) labeled top view.
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1A> IKH<>LLHK :G= MA> L>KOHL <:G A:0> L>I:K:M> IHP>K LNIIEB>L

Processorpower FNLIMHF>BMAKKIO HRKHB>QM>KG:E
Z 3IHPAWIIERG G>MMANE :GEND BG | MIGLA>? M
LBHRMAH  K&BIL:?MAN: 0> QM>IKCBNIIERGG><M>=
"MA>FMBMA2M BEHGG>BBAsMMAKH<>PBHIE

;> HP > KZKEHWA>Q M >IKNG 1 BRI MBAB IR A>>Q M >IKNGHTE R

? EBIEHB <HKKP<M: BEH@IN : K:GMO>B20 BL
ELH <HGG><M>=

Servopower <H G G > < KIBEKHH®LB-6F AH PR B @ A K16 ®IKA >

*BGB>LMKIHK-=GMABGB>LMKHG= RHN: G:D>

L>KHP><HGG><VBBHGEG >KFBEHEI IBG

A>:=>MASBGB:>LMKHHGERL: IBG A>:=2KK
<HGG>kMBBGH>K>KOHP SBKL: LL=B K>MMBRKOHL

PBMAG NBIGAK HNK@ @ N EHMIAHKG KR L M KBAWB NG L Mini Maestro 24 power pins.
L>KOHP SN | | ERM ABWIN L;MP B M NBHBI > K : MBG @2

RHNKKOG+KHOBG H N® K KHEKM NIKE B <: MBH 6B G IMNAESNWM : L AZHRHIN KK B> M >K FB G >
G IIKHIKB>MBHHP SKAHNK &G HMA: ME E | ZKBOONHKASN K KEKGRI?G. O>K L@ K : BGEB®IB

6HN: GHPSIMKA>>LMIKKAN<>LEGHKKOKHREBGI@IP>LNIIER<HG G > MM BIG BVHBR>EEB G >
MHMA+GCMA>KIHPIKKMIGEB@ KHNIBGGG>BMBHEG> < N:IE® KHNBGH B A M : KK >
<HGG>dM K> <HFF>BB:RAEHH ABM KH G CGRHINKKP SLKN | | MR A=> =B <LMKIBHHP S B BL&I A >
<HKG>K H? MA> ;H:K= :G= NL> MA> BG<EN=>= ;EN> LABKMBG@ ;EH<D MH <

1 A5V (out) |HP>HN MIBRBEHPHM HH P SRKH MIR G3 => O BXICHWA > F HG ; HKK®@ NH KBHKKE <MER
KHRP 1AHG ;HKKZ NBRANMLEPA > G >3BHBLHP > KB & ABIIL 2 B GMA>> L MKHI N B K> L
MA>K> BLF:HOMBE::E> MH IHP>K HMA>K =>0B<>L

1A2B@EB®>12 Y :KNLHK G=BNEE@WPH>K GHHLG M KHE® IB 8 i NAVEL> : L N KBHEEM : @ > L
IAMHMNKKEBFNB HKIN MHWMASIB$RlL F ;NMA>KLBGA&AG ;HKKD N M AHNKKE G
EBFBM>E MItb> :;HO>

1ARX EBBHNLMK><>BBG6 BGOBPKM>3= L>KBRHME:tN<AMAHUHFB <KH<HQ@MHKIHEE >K
1IA>LRM&I1GBMAEKKBHE F: GHUKA>>LMKKH BMKRMRHE>G =<DM M ASH F | N ®IBMKAZ0

<HG G > +H\KB N#B8HKH KB>G ? H K F ; M BM#S> > L ML K B GEM > K 2Section5.a + H MVPAMME>>L M K H
PBEEH; ;PRREMK><>BG21)L>KERHE>MNBBIGCH®N:K:GWM>>= 3: LAB@&MAS IBGH

RHN LAHNE= ;HHLM 3 11) L>KB:E LB@G:EL MH :;HO> 3 B? RHN P:GM MH

1APX EBEK:GLEBGIIBCGOPKM3=-L>KBRE2IA>LRM>K>BM@A>IGC>KRMAB GB>LMKH
BMLAK2LIHGH>KS8HEF: GHK ; BMRMIRLG KIHVFASH F INOIBVKEZ®D <HG G > <HVKBABCR F >
?KHF MA> 15&+ EBG>

1ARST IB&:G>=KBE@H® H>K? H REKK> LM A >> L MIKEHB’< K H < H G NIM HIBAHNE=G > K HEME R
;> G><>LL:KR ?HK MRIB<:E :IIEB<:MBHGL 1A> EBG> BL BGM>KG:EER INEE>

1ABRR EBBEGHN MMNENM BM 8 AC>=KKNHIG K &BIEKBAB®@A>IGAS>F! BHG G BBIL

INEEHMAKHWASA-'! PASIBASF'! BH?1AK>F'! MNKGLA > &> K KHHK NKNLKIBR.A > G
M AK KHEK&. O;>>GE > K6 <:GELH<HGMKRMAN+KKBBGMA? EBBG>0KBEBHBM
BL:?MHHGGWAM EBBFNEMBEB>LMKHIL@ >MEA>0H MH P > 0AS M BIG BB E BN IMA >
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K>F'ILH?EEHG G >8NMeB> L M KIMINKG A > G >HGHKM AB GB>LMKNK@GMEF! #HKHK>
BG?HKF:MBHG HG MA> IHLLB;E> >KKHK <HGSeBtidB4bGL :G= K>LIHGL> HIMBH(

1A®XIN EBBEL>KBEHEBGBAEVMD>BEM: LRKA:B/GI @ SFWAMBEEB>LMKBRL>KBRE >L
K><>B4ABBRBBEEN?>KMAKHSE@A @ : MGM K : G L AHB®I M5 £ B G >Section5.g ? HKH K >
BG?HKF:MBHG :;HNM =:BLR <A:BGBG®@

Bottom view with dimensions (in inches) of Pololu Micro and Mini Maestro
servo controllers.

1A=BF>GLBMNMAEBGB>LMKH. :KXAHBGIAB<MNHKD >EH®®MAMASB < KH>L MKHK
<HFI:KBLAE> KM B A'lEK B S+BAN: B #RAMABPPHHN G MBIE®>L?HEEHP L G = ?HK
MA> *BGB *:>LMKH :G= ?HK MA> *BGB *:>LMKH :G= :G=

1.c.Indicator LEDs
1A> *:>LMKH A:L MAK>> BG=B<:MHK )"IL

W 1AgreenUSBLED BG=B #MA28 LL M : M NLA=> O Bi<A> G A>> L MEKIBHHNH G G >MiMCHT | N M > K
OBMA20 <:;EMA®K>*G PBEEH?4A>KRHNHGGMAM>LMMHAO MA@K>*G PBEE
LM;EBGDLDEG @FRAREBG XBGE BIGNWHERE > L MKH<>B O KIM B €N ELKGKCHWASH FIN M > K

B G =B <MMBI&E> L MU =KBOKBIG L M<EHKK>2MBER>>L MEHMABLLL: @A@K>>G

)"! PBEEEHGNEBRNBEEB<SRBKRPERGABERO :<MBQOBWRGMKBHEPFKB<:MBGIGM: GMER
LMK>= ANPK HFA>> L MKHR A>NBACH G MKEBHEEN G GB 8 @G G >MMA =L MK K@K 3 %IG

PBEE ?EB<D>K <HGLM:GMER

W1 Arederror/userLED NLN:BGRB «GMEKHAKK >F'! M N KG&LA > &> K KHHI N K13V N K@ L

P A>3 AXK KHEK @:10;> > &6E > : 0>8ectiond.b 2HKHKBG?HKE;MBMBEHKK>F'! <:GELH
;> XHGMKRME BEWL=EK KBINMS>FE'! PBEH G M A SBRULS> K KHHEKM A< K BHWF F : G HMKN K B RIG @
HG P:L KNG

W 1ApellowstatusLED BG=B¥MAMHGVUMKHNENE G A>>LVMBBGNMH =NMBHMMA>?:NEM
GA!IG HRVPM M > ¥M>N K : MVWAR>E BH PP B EEB GPH P ER Bl &8 B MAX>> L MKHHA.H M
MK:GLEBWMKINHE LA <M A>> L MBK : MHKBIGCKMRBR>EFHPPBEEEKBH=BE . EKEBR-?ER
IA2K>INHOKRE: LBEKHIHKMWBMAG>KCHKBIMAPHNEBMBE>MPING LG LBG@E>
<A:GGPEMK KBHH>= FLMASE  LABGEAKKHQBFHMGABER ><HGMAB<KH>LMNKKA>
GNF;HRE:LBGEBMAMMLMBGCGTEEES =B MAGMERMA>KOKNG: ;ESHNELKE>BG @
L>GM=EENM{NMGGKEHPABEHN B BS=BMMNM> HEPMA>KBGHG:;BPKGC >
HMAPN MENMc BIiEBGRBOB@A>*BGB>LMKIBIERBB GRGEEEAELIPA>Q EB=KB:E
<HFF.BEK><>BVOAR=EBHPPBEEBMKB=BRE:RPABx®G PIA>N/C>QMEB=KBHEF:G=

BL K><>BO>= HK PA>G MA> F:BG ;EBGDBG@ H<<NKL PAB<A>0>K A:lI>GL
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4A>6 A>>L MKK> LBGHFEM A>RVMA;6BB@B MB FEEKRIMASC>-GHR>EBHR ; EB GIDN K
MBF>L MH BG=B<:M> MA> K>L>M <HG=BMBHG

W6>EEHPK>-EBGDB&@&P GKI>NNt MBI< < PR A>>L MIKB’EBSKHIXEHPHNM3
NLN:EER =N> MH EHP ;:MM>KB>L HK :G BG:=>JN:M> IHP>K LNIIER
W6>EEHP ;EBGDBG& K>£NHKRH P:L K>L>M ;RST EBI®>OHEM: @> HG BML

W 6> E E:MRK > B G MBi@E> WABKKE RKKALNEG P=M <A XK @IMBE IH<<BKE>=B:M>ER
?HEEHPBG@ : ?BKFP:K> NI@K:=> :L : GHKF:E I:KM H? MA> NI@K:=> [KH<:

W6>EEHEBGOBE®D@> = RBKFPEKEHPK. NBREEHRML > MBIA H GEBOBK<NKK BGH®RF : E
NL: @ >

1.d. Supported Operating Systems
1A% >LMXOH=KBOGKHG?B @INKK2MBH®&IG = BK< KHLBGMHHPUBG=BBLMBG=HPL
:G= )BGNQ

1A> *:>LMKH BL GHM <HFI:MB;E> PBMA :GR O>KLBHG H? *:< ,0
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2. Contacting Pololu

BHN . GA>NMANKH=N<AHRHMNKMB & NHMKHH=2HIK=BMBIBGHK FAMBHINE=>EB@AM>=
MHA>: RKHRHN,HNMGRH RHNKHC>=>6MELHNRHNIK | >KBPBMABA®™ >L MIEH N< : @ontact
us[http://www .pololu.com/contact] = B K >4 KHELRM®B Ndfum [http://forum.pololu.com/] 1> BENHP A :Ri>= BB > BEA :RI>
<HNE= BFIKHO> PA:M RHN PHNE= EBD> MH L>> BG MA> ?NMNK> HK :GRM/
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3. Getting Started

3.a.Installing Windows Drivers and Softwase

& RHNK N L B4SRAG = bR IR HRIB E B >M-A : CBervice Pack 3[http://www .microsoft.comtownloads/

details.aspx?Familyld=68C48DAD-BC34-40BE-8D85-6BB4F56F50] B G L M ETEHBEG L M NEAER B8 @+HKKIA >
**>LMKH 0>> ;>EHP ?HK =>M:BEL

>?HK> RHN <HGG><M RHNK *:>LMKH MHG=<HFLNRHN KNE8SB& ®GIBM K&EL B MM

I'H P G E M:Maestro Servo Controller Windows Drivers and Software|http://iwww .pololu.com/file/download/
maestro_windows_10720.zip?file_id=0J266] * S B

1> GV A 1 K < A B@# Nsetup.exe1 A B G L MP B EENKERHHM A K HINAGMA>K B J N BAKBSGL M ABE
*>SLMKGMKRISBEMM K> LMKHFF:G= EBBEBENM R =G MA>>L MKKB OXERHNKFINM>K
& P ABG L M? EBER-HKN: RA : OM B Q M KE E P>B BPHM > F | H K BKKR> <HWBHE RBRtUp.exe: G+ >E><M
\/ING :

'L :=FBGBLMK:MHK]
INKBNGABG L M : E4EB § B HPBIE EKSHMW ANMMEK B O SKH M>KB > LNR*B<KHIGHRM<HFF>G =
MARMINM MIABGLM:EEBKMEIHGMBGRP:R4BG =HRLHK& GLMABKEB D KM PGIRP : R]
4BG=HPL BI1Gw: 3

? M MKB>G L M : BBE? BB Bl BAPNEK AMG INA H ME ©:>L A H K M KiMMlMesto Control Center B G
M Rololu ?HE=bAKABLL4BG=HPEB<:MBHME HPHM HH G ? BGHNGM=KHIE@ @ KM :E MBF >
?2>>= XKHEA>>LMEKA>RBEELE: <HFF:G= NBBEEMBcEMd P AB RA &X: GK NG/
HFF:G= -KHFIM

Windows 7 and Windows Vista users: 6H N&H F | N MAKNEEPN M H F : MBG LIVMEAB B < > L £ KIBRIPAKLG
RHN <HGG><M : *:>LMKH +H ?NKMA>K :<MBHG ?KHF RHN BL K>JNBK>=

3. Getting Started Page 15 of 67


http://www.microsoft.com/downloads/details.aspx?FamilyId=68C48DAD-BC34-40BE-8D85-6BB4F56F5110
http://www.microsoft.com/downloads/details.aspx?FamilyId=68C48DAD-BC34-40BE-8D85-6BB4F56F5110
http://www.pololu.com/file/download/maestro_windows_110720.zip?file_id=0J266
http://www.pololu.com/file/download/maestro_windows_110720.zip?file_id=0J266
http://www.pololu.com/picture/view/0J1349
http://www.pololu.com/picture/view/0J1349
http://www.pololu.com/picture/view/0J1348
http://www.pololu.com/picture/view/0J1348

Pololu Maestro Servo Controller User's Guide © 2001D201 Pololu Corporation

Windows XP users;:# HEEHP LM>IL Z ?HK >:<A G>P *:>LMKH RHN <HGG><M MH RH

H G G Ml O BARPH K K F | NVROK | H KTk Maestro showsup asthr eedevicesin onesoyour XP
computer will detectall threeof those new devicesand display the OFoundNew Hardwar e WizardOthr ee
times. ":<A MBF> MA> \#HNG=BSK=2q:K&HIR: N+ 492HEEHP LM>IL

4A>G MA> \#HNG= +>BSWKKFBIK=BLIE:R>= L>E><M \+H GHM MABL MBF>

,GMAD> < HIGK $HMBAHHN &xP% : K = P4KS : KI=3 E v&GIL M ABHE? M PNIIH F: MB@ =EE R ]
<EB<D \+>QM]
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4BG=HBPEBEEKRKBHND : BIGMWV—K B O >KH M>K > L NR*B < K H LGH# M< H F FM SRIAINM H |
MA> BGLM:EE:MBHG EB<D \ HGMBGN> GRP:R]

4A>BHN:O2BGCGBMAF#HNG=PY% : K=P4K5 : K<E B#B G B M MK : B H MRABK:KBE E
IHI NIHE PBEE L>threeMBBI:E=H?PA>GC IEN@@BG@ BG MA> *:>LMKH #HEEHP
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&RHNL4BG=HKBPLG>QI>KBKE<EBGL M HEIN BEMNRD> KBt EM B O AEN HSR HINKH ; E>FL
FB@OAMNBGE-CKKLBABLKHLNERZMMH & KRBbEKSys 3>KLBHBABLBOCBMMRB >KLBHG

P B EHERVH KIDB NVIAN > > L M BHING: G A> PR W >KLIBNMABKB @ HIN: OPREHHDBE&G @
MA®>M:BNEIHMA>KH I >KRBG EMHHaBbsesys B G\Wndows\System32\driverdH@ M?B QG =KLBH G
HM A=K B RHWR B EE >MB G LS8&nkcE Pack 3 [http://iwww .microsoft.comtownloadsHetails.aspx?Familyld=68C48DAD-
BC34-40BE-8D85-6BB4F56F50] & R HANHE HAM GOV K O-B<B R HN: G KBR5 L M % H B(@ BQ BGLMNM
LHFNL>X:IOA: 4 KH ; E PBINASH MM BEM KK> L HERNIZD K: VBB ®OB<BD 1AxXHG?B@NK:MB}
LH?MP:K> PBEE PHKD >0>G B? MA> L>KB:E IHKM =KBO>KL :K> GHM BGLM:E

?MBKLM NEAEBBG ABKH® MRHNKFINM>RBXS: @>K> Q| : GFFA>HK M,I* )-1 JEBLM
RHNAHMEMPH* IHKMAMFF:GHKEMAA)-HKME K>GMA>MMKA:F >R HNB EEM A >

G FHMAHKM @,* ] HK ,* ] &RHMNQI:®A>HEREN >0B<BEBRMNMNAHNE=G>G MWKK
MA> *:>LMKH
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Windows 7 device manager showing the Micro Maestro 6-channel USB servo controller.

Windows XP device manager showing the Micro Maestro 6-channel USB servo
controller.

OHFEH?MPBEHEENPGG>NMMABKWA>KIHKOWF ;>R HGE > MHEA . G@A>* IHKAGWNF;>K
LLBAVARHIRBE =>OBRHN.GH HLBMAP>rOBS: @ >KBE @ AKH I >KI\BBEHHBEA > IHKM
GXEBKA>=0:G<>:zN| B BIA >H MM M BIG#KIHW ABB.: ERHEN: G A: GNRA>* IHKMLB@ G>=
MH RHNK =>0B<>
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3.b.Installing Linux Drivers and Software

The Maestro Control Center running in Ubuntu Linux.

6HN <:G =HPGEH:= MA> *:>LMKH HGMKHE >GM>K :G= MA> *:>LMKH <HFF:G

WMaestro Servo Controller Linux Softwarelhttp://iwww .pololu.com/file/download/
maesto_linux_100507.targz?file_id=0J315] D @S

2GSBIAY® SEI<ABRKN GG BIGKRS CHEEHRMAG: FHMABE>MSKEEHPBGOMKBGMBHGL
READMEtxt RHN <:G KNG MA> |K Hv@etroCohtrojdenter Q > < Gl ddcBrial @

6HN<:GELHHPGEMA= LHNk<tb=tVscCmd :LI:KMKM?M APololu USB Software Development
Kit [http://imww .pololu.com/docs/0341] /> READMEtxt BG MA> 0!( ?HK FHK> BG?HKF:MBHG

1A% >L MIWHPHBIB K MANKIBLEM G>NLBESBGCGRBMABRM <BKBBG KM : E1EA 81 B KIBNKIBEL IEM L
KB G:@;RM Ade-acmD>KEHENEAHLENKKH=RHN. GBBG & HIN K K GISHEN K | &rivers/  usb/

class/ cdc-acmc 4A>BHN{NHGAALAM L MKMA> MABPGIBK MANKBYEIMAHNIE=: KL=> 0 BRBMU A
G:F>HB@w» ttyAcMO : GHevi tyAcM1 MAGNF ;=KI>GHAHPF:GRMAXK =>0OBRHEA:OEN@ @ >=
BGLAPHKPNB MAESH PGKF;EKHNBFRAMFF:GH KA B A B KPNB MIAMB @@ N K ; B KH NEB®A >

11) O>KB:EH-MKMG 6lL> :GR M>KFBG:E IKH@K:F LN<A :L D>KFBM MH L>G=:

3.c.Using the Maesto without USB

&BILHLLBVME:®M A>>L MKHL > KB> K OHHG M HB BVEABHENLW = ISHRB)G K B GHHKILB.G @4 BMAHNM
NLBZO@RHMNBEH M ; EMHA : GNAS>> L MIKEM M;BIGREN: GI LM A> ? : NENMBABEKRENB M : ; E >
?HK F:GR :IITEB<:MBHGL 1A> =>?:NEM L>MMBG@L MA:M MA> *:>LMKH LABIL

Default Settings
W1A:2>KBHEBL2 /1 =>MpdANKK: M>IMRHIN>GQEAR ;:NXK:NBX =B <;RNNHS>>LMKH
PBEE :<<>IM 11) E>O>E L>KB:E <HFF:G=L HG MA> /5 EBG>

W1A> -HEHEN -KHMH<HE =>0B<> GRIF>KMKBRL :GHAC>KEBGB MBFHRANM :G= /[
W EEA:GGKEHG?B@NKKEGABMABGBFNEPBMA cLG=F:QBFNWEPB=M?ZA

cL
W1A> ;BM G>NMK:ELIHBGEGMMAL ;BM KciG@> BL
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W,G LM:KMNI MA>KKKEGHLGMNKGLEH? K> L>GM

W,GLM:KMA*KSH |>>3HK<<>E>IEBBENEHN: G >IM>>6 =<<>E> K BMBEHMRIG®&B : E
<HFF:G=L

W1A> L>KOH I>KIBH=<BA L>KOH K><>BOPBL : INEL> >0O0>KR
W1A> NL>K L<KBIM BL >FIMR
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4. Using the Maestio Control Center

1A >LMKRHO" BCGM>KRHOB=2xbMIHEEHG?B@NKVBABGEELNIIHXM>:E MBBMKHE
?>>=;:<D=>N@ @RS@LMKI M KIBEBIK@ K : | AB €{MEEFNMD >B.M: L RHRKHM N LM A0
BGM>RMIEPHIGNRKHCREMB E EGMWHM ; RNIL BNGASPH G M K & B BIKWI: G M >R NN K L MKAB L
L><MBHG >QIE:BGL FHLM H? MA> ?>:MNK>L H? MA> *:>LMKH :G= MA> *:>LM

4 .a.Status and Real-time Contpl

The Status tab in the Maestro Control Center.

1IA®M:NNBN L >HKH G M KM EEBLGVBHN'M |:NEMIHFKH G B M BI M BIGI@® > MEB F >L > | : K KNHP
HZXHGMEKEHELL E RBHBG<AMA>> L MUK G GEBIAX<K>>GIIHOMVMA K> <A:GGBHUE:R>=
;><NMA>>LMKK MKIGBEBKHG G>MMAB GB>LMKHKA: GG>EOHG M KIHEBPA>> L M K H
HG M KBEBSHKG G MWL MEKHH=>EB M A KR >P <xK: GGBEBLIEFRKHPR>P xK: G GPMEIA >
L<K>>G

#HK<A:G&HE ?B @QNIK=>KBK NMMALA ><Dx B Q, BEV-APN M ENKM @ @ BLEE@ —&KN M Rakget
L>MMB/IGNGA : G GG Bl A K> >EEG =B MMALG GNEK KosBd # HKQ : FI1B® ACA : G 8 & BWIH
K>E: MBEHERRA>GAEBBEK O MHG >PHLB MBAREK > >EEB EEH FFEIRONG BBHEK > <A>=
M AE B B 6K B <MMBMHSB! MANIKI> : < BNUASAMHKHK K ><BHS M MHEEOME R>R ELEH>GM>K > =
=BK>BUHER: KD >BIGINMILALEBBENKMHF: MB<:EHVER M MAPB GBFMFEF:QBFMEFEN>L
LI><B?B>= BG MA> 0>MMBG@L M:;

#HK<A:G&HEBE?B QBI®PMME B @K> >EEL K@ > M3 ¥-HL B MV BHEGEIRN KKO>EMNM M ABG IN M
1A>BE K HG MG HE 2;HBG | NIMIB G | MMBIA : GG 2E LK >G : E W@ ©B K N> G @keH AV H
K>1K>L>0HMVEBRZIEGHM H3 LABGINIBIA:GG>ELK=B@ BMEBBENKEBMAQKMERY:<MER
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1A%01>>=¢ % <<>E>K BB NEMHE MMRpeed: G accelerationH B G = B OLB>KKNO/AH: G GWHE 1= C N IB\G> =
K>:E MBF> 1A> =>?:NEM O:EN>L :K> LI><B?B>= BG MA> 0>MMBG@L M:; ;NI

EEMASCHGMHKMBIRAB LEP:RBLIMANKKOGPEMEK>|HKRMA>>L MBKMLEHA>IRNL>?NE
?HKHGBMMKBEBHG LR GHMAKHKD KK OB<PKQ : FIB2FB<KH<HGMKKEBEKKB:E
BCGM>KMAGBAN>>H2>KOM GGCGHMEHO:EN? MABGLERBEE=-BLIE BRPE>=BBMMER
<HKK>LIHG=BG@ BGINM >0>G B? LHF>MABG@ >EL> P:L ?HKF>KER >GM>K>

PWM Output (Mini Maestr 0 12, 18, and 24 only)

,GMABGB>LMKH :G= HGHMAA:GG>EL
>NL>E: @>G>K:E 1A K HHNLMPBM2K>IN>G<R
?KHF D%BH *%S:GNIMH ;BNHLX>LHENMBHG
IABIHNENL>>HKQ :FIEL>GB G IMMFH M+KB O > K
HKCHK'! ;KB@AMIKBG MIKAPEA* HN M B\UIMG
<A:GG?»HKABGB>LMKHGH A : G G HENKA >
*BGB>LMKHG= 1ABIA:GENEM<HG?B@NK>=
:G HNMINM ?HK -4* MH ;> :0O:BE:;E>

6HNF:RNLMAA* NMINNG MMHEBA M MHNE A >
OM:N/NMM>HNMM?* ;R<A><D\BASE><D:;GH
>G M >K B & R EXHWKAP® B FG+> K BBIG G BIM L

cL I>KBH? ? HKQ 'FIEPB EE> G >K: IsﬂugPWM Output control in the Status tab in the
?2K>INBG IRAHOFAK>LHERNMB BOGE N->IL> G = IMaestro Control Center (only available on the
HG MA> I>KBH= :L LAHPG BG MA> M:;E> ;>Win{Mestro12, 18, and 24).

Period Period On-time
range resolution | resolution
z
Z
Z
1ARI><BEBH=L :G= KEHM<HFF>GBG=> =NMR<EGHM :BE:MAAXLEN>L
EMAPGIBBE>M NVEM A>K BINHGHMAI><B:ENGANMR<EREE EHRNMINABS>KBH=L
D%S D%SG= D%SKHOBA>LMLLBKECHERBINBAG G= =NMR

<R<E> HIMBHGL LH RHN LAHNE= NL> HG> H? MA>L> I>KBH=L B? IHLLB;E>

6HNP BEKEH ; . ;EFGNWIN LE>KBHEF: GHHL<KBIMMD NLH?24* B ® HNKH C 6 x$&ction5.e : G =
Section6.b?HK FHK> BG?HKF:MBHG
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4.b.Errors

The Errors tab in the Maestro Control Center.

IA*KKHKBG=B<KM>E MANMM>> L MACH:>M> P BIENG GBEMaARKF N G B < KIBHHESK K H K L
@>G>K:M>= ;R ;N@L BG : L<KBIM

"< A KKHHKK K > LIVHHGE-RIG! AVBP H ; REIVIKKHKD BLLAMKHKE'! PB EEH GLEH GL@G RI'M A B BIBI A >
>KKKPK@ BKM>MH BMGELEMNKBGRMAed_on L<KBHVWFF: GEA® :ENMASK KKPK@ BLM > K
=BLIE:R>= BG MA> NII>K KB@AM <HKG>K H? MA> F:BG PBG=HP

4 A> GG> K KHHK< NNMKASH K K > L | H 5B BIGo@K KKPK@ BBLLVMKH : G M A > L MIKHG =HH BNLEK O H L
G =B @BNNMENMM A ABIEH L B M AH Gol< B BBHE> M MIB GS@ttiond.e G RL> K GIHKLN M NI AL M
'KxHG?B@MNBBSAE@GRK=PBEEM<A:G @A KKK BINE>KKRMA $> MK K HK4A B : E
<HFF:G=

1A> >KKHKL :G= MA>BK <HKK>LIHG=BG@ ;BM GNF;>KL :K> EBLM>= ;>EHP

WSerial Signal Error (bit 0)
A K=P:K>>KXEHAEM < PKI>:G R M:M HB BIG HEW M > <WIA=Q | > <IE><PABL Gl <<BI'K
RHN :K> <HFFNGB<:MBG @?>WL 2 KHEFKVNAS MM KB 2

WSerial Overrun Err or (bit 1)

A K=P:K>>KXGAMEY < RIA>NGA>/ 11BGCM > NB>EKB RELARIA H BEREWK <ANKK BGI®F : E
HI>K:MBHG

WSerial RX buffer full (bit 2)
?BKFP:K> KEVDAEM < WA A2B K F AL KNP KHR MR <> BI@AAS EBBRNEE: ;RM>
?KHF /5 A:L ;>>G EHLM :L : K>LNEM 1ABL >KKHK LAHNE= GHM H<<NK =NK
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WSerial CRC error (bit 3)

IABK KHKK RRACNGA>> L MBKNG BBG @ G: EPE=CMAR<EB=NG <LE<RD ;RM>

M ASSGHMASHFF: GxD=MXAHMMPA MA>>L MAKHKHFINMMALMDEM” Section

5d &G LN<A : <:L> MA> *:>LMKH B@GHK>L MA> <HFF:G= |:<D>M :G= @>G

WSerial protocol error (bit 4)

1 A BAK KHHK< NPKAL> [ A% > L MIKH< > B G :BLG < H K R Bl K ENRKGH=G L > GIHB—<F: BB =< D >\H K
>SQ:FIBRAHFF:GRMHAHMM<PAGHRBFF:BXGNG?BGBHRARPG=DBBGM>KKNIM>=
;R :GHMA>K <HFF:G= I:<D>M MABL >KKHK H<<NKL

WSerial timeout error (bit 5)

4A>G6 A> KK BEF >BHNGM ; EM ASBLKHKK WAL G SNOAMB F > KBt E : | LPBEM AHASM LMK H
K><>B:GHRE:@B=KBHEF: GEABWB F >HNKNH >N L >MHA : D M A>> K KB IM M KIG ABHKE >
IHLBMBHGL BG MA> >0>GM MA:M L>KB:E <HFFNGB<:MBHG ;>MP>>G MA> *

WScript stack error (bit 6)

IABKKHKK RRAEGN @G AL EKKRBINM:INLMAM :MB O > K PHEHEP=>K 2ERM RKBHM F: G =
MAEM =B VBASM : A DM A B M > G/NHBN VPAB KIHAKE M . =BDINBA HBIAB<KRHELMIGH HG
MA> *BGB *:>LMKHL

WScript call stack error (bit 7)

IABKKHKK PRGN @G ABL EKKRBIKM: NLMA> EM :MB O > K PEHE= > K 2EHH® > K R EG P
H<<BMA>KMHHGE>OHBELMNFKHN MBIGN;IK HNVEBEVMAM-HEIRG RIBFPAx: HBM: <D
=>INBA HMAB<KHLMIGHE HGBABGB>LMKEBNG=>KZEHP<RAK>BABEK>MNKG
PBMAKNKK>LIHBS BHGNVEBBESN G = > KPEHP<BIRKHKN:G. N ; KH NNM BN A&F> L MOK KIB | M
"MN; KHNMBBHE F: GGMAN; KHNMEBEG BREB MBI <HFF: &=M MAKGIt <HFF:G=
HK :G BG?BGBM> EHHI

WScript program counter error (bit 8)
IABKKHK RPACGN @GIANL tKKBIM:NLMAKH@KHNGMAX=KHRAAG>>BEMLMKN<MBHG

MH>Q><NW@ HNHWHNGEABLG: |1 >BR HINKH @ B GFHWH K F B R: lyuit veturn HBG?BGBM >
EHHI

Performance Flags

IA>SKKMKEULFAHPABKAK ? HK P:E:&10;> >G> MA P> : MG BIRE BMM Mini Maestro 12,18,

and24 1A%>K?HKP:E:8x¢.=BMAMM K H<>EBH K> : = EBHE®K ? H KAB&@HHG MWK HEB =L
 K>LMEWM> L MIKE XK OHHG NEKHHEEH P=H-PEBSG H FB: R- > K ? H K P 4@A H IGEHWK <ANNK BGH® F : E
HI>K:MBHG L EHG@ :L RHNK L>MMBG@L :KSe&tiBMABG PBMA MA> EBFBM:MB
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4.c.Sequencer

The Sequence tab in the Maestro Control Center.

1AB>IN>B<EEHMBIFIEEEMBHEN > @ &<K> . M>+HE R =<BIGIA>>LMKH>JN>EELBF | ER
EBLWPK:F*IL} <B ?NRBKGLA MBH SR M A > K OGI+=NK: MBBBE E B L 24HKE2K :FC>IN>G<>L
TKEMHEBGIASS @ BHLRVACR F INRIAXKKIAS> IN > K > M>3N>GE<Gi<HIBMH AX<KPIAB <A
BLL:O>= HG MA> *:>LMKH 0>JN>G<>L <:G ELH ;> >QIHKM>= MH :GHMA>K

1H; > @ BIG> : M B&Jd > & E B Aew Sequence; N M MGIEG M SKF 32 HKA >IN > BIkBGI@&H G MBKGH E L
MADSM : NUN L >M <A M A>> K OMHLA H L B NRBIIRE N E B DEIM A?B R KMFM A x € BBaveFrame : MM A >
HMMRFAB G =HR> MEK > LM B SHMEE MAEBBM<AMMAO>IN>SB<BHN: GHPFE:R<MA>
L>JN>NGL<BNEAE : ®> I N > G N MIMHRCHN: G >NIA>> K MHAA M L B MBM &L><BKBER<EB<DBG @
M Acad Frame ;NMMHG

1 ABrame propertiesE ;NMMHG :EEHPL RHN MH L>M MA> =NK:MBHG :G= G:F> H? : ?
1 ASaveOver CurrentFrame ;NMMBO G KPMBME B 2 Kl >F>P B MASN K V@RIV E R KIHFA>>L MK H

&M Rlayinaloop <A><DBEA><D>3IN>E<R;:RBEHHI<DMMA> @ B GHoM &3] N >RA>G >0 > K
BM K>:<A>L MA> >G=

1 ASequence=KHI=HR GE H B @NARename Delete : G New Sequence;NMMIEGHRMHMKK > &=
F:G:@> FNEMBIE> L>IJN>G<>L
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L>IN>GGELBNLMHK>:NIxKBABBAMHHK@FA>>LMKMN>KKMP;HN MMHEH | R BIGA@
L>IN>G<> BGMH MA> L<KBIM

WCopy Sequencedo Script L>MAX<KBHEHHIOG=KLBM&A&>IN>&E&H LML>RHRB EEERtGM
MEA>NRAALNGE<KBGEBW : KM N BKEGO< K B:MHI AMML< KB NNGNLM H F : MBA>BER>L MKH
BL IHP>K>= NI >G:;EBG@ ?NEER :NMHF:MB< HI>K:MBHG PBMAHNM : <HGC

WCopy all Sequenceso Script BLG: =0 : G €3 M BIHAGM=1LL >H/R N ; K H NWHB/ASE ™M AN K L<B R | M

": <A N; KHNMBGHHEHMA> IN>E<BEEB A&®; KH N K BVEA>< K B B\E BN IMA> J N >NBH >

i >IE:R>»=<DLBGKERA>LN; KHNRMBLGANL MH @ PBMINL MK BHM2HKQ : FIRH N

<HNE= F:D> : =BLIE:R BG PAB<A : ;NMMHG <HGG><M>= MH :G BGINM <A:G
Sequence Editing Tps

W6H N : G >E F XM MBKERPRAH E =BHGRIB A M KK A B AN VAHABKEEB <BEBLAGFABEEHPL

RHN MH JNB<DER FHO> =>E>M> HXMLMA> HQAKKMBHG KEE XHNHM>KHMRHG <>

WEHN:GK:@ R MAL HNVM A= BBB G =BIGA M A HPIB B G = RRFRLIHAK :N@AO0> I N > K8 <PN M
H? MA> PBG=HP MA>G RHN PBEE ;> :;E> MH L>> MA> OM:MNL M:;, :G= MA>

WEHN:GENNMHIRG #:LMX: FPRL>E > <\WBEE ANGBN A= BAW GIKI ASM : G B KR, H: K=
LAHKMHKNMAKEMHK@EASEB T HEK =, L>1: KM M@ MR HN: G NWA K HWFAXK : BB LM M >
MABRIHLIK>: = UKHXIK -BM>EMAXBIRA>RKBGM AKX : EEBRAPRBHNK=HG2ABL
?>MNK> =H>L GHM PHKD BG )BGNQ

Keyboard Shortcuts
1A> ?HEEHPBG@ D>R;H:K= LAHKM<NML <:G ;> NL>= BG MA> ?K:F> EBLM

WCtrl+A 0>E><M :EE ?K:F>L

WCtrl+C HIR L>E><M>= ?K:F>L

WCtrl+V H&hift+lInsert -:LM> BGL>KM ?K:F>L ?KHF <EBI;H:K=
WCtrl+X NM L>E><M>= ?K:F>L

WCtrl+Up *HO> L>E><M>= ?K:F>L NI

WCtrl+Down *HO> L>E><M>= ?K:F>L =HPG

WDel !>E>M> L>E><M>= ?K:F>L
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4.d. Entering a Script

The Script tab in the Maestro Control Center.

IAB<KBMIBPA>RHNGMEKKBIHIEH: =BGMA>> L MKHEK>M HB®E IX>> L MIKHK B 1M B@EA : @ >
L >Section6 ,G<RHA:O>GCM>K=KBIMEB<N\DAZIER>MM B\GNEMIHE MA>x<KB @®&/M A>0O0B<>
MA>K> :K> : GNF;>K H? HIMBHGL :0:BE:;E> ?HK M>LMBG@ :G= =>N@Q@BG@

Running and stepping through a script

IHLM KM KRB NG GBEBRE A® K> NG EH,GEAPN@ <KBOMNK<KBBMEHKH<>LRM#A>>LMKH
HGBEGLMKNKMWBMNG MRR 1B G LM KBIK M B BHHKEG> K KHHK NSKE : G R : L BIMB EHN L > RMNNE. >
cEHHIZEHFDB ®HH: N L+t <KBIKWNZTHK >OAKMAX< KB KW G G &0 M I8 kK K B;INVM \? 1B &E
O:BE:EMAF EEGWKB :BEEFRE KHNRGHNK N KE=CAHP BE@AG L MKMABKMNHKIK >GMER
1 >BG@><NARPAXKBEEM=LMGIAM: BEBEEOBLB,EAXB @RMMAS ;GE>LMNKHNMBG >
<:EEL :K> <HNGM>= BG : E:;>E :M MA> MHI H? MA> M:;

IH>Q:FBEVGAN >K: MBHGKB BVH K=> M <EEBWAENANMMEHGCGBEOMOKKBLIMBN MM HNGLM A >
L < KB BV > <NINBXS B)AELM K NIAM BIHGP : BMH:IG H MARKF: GRLM > 1B & RHWNAD<XK BLB G @ E >
BGLMKN<MBHG :M : MBF> RHN <:G <A><D MA:M >:<A |:KM H? RHNK IKH@K:

Setting the script to be run on startup

R=>7? WEAM< KBGOWK R B8 A >BHNE BAAEN ® <KBINWMM MAHP >OHIK GRIIEB<: MVBHNBE EG M
MAX<KBKWN:G MHF: MBHt ENMMR>> L MK IG>NL>PBMAHMHNM:G2@G MH G G > <MBHIA AN G
L<KB BW : K M NV BHEGN M4 >> L MNKHN M H F : MKBNMBEL <R B AM G >SBRH# K P > KNSI6H W B EM BE E
:;E> MH NL> MA> <HGMKHEL HG MA> 0<KBIM M:; MH ?HK =>;N@@BG@ HK M
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Examining the compiled code

EBVMAIB>PHFIBEH=>|NMNWHGMAxMNREMMIA:Kx<xK>:MR>=<BEBB8RHNKKABRIABLL
"O:BEFELMERMHMEKC O>EHRKNBGM> KBM MM HBEBRM> <NH=HEG A>>LMRHK
>Q:FIBRHR: GMR K BRHNMK & HF | B H E K :dontact us[http://www .pololu.com/contacf MM ASGH M A >
<HFIBEH=-BLEBLMBEHEM AN ; KHNBG GEN-BEBE ; BKE&><BFGRA>QHM : NMBHIGNF;>KL
<:G ;> NL>= PBMA L>KB:E <HFF:G=L MH >GM>K MA> LN;KHNMBG>L NG=>K >

4.e.Channel Settings

The Channel Settings tab in the Maestro Control Center.

IA>A:GCO>EMMMB GE@ G M<BGMMHKEG R M ACA G G >E K KEFE MMEACKE MHK @FA>>LMKH
:?><MBG@ BML HI>K:MBHG BFF>=B:M>ER HG LM:KM NI

A separate ow of controls is displayed for each of the Maest® channels:

Name.": <A MAA . GGE>EL:LLB@ G>EF2HXKHNKGO>GCGB>G& G EF>KS HNWM HK®A> 0B <>
N BIG LN AR L MKC>RD BILAIHKKRK G F | NBVRH®: GNIN LR H N L MKGI=RP2 K=E8 MINRIBMAHNM
EHLBG@ MA> G:F>L L:O0>: L>MMBG@L ?BE> HG MA> HE= <HFINM>K :G= EH

Mode. 1A> FH=> H? MA> <A:GG>E BL MA> FHLM ;:LB< L>MMBG@ =>M>KFBGBG
WServo MA> =>?:NEM BG=B<:M>L :G / L>KOH -4* HNMINM

Winput L1><BVMBMUCA:GGAHNENL>E: GG EHIOB @QBGIIENMB G| NMHMEIA: GG 2E LK >
G EN@F>LNKHEMBGNHKNESMP >>G= 3 "MF:QBFKFM2, HNMD % S
IABGIMMBLA:GG>EL:K=B@ MMAEBBENKE B MAQ K MEERQ :<ME R+t H MPAMMOC: EN > L
=BLIEBRMASCKD >@=HLBNMBOABI AM : NIN1K H GPN : KM ¥K& = M B:E&I © ME NL A BL
=BLIE:R>= :L
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WOutput L1><BVMBMUCA: GGAHENEBENNL=E: LBFIEBR@IBNMBNL NHB € =B <: MMER®=M A
MAHMLBDBEMMAAA.CGBNEMHHGVMKAHEMAMKMN MBEMP3 HRB @A O0I><B?BXKAEBER
HNMINM BL EHP NGE>LL MA> I[HLBMBHG OcEN> BL @K>:M>K MA:G HK >JN:

Rate L1><BMBNEK>MMKX <Servo <A:GGEGH AB<KHLMKHIE>KE&NLAMOMA>OINEK>M >
PABEMABGB>LMKH :G RHNG:OMPIRP2KKGWSIKAHHIABKAWNLEG:<AA:GG>E
1A> INEL> K:M>L :0:BE:;EPeriic>: € Redidd knHltipker + >RINMBA\G@ L =>L<KB;>= ;>EHP

Min :GMax LI><BI?AE EHP>E NHMKASA : G (odtidn #HKA: G GHEL? B @ekeEHNMINKNB G
G2:QL>MMBIEK® & KIHIG =< WBMOSEGBFERBE :QBFNFEHPNERPB=NMAKA> KB B G BINM L
FB<KHL><HG-=L

On startup or error. 1ABLUMBH<BRPB>M: EMAarget HMACA: G GAHMEGPA>GA>> OB MKNML
IHP>NKH K> L HIR A>3 A BUS> K KHHKMPABIR A SBKESL | > SHK< < > E > KLESWMVBINREBGE A&2A © G B>
HNMPBHEEHH N/AXE B LNB M AB3H>G< B PHBL>B-M B IBK K;HNHE H-NN K B © @K M BN\GBM: IGHB G?HKF:MBHG
s HNM MA> IK>OBHNL IHLBMBHG H? MA> L>KOH BG MABL <:L>

WOff LI1><BMRBMM> KIOAH BEB MBHRPRARO®O:EN2 :GMABMAHNBAENKIBZP-A>G>0>K
G >KKHK H<<NKL

Wignore L1><B?B>L MA:M MA> L>KDH; NMHWA-MBGBIMB:EER LAHNE= GHM <A:G(

WGoto LI><B2?8>7: NHELIMB M BM&> K O At > KK @PNB B >NWIM AIBILL B M BEHVG K M IRNAI> G
G >KKHK H<<NKL

Speed. 1 ABLI M BHX< BMBSILE>HMA> KBE GBML clL FL #AHKQ:FIPBMAI>>H? MA>
IHLBWMBEE:G@& M HLMU>K FLHK ¢ LLMini Maestro 12,18,and 24only: & RHNL>I>KBH =
HMA>K MA:G MRA> #MA> NEGMBML RZKASM= OK> sBEHP ?HK FHK> BG?HKF:MBHG

Acceleration. 1ABILUMBHG<BVBx<c>E>KIMABRBGBEGBNML cL FL FL #HKQ:FIE>
PBMA<<>E>KIMBHG>>HMA>KPBEE: GR>F:QBFMNP cL *0O >KR H\MBr Maestro
12,18,and 24 only: & R HNIL:>l > K BHHV APAMEA= 7 . N BFEM M ANSG BIME <> E > KKMBR G 0G WM>EH P
?HK FHK> BG?HKF:MBHG

8-bit neutral. 1 ABH.IM B.H 5< B RIB\MI@X>OM ENBXEB<KHL>MAGMIK K >L MH5 =1G >N MKIIE; BM
<HFF:G=L

8-bit range. 1ABIU M BH< B BSIGC @A GKCOMEN=2«>L BEEVWABM FF: GG ;BOLEN2K>LNEML
BG :@W:Meutir@ b range PABE> : G ;BM O:EN> HP>M G&nElNEMENGBG @ M: K

Advanced pulse contol options are available:

Period BLG: =0 : G €3 M BHNG MM IA > K BHH2EHH M AA> KINHELBEEBEEB L AAHBEMAFHNBMB F >
i >MPENGEG<>LNBOPE@ B GAGG GRE:NK N G L N; K>NWAHBILM BEHG B8 MM A=> ? : N E MF LMini
Maestro 12,18,and 24 only: M ANG BIIL> >6 =<<>E>IKEMBHBGIANEK>MPANGBEML>GEE HB
Period G HHMBeriod multiplier -E>:K>?MM A>HE E H\W.B BHMAC>E: MBHOIPARIGd G+ 1>>=
<<>E>K:MBHG NGBML
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Period (T) Rate Speed units Acceleration units

T=20ms %S cL FL cL FL FL
T=3D19 ms %|S cL 1 cL 1 1

T>20ms % S cL 1 cL 1 1

Servosavailable BLG.=O:GHINM BHEAB <K H L MKGEER <B?7REBBI@®; BHKR A : G APAEIMR >N L >=
MHHGMKKEGHXKQ . FIBRIABGLERE>MHHGERSA.GGZ2HEHBEEO:BE:LE>KOA: G GBAL
HM AAKG GNEIEEL >Mikput HButput 1AM GER:LIMEILD 2>PEKK O®:IB E:KBME EHPHG @ >K
F:QBFNF INEL> E>G@MA HK : LAHKM>K I>KBH=

Period multiplier BLG:=O:GHIMPHBABGB>LMKH :G= MA:BMEHREL@AKKBEHPINKEL>
K:MPEHFEBMAA :GGHHEHQ  FIBRHIN>E>KMNMBH=G=FNEMBIERH: @ :O>HF>>KOHL
KN:® FL WS GMAPMAMIFL %S4A>G ASNEMBBBE>KWAS KM AN E K>NM+ M BRMHBEEEE
> LAHPG BG >:<A Rate GIGEEFBG MA>

For the Mini Maestro 24-channel servo conuller, one extra option is available:

Enable pull-ups on channels18-20 M N KKGN EEKNLBEMEIER AAA:GG>EIMA:KEHG ? B @BIGHN-M L
1ABRN: K: &/MMVMEG IOONERBERABEAA>GHMABEBGEK B OBELHKIBA>CG: ; EMABL MINEKEHP L
RHMEHG GN¥NHKPBMMAALGG>ELHK PBMAMNINE RRBHANE® SQ M >IINGE BKN L BL BIHIKE R
<HGG><M MA> ;NMMHG LPBM<A ;>MP>>G @QKHNG= :G= LB@G:E EBG>

4.f. Upgrading Firmwar e

Note: 1A>K>0,>>G 1R B KF N K@ K =>HE > 21HMSMini Maestros R > IMHV AlBSL < MHBGHEERE B > L
M H Ncto>Maestro 6-Channel USB Servo Conwller

1A> *:>LMKH A:L ?B>E= NI@K:=>:;E> ?BKFP:K> MA:M <:G ;> >:LBER NI=:M>=

6H N G >M>KRBG>K LB B N K> L MUICHBK F P RSN G QVBAS@ L M KHHG M KIS IKG G > MMIB G @
*:> L MHGHE HH D BMGABB K F FQ K LBMFS P KBBAB L | E BRBFAM | >ECG2IMK G>IRIMA>SHG G ><M > =
MH] =KHI=HPG ;HQ

3> KL BHGM Aticro Maestro 6-channel servo controller ?BKFP<KS M: BN6@ ®B\@NMD > L
\&@GHK=E>KOHA: GHKK>MMERMAMN | =: RK><HFF>%BH-0 BRBEMG>: KE B >K
?BKFPOKKLBNBG; BKG<ENEES@BIKARII>2HKEHO>F;>K Do not apply this
update to aMini Maestro

IH NI@K:=> RHNKRBKCHM KB ?HEEHP MA>L> LM>IL

0:O0MA> M MBVH#® BRH Nk L MKIEBNG A4S : Ol>> M MPBBEGYIIM BB BE>GNEH RHNK
L>MMBG@L PBEE ;> K>L>M MH =>?:NEM O:EN>L =NKBG@ MA> ?BKFP:K> N

IHPGEH:= MA> E:M>LM O>KLBHG H? MA> ?BKFP:K> A>K>
a Firmwar e version 1.01 for the Micro Maestro 6-channel servo controller [http://iwww .pololu.com/file/
download/usc02a_v1.01.pgm?file_id=0J280) D 1@ F [ K>E>:L>= +HO>F;>K
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HGG><M RHNK *BGE#¥KAH MK )BGNQ <HFINM>K NLBG@ : 20 <:;E>
ING MA> -HEHEN *:>LMKH HGMKHE >GM>K :IIEB<:MBHG :G= <HGG><M

&GIA>0OBR>GN>EMPXID K ?>BKFP:KEHNWBEE>F>LL: @D BFHBIR HNKEN RHMN: GM
MHH<>EB{D1A>*:>LMKBEEHPBL<HGBGGIXXHHFHNK FINMHK>: 1 I1>1KG>R>0B<>
<:EE>= \-HEHEN NL< : HHMEH:=>K]

a Windows 7 and Mista:. MA> =KBO>K ?HK MA> ;HHMEH:=>K PBEE :NMHF:MB<:EER

a Windows XP: ?HEEHP LM > Hectign 328HHF@>M MA> =KBO>K PHKDBG @

,G<MAHMHMEH=KBIOKKKHI>BEERM MEABKI2IGLAHNEEBG BBG ®N ;A> KM ;>: M
I"MM>EEBALKRHNES GMKERKABMHMEB GEAKH KM, )-1 EBHRHNKFINM>RB<>
*:G:@>K

$HM M APB G =M B MEB-KF P2 K& K : #AMME>> L M KIHE M K IGBH I G >EB MA>SKHP L> Y]
‘NMMHG :G= L>E><M MA> ?BKFP:K> ?BE> RHN =HPGEH:=>=

0>E MAP* |ITHKMKK>LI|MEARHM E RRHXHBD'GHPAB<A |HKWM>EXMMA>
I>0B<> *:G:@>K :G= EHHD BG MA> \-HKML , ¥ )-1 ] L><MBHG

EB¥MA>KH@KNMMHGBEE>F>LL:RKGCRG®ARM NKORBR2BKF PBK:H NWH>
>K:L>= :G= :LDBG@ RHN B? RHN :K> LNK> RHN P:GM MH IKH<>>= <EB<D ¢

&MBEED> >R ><HGIHK : IMA>> L MIKHY'B L MBIGE®: &£ H :M AG> P B K F PD& ot
disconnect the Maesto during the upgrade.

,G<MAPI @KBEHFIEMMWEBKFP2K@ K. EBEG=PIPEEHMA>>LMKBEBL<HGEHEM
RHNKFINNMGK® :BGBRMBEE:II>1IBM: L>?HKMABEGHK> >L MIKEN @B R HN K

<HFINMZAK>LMKIK M KIGBPBEHR G QWBNA > <NDA>B K F RQ K K LBBMFS >&KF : D & N KISABMI
GHP BG=B<:M>L MA> E:M>LM O>KLBHG H? MA> ?BKFP:K>

&? RHN KNG BGMH IKH;E>FL =N K Bon@ct ughBpiimka :pictu.dint/@ntéctF>H KER LIBL M : G <>
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5. Serial Interface
5.a. Serial Settings

1A >LMKIMAIER2 KRG KB GEM > KB KB M: IM A% : GRX E B GPAB <AE WIX>>L MMH> G =
GK><>BIDG BGO:KM>3 L>KBRRHESdction5.h 0><HGMER L MIKAH RL LMPGBKMNKB: E
IHKIME<HFINBBMKHG G>XBE8 =,G>H MA 3 HKBIK: E Bvw&ommand Port : G M APM BXKKEE > =
MA®PL port &@BG=HPHN:G>M>KMB&> IHKIWN F;>3KM A > HXMIE HH DBEBSHIX K F | NM > K
1>O0Bx%: @ &KBGNAHFF:G=HKAMB RE N : EEIRviItyACMO : G M AIXL ) - H KAMB R E N : ERIBY/
ttyACM1 1A>IGNF ;5K R >=BRP2KHGW NKFINM>IK GCIBB@F: GR>KB>B B>k M PA> G
R HINE NB@S! A>>L MKABR > < MBH 6:8 &% KBGEV > KR G>B @ MKVNBBIGE E B;® Serial Settings
M:; H? MA> *:>LMKH HGMKHE >GM>K

H Pololu Maestro Control Center E@g

File Device Edit Help

Connected to: [#[H]}I]}DBD v] Firmware version: 1.01 Emor code: (0000

| Status | Emars | Channel Settings | Serial Settings | Sequence | Script |

Seral mode:
™) USB Dual Port

(70 USE Chained
i) UART, fieed baud rate: 3600 =
@ UART, detect baud rate

[] Enable CRC
Device Number: 12 =

Mini 55C offset: |0

4k

Timeout {g); 0.00 =

[] Mever sleep lignore USE suspend)

[ Save Frame 0 ] Apply Settings

The Serial Settings tab in the Maestro Control Center.
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The Maestro can be configued to be in one of thee basic serial modes:

IKH@RABKS >GRIABFF:GHIKBBKK>E>OTGM .
1A%21)-HKMG>NLIMH>GRMBBIALSEBG TTL : HTXH—RX>
CGK><>HROMGIAS EBGA> NK: NRHN>M Port ‘T_V_I_@'._@
BRHNWK KFBCH® RA>IBI>G BIAEL) -HKM I | e

=>M>K MBAGN I : Mt MK > < >B&E>GRM>L | | _USBDualPart |
HG@5 :G25 1ABEE HPLN K F | NIM&HG MK E The USB Dual Port serial mode.

*>LMIGHEBFNEM:GItMNEEBZI5EBGLEL
@>G>K:E INKIHL> L>KB:E IHKM MA:M <:G <HFFNGB<:M> PBMA HMA>K MRI:

USB Dual Port: & ®1 ABH.=MA M FF:G-H kMG _HostPC Pololu USB device  Any serial device
;>N LoMH>GH F F: GWM A2 > L MIGHK > <> BRRmmee) || e ||
K>LIHGKPEEUA > NK: MHIN-BBHNKKFBG: Epgry | pmcmi"; |

| |

A

USB Chained: & ™ ABH.=MA H FF : G--H KB\L . Serial device using
N L SMHH MVAK : G LREBIMIGA ALS E B G4 > G = _ 1ostPC Pololu USB device Pololu protacel

<HFF:GWMA>>L MKA: > L MIKHL | H G Irghm——rg e (N
MM AHLFF:GRREEL>OMIAHFF: G=|  port | H ;mmain; |
|

-HK M@ HWALS E B GRM Kb < > Bi@# A 5
EBBBEE>GMAMNFF:GHKNRMBGHM | TTLPort %—4@
B G M>K1KSH/PF= GRMARM A > L M KA L{notused) e TX
N=K:MPHN>BIRHNMS KFBIGH B IRA> G maoda: USHE Chained |
HI>GRGAGBFF:GHIKMM>KMBGN K : M> :
NL>MK><>BCE>GRMBEB5 :G45 1A>
11)-HKBVG HWL >+ABAH=>EEH:PILBG @ E >
X THKHVOR H K F TN M B K G NFRUHE BB BELSM KHHL* © > L MiKGHH M A0 BM ABMO><HF I :MB: E>

IKHMH<HE

The USB Chained serial mode.

UART: & ®1 ABH=MA5:G#5 EBG>G>NL>= Haost PC Pololu USE device Microcontroller
MH>GsHFF:GMIMA®:>LMKBI=K><>B Q2 command | | |
K>LIHGKHBEMG R, R MK>><>B{35=PBEE Port prucusingj I

NL>%A>:N=K:MbPGL5 :G+5 <:G BM p>K|(not used) | RX—TX

‘NMH F: MB<MBERM A>> L MKA>G Q | e UART

‘R MBX > < > BI@S5 =H B &1 G>L >WIH? B Q0= N> L= -

LI><BBEBBMEH ><HGIE 1ABAH=>EEHPL The UART serial mode.

RHMKHG WKM+E L MKGE>GRMMHL>KB: E

IKH®@K:F HG MA> <HFINM>K NLBG® : FB<KH<HGMKHEE>K HK HMA>K 11) L>

1
|
L>GMMAHFF:GHKM VMRMbbL @MW HWA > | 3 I
HFF:GHKABEEB @ GHIKA>=1)-HKEBMGHM TTLPort | | | L@'——@
|
|
I

Other serial settings:

Enable CRC: & R A><IVA>>| MKBIEEIJNBIKR<EKB=NG=<GXRD ;RMM ASGH2O>KRKB:E
<HFF:G= >Q<>IM MA> *BGBSéction8dFF:G= L>>

DeviceNumber: 1 A BBIM A=> O BSINF ;> K MABM L MH=KMABIOBGHEHEKNMKKHHRE:G=L
1ABL L>MMBG@ BL NL>?NE PA>G NLBG@ MA> *:>LMKH P B8ekti¢h.4>K =>0B<:

Mini SSCoffset: 1ABIK: F>M>W>KPRBERKONF; MAE>OPBKELI VBB ABGHB) IKHMH<HE
L >Section 5.e

Timeout: 1ABLK: F>MPKBWB=SNK : MBMHHEKAB <Ferialtimeout > K KRFBREBE < N KBLIK KH >N L > =
(Lo L:?>AVPRL NNKBIG L MKARM N KK OGI£EB @QBNMER MEDMMA=BR: NEMAAEL G>NDAK?MP 1 K>
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L > G =BHEKF : QAL A >> L MLIKVHHPIH K D B & #> K BEF >SHKNEWMBKE E <NAC> G >CGO® KEIB=KBHE F: G =L
HKEN:EB?RBIE® ><HFF: G =K ><>BPBMNRG| ><B MBFF=IttKEB HMB F >t KR 2
=BL:;MAL KA BE >HNIWAKK >LHENMABIG F>BEK L:GMA>QBFROFEN>BEBIIE> L

1A MBRBO><HFF:GFAINM:EBRRK>IMN@?>H E E HPBVGAM® EILA2. < E : kelTarget  setSpeed
setAcceleration setPwm disablePWM : G gearErrors /NG G B/@>L M KH M KKEBPEKEEIM > O MG M
L>KB:E MBF>HNM >KKHK ?KHF>H/KH<R&KBASXD0 MINWINIL>MN BIEKAQABMRBG@ : L>JIN>|

Never sleep(ignore USB suspend): R=>7?:NEAW>L MIKK P <> P BHERM HE >>d+ MHHEB MIL>K: MBHGL
P A>G>BEOveHV SMABIRIH G EHRP>KR20 GH&ALNIIERMAMMZO A:[>GMMWNANLI>@CW: M >
%HP>OMKBL ;>A:OBHK <:G ;> =BMeyd sleekRA xAD DB G@ MA>

5.b.TTL Serial

1A3: >LMHKEKB>E >BRG5 <:E><>ROPA>CGHGGCGMNEH@B< BHDZ2B HK11)] GHG
B G O>KMBBE GAER Mt G/NM A>>L MKE@5 <:G><HFF:GMM A>>L MKKG: K ; BMIKMIKR : F
H2Z: M AMME>> L MIKIHL HLBA H<HFINOIBMKA20D |HKHM|1>G BB AB K AKBHEM A>> L MEKBIG
Section5.a 1A> OHEM:@> HG MA> /5 IBG IGAHNEHBNEHENMGCGEB M »XEHP =

1A% >LMKH O E+>@ B < BSH3 >SLE KIBNEVHIBGNU 2 KB KEGEBBR 1 A >R ME>XGRM A >> L MHKG]
15<:G>K>LIHGIEHIF F: QFAKM I NB-G MH K it KB K;B MIKMKBH:F: MM AMM >> L MBKKI><>BOBG @
?KHKHFINGBWAZO IHKE+: LLB@>1>GC +B@ AB @ AKBHE M A>>L MEKBIG R HNK >N\ »
BGM>K>LM>= BG K><>BOBG@ 11) L>KB:E ;RM>L ?KHF MA> *:>LMKH RHN <:

1A+ >KB @MV >Ra&synchonous F >: G BNGAAMES> G = BKK > <> B OSEG = > | > G ¥BAMAERK BB M L
LRG<AKHGHNKBLE:BE:LE>K=PFK=NE>HB2=F 1IL][HGE:GRB<KH<HGMRBEBXKIGHNL
L>KB:E HNMINM <:G :ELH ;> \;BM ;:G@>=] ;R : LM:G=:K= =B@BM:E HNMINM [

1A=:WHKBIM :MBMIGEMHEMBIGMH: KBRMRBBA? MXGK>LIB-N=1 1A=B:@KSEHPIB<ML
MRIB<:E :LRG<AKHGHNL GHG BGO>KM>= 11) L>KB:E ;RM>

LSB MSB
e 10011010

ov LI UL

7 N o o
start bit stop bit

Diagram of a non-inverted TTL serial byte.

GHG BGDP)KMKBBE X =>7?: NEHVG <IMBMEBRB@ MK:GLEBMM@®PEBGMIAB GEHRE=M: KM

i BMHEEHRMABMIMARME>:LM LB @BAVB)? B>B IGIN® BKGEK MK : GLEBAMBV@GA :G=
EHOB=xKHKIMK: GLEBBHP>3= PABBRARABHLK BK>?>KKASEHG BGQ>KHE 2R ML
M>KFB®R:NM>MBMIABBM ABQ@HBGB@AKE > HEBMBF><:N:E><AARM>INBIKMIBM
=:-MBMG=LMHBM:<ARM>:D>1.BMBR%MK : G LFB A?> L M HLLM B=:BVK : B%R MI>LK > < HBd =
MA>NK: MBOBRM=>0GIMA>>L MIKEHQ B F N:IN K : M2 BMAK><HMBA>QBFNKBF:EBS:;E>
=:M: K:M> PBMA : LM:KM ;BM <HFBG@ BIF E¥+B: VBN RB:I?M>K NRMK 3 = K=IBGE
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AA>GCG>0HKEG>=NMBBK>E>F MRB WbA® K H NVEH=@ >: I3 A>3 WKAS VK A> O B>
IKHI>KBER K2G IHP>K>GBXBMAL)L > KBt EM® NKG K: KMBHBER P BB > K
?KHWA>> KBBEPABEA: GMA>K) MKKEN LMM : DB 6>1GN K GHBBE@2. GH GIK>L > M
MA> =>0B<>L

5.c.Command Protocols
6HN <:G <HGMKHE MA> *:>LMKH ;R BLLNBG@ L>KB:E <HFF:G=L

&RHMNKLMHEKBHEBL2 /1 =>M>&M:MRHRNLNB KEMBMA>NK: BS =B <;:RMBAGCH G
MAS EBG2HIKSGC=BR@ FF:GFA>Q ;:NXK: MBS =B<RMBHGMABKRM*?-HEHENMH<HE
<HFF:G=

1A% >L MUKCHKBHEF: GkkHM BB EBVBMRHI M ABMEHEN=N {\FfIE N G B <B MkBABBG, R =G =B G @
<HFF:G=D>NLG L BH MBBGAHFF : GRVWHEE HR. SR . MRMMA<MFF:®=JIJNBHKPFE:G=
;RM>EP: RLOMA FBIKIMB @ G B; BBk 4 MZ HKQ Z QB8 >@ABEMRMEP:RLOMA>BK
FHUNB @ GBBBMEGSMZ= HKQ Z QBB>QABL:GMA>*MA:MRM>G GHK:GLFONMIML
HBG?HKFINBEEQR<>IMBABMABGCHE) <HFF:®PA>KNA>MRM<I1A:O6R  ERKHMH

1A> *:>LMKH K>LIHG=L MH MAK>> LN; IKHMH<HEL

Compact Protocol

IABIMABFIEGEHKSHFI KR ASPIKHMHBEMMA K HM REBAH MEBR H N:K L MBKMIAPG ER
=>0B<> <HGG><M>= MH RHNK L>KB:E EBG> 1A> *:>LMKH <HFI:<M IKHMH<H

command byte (with MSB set), any necessary data bytes

#HK >Q:FIE> B? P> P@>NW MR L>KOMWA>MHK XL P> <HNE= L>G= MA> ?HEE

B G Ax83, 0x00, 0x70, Ox2E
BG =><IBXF 0F12, 46

1A>RM® BMA>MK <M FF:GQEA>BKLMRM® BMA>KGONF;>&MAE IMPH MRM>L
<HGM:B@MM>BKA:KXGCBMB<KHUN<SKIE=K

Pololu Protocol

1IABKHMBKHEI: MBBE#A > KB<HM N & B 2H NHKKM A >K B HB:KGKE > K OHHG M K H.H_ BN><IRIH N
<:G:BLR <A:BIGMHKGIL B G I@>KB BEEH 8 B0M AHKM A > K BHE M K B BEERNEBEMB:HG VMEK H L
:GNLBNGAGKIHMH. <IBEH FF: A4 b <B? BIMEER B > £ MKBIM A<HHNGV? NML AH&/1@: > IO BH@ILA >
EBG>

IHNLMAHEHENMHHMK:GLEBM BG><BEIMA>BKLMFF:GRM>HEEHR>>0B<>
+NF;>>KMRMPA=>?2:NEOB«NF; SXIMA>>LMEKIE NMABL<HG?B @ NK : M:BRIBK: G
<A:G@R  >LMKM AABBAHE>SOBNF BKM<AMAS><B2BOBNF [ ><k<>INKHF F: G1A: M
?HEE+HEHHMABE HE BE@IGMAAH FF . AAK>F:BGBIGEEN AHFF : G:<D >KWM A F>LM A >
<HFI:KWHMKHIRE: G:xDRMRHNE=GERBMAD>RR2K>GI¥sHFI:KKWHMKEHIRE : GRMBL
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GHP=:-MRMHKAHFF:GX> :GA>Qauusthaveits mostsignificant bit cleared 1 A>K> MNP FF: G =
l:<D>M BL

O0xAA, device number byte, command bytevith MSB cleared, any necessary data bytes

#HXQ:FIBP>P: GNH>MAKP@CHM > K OMH X 1?2 H:K : > L MKBIM AO BINSF ; > KP >< H NIE=GVFA >
?HEEHPBG@ ;RM> L>JN>G<>

B G AxA3, 0x0C, 0x04, 0x00, 0x70, OX2E
BG =><BF 1E 4, 0,12, 46

+HM> MA:M Q BL MA> <HFF:G= Q PBMA BML FHLM LB@GB?B<:GM ;BM <I

Mini SSC Protocol

1IA3:>LMEHK>LIHBHAKHMMNEHEMAB GB) L>KOHG M KIIMBEKHM HEKEHHEPHM HH G MK HE
NIMH =B?KEtSHORKIA : B GFBNE@IB ESHHG M KM HE @ >8MRKGRKRDM A K > K BR MM H>NAPGGK> M
HMGE>>KOMW AIKIHM B @HERHGI>MH>G=GRHFF:=LB=EIARBGHE) IKHMBNIMK:GLFBM
Q## BG><BELMA>BKLMFF:GRMZ>HEEHR:>=KGOGNF ; ?RKM:G M A ¥M@A >, BIM> KK @> M
;RM> 1A>K>?HK> MA> <HFF:G= |:<D>M BL

OxFF, servo number byte, servo target byte

#HXQ:FIBP>P: G M\E>NAKGCHMN > K OMIB M4 H G ? B @GIKN \EkK: B MPB-HIGNIE=QFAHEEHPBG @
RM> L>IN>G<>

B G AxHB, 0x00, Ox7F
BG =><LBY 0127

1A> *:>LMKH <:G ;> <HG?B@NK>= MH K>LIHG= MH :GR <HGMB@NHNL ;EH<D

1A% >L MK+ GNBABEHEN:<MNs=2BGB 08 HMHKMEERHNG HOWMNL>HG?B@NK:MBE
I:K:F>M>K MH B=>GMB?R PAB<A IKHMH<HE RHN :K> NLBG@ :G= RHN <:G ?|

5.d. Cyclic Redundancy Check (CRC) Eror Detection

#HK> KMEIE® < : MBHKG IVRBG @>HIRKBMR HIN B> G =B3K@ <>BOB80@ BRIHK M>G:M L >
HMABIX>>LMACH | MBHGBER <EB=N G =</A<FRDBAB® A B F BMEHKA > < D LINNMH KGH ; N LBW
<:G =>M><M >KKHKE>MMM PANEIDLSEHMLN<A L :G >QMK: S>KH ;RM> HK ;RM>

R<EB<=NG=<EB<RBGAG:;ER=<A><IMBA@:.;EF] <A><DBBIQS6>KB>HK M RMGHIRLA >
*S>SLMKBMKRIBGMPIIEB<: IBHG H=MA>>L MKH ><GIQ MRMAH: ==>HGMEBEGH20>KR
<HFF:G=xD>M)<3*BMGMB) <HFF:G=xD>MA¥*HLM LB @ GHEMNMNIRBIMN LM<E>:K&=MA>

L>OBS:LM LB @BOBYPBMVAKMBM ?HWKALMDXMABL ; RMB G <H KKa>=<>M MKBE 2WA >

Serial CRCerror ; BBIGI AK KKK BG B @KGMHAAH FF: AA 3: >LVMAHKHRdt : 11>G=/ ;RMBPM A= M:

BM MK:GLFBML BG K>LIHGL> MH L>KB:E <HFF:G=L

=>M:BESHMAMRR<EB=NG <GX<KRIPBHK@IL>RHBA<HHMABH<NF>MGRHN: @BG =
: P>:EMB G ?HK RN MBEK®edia [http://en.wikipedia.org/wiki/ Cyclic_redundancy_check] 1A>/ <HFINM BWBHG
;' LB<:KERKREHEGBOBHBHG\IHERGHF®: BIGRHRKLL: @Q | K>1ll xH G M BIGNNKIN E
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H?BMPRA>KEEHN: K>HNM AS> F: B GAK> L MXIH> L PABEA:GENL>G ;BIMERGHFB:E
:G=L K>LNEHEN<>BWF:BAABKLF:BBMMHRHP>BMBMAL ; RMHM: DG MBGH ?
RHNK <HFF:G= l:<D>ML

1A>/ BFIE>F>@GA>L MKM A F > LM ABGE GV Arke [http://www .pololu.com/catalog/
product/1392] : G gik [http://www .pololu.com/catalogproduct/1110] F H MEHG M K N E B2k IK HWF A H\NG
M A ReX [http://iwww .pololu.com/catalogproduct/777] F H MHHKG M KSHELEVMR>=B G @G S5 ? B KM.A>
<HFINM BUBKGHKP>=2B KK MIMARK=B& AB #MA;BMKMK: G LFBOMMA:=
L>KBBERE&EM:G=sBIG=GRM: WMBEHEGF ; >X BPKBMIM>G % H P > OPAB MK >

MK : G L FBBEABK= > K L HP >P B E K BB\ ME:KKRWASHFINM:MBHG
y>EHP
1A> |/ "E@HKBMAF BL :L ?PHEEHPL

"QIK>RHNKBM IHERGHBEEELL . BGBG: KR ?BKUIAMVHER G 0B BEP KB MIM > G
10001001

== S>KHL MH MA> >G= H? RHNK F>LL:@>

4 KBREN/K  ITHERGHF®B=EK GIAEMAL  IlaH AMM® H R HNKE R G HBREEB K > <NEEHR
MA> )0 H? RHNK F>LL:@>

&MAS® HRHNK BLEB@NG=>K5,/ MAF PBMA>LL D@ >B>F>LL: @MA>
)OO H? RHNK / BL :EB@G>= NG=>K : =H GHMABG @

OABRHNK KBEGSMBM?2PEEBMMRHNK |IHERGHMVMBEENG=>KG6>LMA® MAH
<D MH LM>I

AAVME>RRHRKLLEEB>HRHNK K>LNVBMGMABMOSBHMIRHNK ;RMPA>NEEDBG @
MH MA> *:>LMKH PBMA | >G:;E>=

&RHAN: OG> O>K<HNGMEK>2ZHKAIKIH ; : ;IEHRN GE HFM k<H F | E B M:AB&4> . BEIRA?P HEEHPB G @
>Q: FIEAH MIAVM £ <!:EXNEBMBWGRBRB<HEMAXQ:FIP>PBEE>MPH ;IR-MN >@83>
0x01

Steps 1 & 2 (write as binary, least significant bit first, add 7 zeros to the end of the message):

CRC-7 Polynomial =[1000100 1]
message =[11000001][10000000]0000000

Steps 3, 4, &5:
10001001)11000001100000000000000
XOR100010O0L || [IIITITITIT]
--------------- LT
_ 10010001 [ [{T[ITFITITI
shift ---->1000100 1 [[[I[ITII1]]]
AR
11000000 {[[I1]IT
10001001”|WHMWMIH
100100101 I[N
10001001'””WﬁWhIH
11011000/(]|][]|]]]
100010012 ||]|]]]
LTI
101000210]]||]|]]
10001001]|]|]]]
[T
10101100]|]]|
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01001 I
10010 |
10001 |||
T110100=0x17
OH MA> ?NEE <HFF:G= 1:<D>M P> PHNG®S83,0x0%,HOxPBMA | >G:;E>= BL

5.e.Serial Servo Commands

1A3:>LMAKCH > O K EBHE F : GHIKS M MBWB@HWVR <A: G @ EVMBPBSIGK HGBIMBE GM B BIG @
LI>>= :G= :<<>E>K:MBHG EBFBML

Set Target (Pololu/Compact piotocol)

HFI1:<M |K x84 ehldrihel numbertarget low bits, target high bits
-HEHEN | RtAM HevideEnumber 0x04, channel numbertarget low bits, target high bits

1AEHP>IBMIMARABKM R MC> | K> | BNEMMH M AVM@K>M AH P > K8 MP. A BM AEH P > 8 MIM A >
?HNKMA =:M: ;RM> K>IK>L@EM ;EWWBKH HGHRAGCKHM@KMBO> BGM>@ >K

&MAA: G BxH G?B @LN K> K O MM @K | K> LM @NIE PB =M MK : G BREB&BIVIIN : KM > K
FB<KHL><H@®@&=WM OMEK> H? M>EEL MA> *:>LMKH MH LMHI L>G=BG@ INEL>L

&MACA:GBEHG?B ANKB@BNIMEN HNE>IMIA: G M >NEEA>> L M\K#HK BMOAB BB P ABE>E N > L
H? HK @K>:M>K M>EE MA> *:>LMKH MH =KBO> MA> EBG> AB@A

#HKQ :FIBRXA:GGCBKHG?B@NK>KOGHHRHR:GMH>BML@GX>MH XL _
BG ;BG:KR RHN <HNE= L>G= MA> ?HEEHPBG@ ;RM> L>IJN>G<>

BG ;BG:KR

BG A>Q Q Q Q Q"
BG =><BF:E

%>BEHF>Q:FIE<HMAPRBE G >NKAMPK K> KR E @B OGBEG M <@ >G OHRAMBEEAA GG >E
GNF;>BBGM SNEEKKMAAM EM4 A=> L BM @S BIS G BIM N : KMB- KK H L >SBHARBLL > KOAL GGG E
G :KK:R <:EE>= L>KB:E RM>L

serialBytes[0] = 0x84; // Command byte: Set Target.

serialBytes[1] = channel; // First data byte holds channel number.

serialBytes[2] = target & Ox7F; // Second byte holds the lower 7 bits of target.
serialBytes[3] = (target >> 7) & Ox7F; // Third data byte holds the bits 7-13 of target.

**GR>KOMG MIKHE< : MBBIHEN> XN KIMBKKHLM@GSKRVELHE SRBRNGS M. AHKMEK P >K
K>LHENMBHG L>M H? <HF @& SMLRMHINK<LEM\MLBEGMOA M ABGMB: K0 <HFF:G= ;>EHP

Set Target (Mini SSC protocol)
*BGB 00 |KGxMHkRahEel addess, 8-bit target

IAKIHFF: G=MIAGCHW <A: GG HD :ENP><B?B 6= ; BM@OMERKHAMH 1A> ; BW@>M
O:EREHGONMHPNE E K >také DVMBNSS H K vVBNMGAange : G reutral L > M MBVCHBIBAA>>L MK H
?HMA<M: G @+E<B?B G EBRIGCHY <HKK>LVHMEASE N M KIVEZA BNEAR W : G GAB ER-K
<HKK>IMN®G>NMKVIVBG ®KE NVLAS: G @>M MIB\G @> M VkB GENLL > ?2MK: EB ; K FMIBIB@& G
PBMAHNM <A:G@BG@ MA> IKH@K:F L>G=BG@ L>KB:E <HFF:G=L
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IAXA:GGC>KBLIOER®IAS G @> R=>7?:NEAIA : G G>=EK BIELI NMEM A<A 1 G G NEE ; 2K
BMAHNEKHMH 1IH:EERREMBPEMKIH<HGMKHEA>E® >KBBE>NMABGH ,??L>M
[TK:F>MHER? KOGMNHK <A >LMKA3*B GEO ,??L BM==>MM AA : G GNE ; MK H F | NM/A>>
<HKKAS@B G=K MINLPB MIABHF F: GHKQ :FIE®B <KH L MKHA : GIG>HKEOHHG M IRIB MES &G B
00 ,?2L>M H? PBEE H;>R *BGB 00 <HFF:G=L PAHL> :==K>LL BL PBMABG

Set Multiple Targets (Mini Maestro 12, 18, and 24 only)

HFI:<dKHM BX®F mumber of targets, first channelnumber, first target low bits, first target high bits, second
target low bits, second target high bits, E
-HE HE N M I8%AA Elevicenumber, 0x1F, number of targets, first channelnumber, first target low bits, first
target high bits, second target low bits, second target high bits, E

1ABKIHFF:GBFNEM: G > MMWHER MHK<HGMB;@ NHXIA: GCGCPARLBKRM3><BABFLGR
<A:GGKEDB AHGMB;@ N HDABM /AN F ; B R @GCOME NRSHRB E B MH>GIFAE><HB M *><B?B>L
MAHP=xAMGGNE ;BBIAEHIMRAEN,;L>JINPNEN G N BKGXCOVE NP HEIK <A AA: G CGBEK=>K

T RKA:GGNE ; BIMIASF2HKELMA> M@ <M FF:GHO#HKQ :FIMH>A:GGMHE H?:G=
<A:GG>E MH G>NMK:E RHN PHNE= L>G= MA> ?HEEHPBG@ ;RM>L

Q # Q Q Q Q Q Q"

IAN>KMNEMBIE>>NHFF:GEEHFPBR@A INPMPRHNKSLMRAB8A LI><BNEE®RNE G
<HGMKHEEBG @, MR >KBIBKA:BGHE?B@ HKKQOBH G BGAHEHENMHMHED ;IL
L>G=RAOBSWEMRI@>VHFF: G=RIHN>MAMOX>ML L>KBIBLFLPABIE>G=BB@®=BOB=N:E
0>MK@>M <HFF:G=L PHRNIE= M:D>

Set Speed

HFI1:<M | K I8H ehdrtael numberspeed low bits, speed high bits
-HEHEN | AN Hevideenumber 0x07, channel numberspeed low bits, speed high bits

1ABKIHFF:G8FE Kieed: P AB <IA>KOAL G GHEMONEINA: G @Al | > >EB FBA®IB B60G BN L

cL FL >Q<3BI® ><B:E>L>Sectionde #HKQ: FIBMASHFF:GE Q Q Q L>ML
MAS>>H2>KOM GGMEO ENS PAB<AKK>LMHEf:>? cLFL4A: M ABL:GEMA: M
BRHIN>G9>MHKD <M F F: G+ C MLAMP@SMHIE:R cLMH CcLBRIBEED> FLMA:DMA:M
:=CNLMFLIGME? F: D>MA %> NG E B ALBM AL=MM W BeGy@ P BB EF > =B : ¥ > ElFposition +H M >
MAMM =M N 1E>M ABRA NKKBHIO BLE LEB F B RM A=> L BHAGL> KBMLM AN | | DRIEM G@ >
F><A:GB<:E EH:=L MABL I:K:F>M>K PBEE GHM A>El RHNK L>KOH @H ?:LM>

M MA> FBGBFNF LI>>= L>MMBG@ H? MA> L>KOH HINMINM M:D>L L><HG
1A> LI>>= L>MMBGE® AG GHGGE>EL <HG?B@NK>= :L BGINML HK =B@BM:E HI

Set Acceleration

HFI1:<M |K 8% ehldrihel numberacceleration low bits, acceleration high bits
-HEHEN | AN Hevideenumber 0x09, channel numberacceleration low bits, acceleration high bits

1ABIHFF: @B FHB MdcelerationH? L>KOAL: GGHEMINM<<>E>KEBRMMBHB:ERKHAMH BG
NGBIML cL FL FL>Q<BI®M><B:E>LSectionde O:EN2<HKK>LVMHEG=k>E>K:MBHG
EBFEM<<>E>KEBRBBMLMAA>>H? L>KEMHEHKERNINGBRIE: <A QBFNF>>MA>G
MHK:FEHP@ :Bl@osition : | | KH : <tArgdt K>L N BNGEG &: MIBFEOHHEWRAM BHKEFGIPHB R MG HM A > K
4BMA<>E>KGABHEBFBIBGER> R XELtMMMEE& @JIN MBS MNK:E EHMBAAPEBI N E =
HMA>KPBL> ;> JNBM> <HFIEB<:M>= MH IKH=N<>
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MM ABB GBENE > E > KSWBMIEBSGV@ > KB NMVN DI H N ML > < H G HIH O>F H H M KERM @XCHWP
FL MH@ W RHL?

1A> !<<>E>K:MBHG 2><MWBG @AM AGGHL>2HG?B@NK>= :L BGINML HK =B@BM:|

Set PWM (Mini Maestro 12, 18, and 24 only)

HFI1:<M |KIXA] ertHibhe low bits, on time high bits, period low bits, period high bits
-HEHEN | AN HevideEnumber Ox0A, on time low bits, on time high bits, period low bits, period high bits

IAKKIHFF:G=MIAA* HNMWVNMVAS ><BPBABFG+>KBB@® GBIML cLIAHGBIBFG+>KBH-=
KPHMA <HRBM M MIKRMGIA>FP:RLMASP@EKXBBHFF:GE ;HO#HRKHKBG?HKMHG BHG
-4* L>Bection4a 1A> -4* HNMINM BL GHM :0:BE:;E> HG MA> *B<KH *:>LMKH

Get Position

HFI:<M | K xXaM shidribel number
-HEHEN | AN HevideEnumber 0x10, channel number
/[>LIHGL> IHLBMBHG EHP :BML IHLBMBHG AB@A :BML

1ABKIHFF:GEE HWPA> O BH¥F FN G B P BIWRE® L MNKEB MVposition O:EN2<A:GAABHLBMBHG
BL L>GM :L : MPH ;RM> K>LIHGL> BFF>=B:M>ER :?M>K MA> <HFF:G= BL K>«<

&MAX><B2B>G6BEHG?B AQNKKOMAIBIL B NDBEK>1 K > IM-ASNKKNXEG RIB =MAVM>>LMKH
BMK:GLFIB GG @E>E E >M MB SE/PIG RK > O BHHYIF : GlFI> > 6 =s<<>E > KE:BMBBHIK KB IM L
KNGGBG@ HG MA> *:>LMKH

EMAA:GBEHG? B @QNIK@BNMENHL B OBEE>MIA: G F>: GULA>> L MEKEK B OBBSHRIEH P
PABE> : IHLBMBHG O:EN> H? HK @K>:M>K F>:GL MA> *:>LMKH BL =KBOE

EMASCA:GBEH G ?B @NGBGI MM H L B KB HKG> Lk ABDMI E NF >@ >N KIX34 A<A : G QAR G | MHNBL
<A:GG2EIK>G . EN@OBEN>G@ACHMH K>IK>L>C3HMEBBI@HM H3 1ABGINMMBIA:GG>EL
Z K> =B@BM:E MA>BK O:EN>L :K> >BMA>K >Q:<MER HK >Q:<MER

+ H MVPAMM?>H K F : MHVAMBAGHA). B \BEYHABHLF F : G 822 R K HWFAM @CENV> > = < > E > K2:WIKBFHH GBNEBAG>@
HMAHKEF: GEBRGM A BKGHK >L M KIB@MWWBSBI@EAMAHLBBMBHGF: MMM :GEBMMEMPHE=B: G
i RM> NGLB@ GHHKB-EMBE@E>K : IHLBMBHG H? <HKK>LIHG=L MH : K>LIHGL>

+HMPAVMMI H L B DBEKE>M NKRGIABHFF: G INMEPIH I MKB AGACSN F ;= BLIEBRBEAH LB MB® G
BG MA> OM:MNL M:; H? MA> *:>LMKH HGMKHE >GM=>K

Get Moving State

HFEI: <M IKIOMH<HE
-HEHEN | R¥AN HevideEnumber 0x13
/[>LIHGL> Q B? GH L>KOHL :K> FHOBG @ Q B? L>KOHL :K> FHOBG @

IABKIHFF: BH L3H>M>KIFBSMM ALK KB NM IN: QK> : < APANMBAK>NKK 2 M 8 A& E @BBHB M > =
s RLI>>HK< <> E > KLSMWBHEEB@IA@BH.F F : G1-H @ PNBABK> M@ <M FF: GHN. B GBMBOMK: E
L>KOH FHO>F>GML :G= P:BM ?HK :EE MA> FHO>F>GML MH ?BGBLA ;>?HK> |
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Get Errors

HFI: <M IKIDMH<HE
-HEHEN | R¥AN HevideEnumber 0x21
/>LIHGL> >KKHK ;BML >KKHK ;BML

2L MASBHF F: GI$HQ : F BVGAK KM KM >> L MACHE > M > Sédtiond.b E B MMUX > < BKBKM KL MG >

=>M> £RM-A>> L M KA> K KKK BLM S M P H S IRIM S HESHP> =B :MMERSHFF . BK><>BO>=
MA>EM AXKKBKK<E> : WHKHLMEB<: MB BIGRBHE MBBHE® HB=MEHA>=xRKHKGMBGNHNLE
:G= M:D> ! IIKHIKB:M> :<MBHG B? >KKHKL H<<NK

Go Home

HFI: <M IKIMH<HE
-HEHEN | RAAN HevideEnumber 0x22

IAKIHFF:G=GHE>KOGEHNM IMMA ABIKIPH LB ME NIEM ?G> K KAt KH < <N KidPK=> KOBE £
HNMINML L>M MH \&@GHK>] MA> IHLBMBHG PBEE ;> NG<A:G@>=

Note: # HK> K G HHLD »,2? |BRHNQ > <:\ebtParget <HFF: B £ F>=B :MIM®Riome BM
PBEIE>: KI AMMI>>KBIEHHM >R B GX@: 6 =<<>E > KEBMBBIBL <ML HHGM A> KBIH
MN KIE2ZMA>>L MKIG P : RH D GHPBAXRBIL HBMB B EF > = B FWXORMRG & > B @> M
ON;L>INx>MW MHKFF:G=L PBEE ?NG<MBHG GHKF:EER

5.f. Serial Script Commands

1A> *:>LMKH A:L L>0O>K:E L>KB:E <HFF:G=L ?HK <HGMKHEEBG®@ MA> >Q><N

Stop Script

HFI: <M IKIXMH<HE
-HEHEN | R¥AN HevideEnumber 0x24

1ABL <HFF:G= <:NL>L MA> L<KBIM MH LMHI B? BM BL <NKK>GMER KNGGBG

Restart Script at Subroutine

HFI:<M | K®MH subutine number
-HEHEN | AN HevideEnumber 0x27, subputine number

IABRHFF.GM KM KRBRNG GEBE@<: MBHG ?AVGAN ; KH CWBEGHE NF >IN, KHNMB G >L
GNF;>B&APK=MK>R=>?BB&®H NK KRB INV: K FMBIE& ZHM A>>B K NMK H NIMAB?@BK NVK H NBM B G >
L>GIMQ ?HNABHFF:OFA><HG®) >ME?BGIFSNF;2KHK:KMB<NEKK NNEBGMDSB > P
HFIBEH=>Y;JNMMGEHHIM AEB;I>NE HPN ; KH N MB-GABIRL AHNHESMG BB WAY>12/+

<HFF:A-BGMA>BIGHE: <MK >MMKGB G L MW A= R HNE-G M3 G GBEHBHHE GRBMA24& 1
<HFF:G=

Restart Script at Subroutine with Parameter
HFIl:<M |K A8 sudrdutine number, parameter low bits, parameter high bits
-HEHEN | R¥AM HevideEnumber 0x28, subpbutine number, parameter low bits, parameter high bits

IABRIHFF. GBENEBRMA>L MOKKIBNOW ; KHNMEG >GO < BIBH : =L K: F>M&KM AM . <SDP HK >
LM:KMBG@ MA> LN;KHNMBG> 0BG<> =:M: ;RM>L <:G HGER <HGM:BG ;BML
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Get Script Status

HFI: <M IKIMHE <HE
-HEHEN | R¥AN HevideEnumber Ox2E
/[>LIHGL> Q B? MA> L<KBIM BL KNGGBG@ Q B? MA> L<KBIM BL LMHII>

IABIHFF:®=LIHBBEMAB G @®BM>BMARK MBG=BRAMNMMAK KBKMNGGBEBMHII>=
2LBGI@BHFF:GIH @ PBAMHFF: GFHORHN: GE<MB OLMPN >IGKEH @4A>> L MIIGHP : B M
NGMBE MA> L>JN>G<> BL <HFIE>M> ;>?HK> FHOBG@ HG MH MA> G>QM LM>

5.g.Daisy Chaining

1ABRLE < MBE KON BHBNG M > @WKA B GIEBHH K H CMAAME N E MBL H > KB> D BWANM><HFI:MB; E>
| KHM HL«aHBE> < MBHHEOMGBGEXB G ?HK F; M RN@>> L M KBEH ‘M AB-G ? H K B RIBE< MB 16 6S
=>=N @XKHW A=>> ? B G BIMVBAMR\IK>XK B HE= >Section5.a : G-MA> KBKHMHXIBERM A>>L MKH
Section 5.c

#BKHNERHRBEBE MHE><BP-A>MMARKMAHEHENMHAKAEGHB) |IKHMHKHEB @ 2H MGH N
FNLAMD & N KCAGM. > KBHE F: RHIN>GB EBN INSG B G MR IGK> MBM &> O BBRIULGHM=K>LL>=
MBERHRN:GMWH:BEKR: BRSO >K>E M KIHL@ >RvH¥: @ L>FB Q MVH\PKIM KHM H&E R EIR: GMH: BLR
<A:BI&E>>L MKBMM A>I0 BMANMM AHEHENMHRHMEG LMAHEHENM KRRHRN: GNWIE: BLR
<A:BG MA> *:>LMKH PBMA HMA>K =>0B<>L MA:M NL> MA> *BGB 00 IKHMH<

0><HGLERQ@QCA>OBSGPAKHC=EMK=S0BNF ;HKBGB) H?LEMI AMM=2RG>BG=BOB=N:EE|
==K>LRRHANKKBHEF: GEHKM A>> L MMABIG>=H @8 A>KB>MMBG@E>>LMKIKEMKHE
>GM>K IIEB<:MBHG

IARXHEEHPB@A AHRHMKHHGGEHGR: LM>KF:GR E: &> 0 BMHL@ >BVGAMHA : B'G< A
H?MA=>>0BE>R;>: *:>LMKKGRIMA=>XOBkMN<A : jrk [http://imww pololu.com/catalogproduct/1392]
qik [http://www .pololu.com/catalog/poduct/1110] HK HMA>K FB<KH<HGMKHEE>K

Palalu USB device Serial devices using
or microcontroller Pololu protocol

@L '

|
Daisy chaining serial devices using the Pololu
protocol. An optional AND gate is used to join
multiple TX lines.

1A*BGB>LMKH :G= A:O0O>LI><BEI&MEXIN MA>EBFBEAB>EHIGCGQM>KG:@: M >
MA> +! @:M> BL ;NBEM BG&:DH MAA:BG IHPKHIRIB <BGINMBGE@GEA><M MA>F EB

FPololu USB device Serial devices using
or microcontroller Fololu protocol

TX———RX> —+RX> |
R TN <IN

Daisy chaining serial devices that have a TXIN input.

5. Serial Interface Page 43 of 67


http://www.pololu.com/catalog/product/1392
http://www.pololu.com/catalog/product/1110

Pololu Maestro Servo Controller User's Guide © 2001D201 Pololu Corporation

Using a PC and a Maesip together as the master device

1AZ2:>LMKIEG:,EP> KLHGTEINMBEM AE L M=>XO BI<A3 . > L MKNHLM<HG G >M N> BMA

20 <:;E®=<HG?B ® NB3B MJSB Rual Port HKSB Chained L>KBHE&@0 IN:EHKNH=MA>
HFF:GHKMMA> BNL>HIK>G=8BI6FkF : GBK>MMER>LMKGHM AL )-HKHMBI A> BNL>=
MH>GHFF:QAHEHEMACE :©>0B&BAHD A BGPH=HGHERHFF:GHKWLHMA> MH
<HFFNGB8MWX>>LMIGHEEMAE:©>0B&>E MAH =M ABEH L<NH G O > GHRRHINMKEB<: MBHG
HK >:LB>LM MH BFIE>F>GM BG RHNK IKH@K:FFBG@ E:G@N: @ >

Using a Maesto as a slave device

1A >LMKIB<M.: LE:©>0PA>CHG ?B @ NPBBFAART L>KBHE&Z ®IABH=xXxHFF:GXlE
K><>BI@4AS EBGGK>LIHGKELXGIBIABEBG20 <HGG>NMMWB HA5 HVW J N BWKAHE N@&@ A
/5 HGER HF:G= -HKM BL :0:BE:;E> HG MA> - ?HK =>;N@@BG@ HK HMA>K |

Connections

HGGMANGEBRB™MA=LM=>XO BIMMAS EBGPEEMAE:©>0B<PREF: G EbBGRMA> L MPKE E
MA>G ;> K><>BO>= ;R :EE LE:O>L

/[><>BABGRrEIHGKPHGEHMAE:©6>0BHAIA> <:G>:<AB>®R=xH GG >NMBEBBMA: M
LE:O> =>0B<> MH MA> /5 EBG> H? MA> *:>LMKH

/><>BOBGER>E | HGKHiEltiple LE: ©>0BBEHKSHFIEB<':MA> O BAH MHERK : G PRB G
K>IN>LM2s<A>0 BL=>=K> L3} =K : \F NERMB3 @ BREBEEEWK : GLB BNE M : GEHHMNSLEARKS
HNMEINKMKBAB®A>GHNM G =8:0/@H A % RG GLHBV | ER B KM #H @ >SMEAMRPH N Gl L>G + !
@:NMELAHBG AB: @ WM#EHF,; B\GAB @ G HEMPABIB : G R: L KI> <> BKO-B.GHEB GHEW <> L LGKR
MA> 15 EBG>L <:G ;> E>?M NG<HGG><M>=

AA>GC>0HKEG>=NMBBKP>E>F MRB WbA® K H NMEH=@ >: I3 AXK. WKAS VK A> O B>
IKHI>KBER K2G IHP>K>GBXEBMAL)L > KBt EMB NKG K: KMBHBEER PB B > K
?KHWA>> KBBEPABEA: GMA>K) MKKEN LMM : DB 6>/GN K GBS GH GBI K>L > M
MA> =>0B<>L

Sending commands

1IA>HEHENMHEBBE® |IKHMMHAHBEENLP-A>BEN E M-BHEBEND B: K> < >BWOABRGHR >KB: E
=:M: 1ABL :EEHPL MA> =>0B<>L MH ;> BG=BOB=N:EER :==K>LL>= :G= BM

EMASOBKHHG?BEEKM#MAMN K: MMAPA>REHBLLRENRBKHEHEN MK HEIFE : GFA >
=>0B<>L <:G :NMHF:MB<:EER =>M><M MA> ;:N= ?KHF MA> BGBMB:E Q RN

OHFHE=HEHENBNEH) L:GBGBMBFE:GRM&RHR:GMKA:BIGA>NLH @ PO B<>L
>QI1><MBGRHINAHRB #IKMG MBERWQ L HI AMM =1>0 BRKENMHF : MB<MBBRN K: M & =
HGEREGSGHNREN>GFARME LHMAVMMS>LMKIE>MMAMNK: MS <>EE>OBAKX=>>M><M>=
MA>NK:MHEHKBEN BMALRQ | ><BW:=BE BF: GRM?Q PBB®B GHHEF : G:< D SMAL M FBW A

Q :G= MA> *:>LMKH PBEE B@GHK> <HFF:G= Il:<D>ML MA:M LM:KM PBMA

5.h. Serial Example Code
5.h.1.PIC18F4550

1IA2HEEHREBGEG EH="HKAL # P:LLN;FBMMER<NLMHPRKEF::LMB&EEBIGM>G=>=
M<HF I BEB MMRK MCU C Compiler [http://iwww .ccsinfo.coméontent.php?page=compilers] LA H34AHRH RI H
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<HGMKHEMKXH>KBHEF:QHIBIB@L:G= &RMMBKHWMF:GQFAA:GG>KIOB MBWMBGBFNF
IHLB MB# & HG&GL>> < HHG MM @ M BING > N MHKL B M B H:@® >Section5.e ?HIKG?HKHGBEG>NMMB G @
-& MH MA> *:>LMKH :Gl= IL>KB MEAB H*=1> LNBHKIBZ< M ;:N= K:M> ]

#include<18f4550.H>

#fuses HSPLL, NOMCLR, PUT, BROWNOUT, BORV43, NOWDT, NOPROTECT, NOLVP
#fuses NODEBUG, USBDIV, PLL5, CPUDIV1, VREGEN, CCP2B3

#use delay(clock=48000000)

#define TTL_TX1 PIN_C6
#define TTL_RX1 PIN_C7

#use rs232(xmit=TTL_TX1, rcv=TTL_RX1, bits=8, parity=N)

void main() {
delay_ms(2000);

while(true) {
/I Send a Set Target command using the Pololu protocol.
putc(OxAA); // Start Byte
putc(0x0C); // Device ID = 12
putc(0x04); // Command = Set Target
putc(0x00); // Channel =0
putc(0x20); // Target position = 1000 us (typical minimum for servos)
putc(0x1F);
delay_ms(1000);

/I Send another Set Target command using the Pololu protocol.
putc(0OXAA);

putc(0x0C);

putc(0x04);

putc(0x00);

putc(0x70); // Target position = 1500 us (typical neutral for servos)
putc(0x2E);

delay_ms(1000);
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6. The Maestro Scripting Language

L<KBLM>IN>BXHFF:GMABM Q><NRMA>>LMKHFF:G<LGA>IM>KREK>MI>>=6G=
<<>E>KKHPBHKE@BE IMVE NG 4>K?HKMA>F: MBEIEM: MB BGH G M. KIKEN <AMVENHK B&G=@
<HG=BMBHKHGOEBE 2H¥LBG .DBSWFIEBL.MBANE:>LMKIKBIE @ BI@BFIEM:<D
CL>SEEGCGOREKBFBEVEHK 1% G <KEIHWAIBBHFI: AWM ><BHEBEAB<HFF.GSIEN;KHNMBG >
<!EEI<N:ONLIMBG@RE>;:LB<=BNMHIKN @BDO KB E B,&3X0< K BI:M M A>>L M KK M KIGEM > K
IIEB<:MBHG

6.a.Maestro Script Language Basics
Commands and the stack

IKHORM™FA>> L MIKKKKBI® @ N HG@EX 1B R M3*J N >HEommandsP A B <<AM Gstack H ® :EN3*EN>L
BGAM: <KkDBGM>2®RHIKL MH ,GMAB<KH LMKHA : GIG>KOHIG M KMHAEBKESSK HPRHNKI
MH O:ENb@ ASM : PABHE® AB GB> L MIKSHC OHHG M KM A BRKKILHPFHNIMH - O :ENP@I ASM : <D
HFF:G=EP:R<M G1 APH | F B LENSM ASM : <®E > OA KB K NHERIAVGHH MASM : 4B 2 BFIE>L M
DBERXHFF:GKlterals GNF>KB.E€BPAWPE . <=BK>KBHMRM . ¢BXKQ: FIMAKH@K:F
] INML MA> O:EN>L :G= L>IJN>GMB:EER HGMH MA> LM:<D Lt

value

S P N W

FHKSHFIEB<HWEF=BMAY20<HFF: @®-AB<AMAPLHM PGEIN F; >Kt: OB 6<& L N &MVHHH ?
MASM :OD I THMAGNF;>KL :G=:KE>IN>GCNMNEB<BERAM : <OMAP20<HFF:BENGA>
?HEEHPBG@ M:;E> LAHPL MA> K>LNEM

before | after

N | W

=

+HMPAMM P2 0<HFF:GEP:RE<K>MABEMAM: RHGEBINIMRHMHA: D& N KARMA: O >
SGHN@A O:EN>L HG MA> LM:<D MH <HFIE>M> MA> <HFF:G=L RHN P:GM MH

HGLB=PHKKSHFIEB<QMIF+ENIIHR>P :GMKEHFINNA>EN2 Z _ NLBGA&R+20G=
*2)1&- <HFF:G=L 1A> P:R MH PKBM> MABL <HFINM:MBHG :L : L<KBIM BL \

Comments, case, whitespace, and line daks

EEKMRA>>LMKHKBIG@ NK&:*:> BCL>GIFBHFBRNL>GCRBEPABM>LUI<SM: ;LG =
G>PEBWGERU K<M¥* F: CComments KBG=B<s<RMAPF NGEB @ 5Z>0 > KR MABAG M A>GH ?
MA> EBG> PBEE ;> B@GHHKEKE=(RMA> MAAEBHEPKNM:MBHG :;HO> F:R ;> PKBM
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13 miNUS
4 # this is a comment!
times

PBMAHENGOPERANG ASHF I BECH@ KR > G > K LBEER * K>HKHFF: GSIM PHRHMNK <> L
HBG=>GMBGEBSHIBMKKE<MENMHNMERS2EMHKK: R@KKMEHNBNMNKKLHGLEE >

Control structures

1A >LMKIKBIG@ R:@>0>=KH E M KK E <RABEAE HK; B M K:HKBIEB KM @a=KM AP KBM M > G
2GEBD>KHNMB &GHE B ABMIAE> OB > L MB2GHES ML KIKKE < MBNGW-A>IR>ENEMBF:M>£ER
HGb,1l, <HFF:G=IBL<NHBEHPGA BFIEK: G<ABGK ABH LIML > 2<NHES M_HVHKEN BNIMNACS>
"$&+Y/"-"1 BG?BGBM> EHHI :G >Q:FIE> H? PAB<A BL @BO>G ;>EHP

# move servo 1 back and forth with a period of 1 second
begin

8000 1 servo

500 delay

4000 1 servo

500 delay
repeat

1 A BLG ? BEEGIBAVBE H G MBHGK\SOR MIN: G:IME H MIABMHN G BXGHFR:RM A% &) D>RPBEBD>ER
MHNL>UNEL ) <KHGLNFARHINF ; BHIBIAM  <®@ENFMM AGHMAHBPGHGBRBILS >KH
#HK >Q:FIE> LNIIHL> P> P:GM MH K>I>:M MABL EHHI >Q:<MER MBF>L

10 # start with a 10 on the stack
begin
dup  # copy the number on the stack - the copy will be consumed by WHILE
while # jump to the end if the count reaches 0
8000 1 servo
500 delay
4000 1 servo
500 delay
1 minus # subtract 1 from the number of times remaining
repeat

+HMPA 'M&+Y4%&)"Y/"-1 EHH:IK:BFBENKPABEBHHIF:GRIMA>K @ N : I NEINE BID >
>O0>KRMABG@ >EL> BG MA> *:>LMKH lake B MOQBK@N: @ > MA> 4% &)" <HF>L

#HKHG =B MBWHBEHEE Y ")0"Y"+ I &MKNBNNKDWNE I HR > K>NBE = B8 @W-BAVIA> G HHK
<A:GG>E&P >P: GMH>IM> K ONHH FLBMAGIGMEBRBE>MA:G :;HNM3 ,MA>KHMPBL>
PBEE L>M MA> L>KOH MH FL 1A> ?HEEHPBG@ <H=> :<<HFIEBLA>L

3 get_position # get the value of input 3 as a number from 0 to 1023
512 less_than # test whether it is less than 512 -> 1 if true, O if false
if

6000 5 servo # this part is run when input3 < 512
else

7000 5 servo # this part is run when input3 >= 512
endif

LBEHLIEMG @ NM@ »Q" L><VBBH Gl B HE ME® : RIGMMIBL> EWP B K : <D P : K=IE: MB®A>K
E:G@QN:@>L LBG afterWam> &>kKMF>L

IAAN&)'CGEAMKN<KNEHNMBK>COMWNL MNEBR B E 2 <KBIWNP > ®AKR KM B FRPASERIC N LM
G HMW G O >MHBEAGKIDNPW :MHNX MK RBIGHRG! > KHFZLEH HIK; K: G &R HCINRMGMWE N FIBK><MER
?KHF HG> I:KM H? <RHN BFHR :SLHMABKRHKDL EBD> MABL
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goto mylabel
# ...any code here is skipped...
4000 1 servo
mylabel: # the program continues here
4000 2 servo

&G MABL >Q:FIE> HGER L>KOH PBEE @>M L>M MH PABE> L>KOH PB

Subroutines

&NM:G>NL>MMNELMA>F2>IN>IBXHFF:G=IG MBRYAKH N RHNHKNHV® Bulfoutines : KN L > =
MA:DMABILBSKEHKA :<>?BXBHGD:FIENIIHRHEN? MG>GMH>IM> KOl £ > KO;H< M H
MASBN VMKLEMBHGL FLNLBWMA>IN>G<> L>KOH L>KOHN:G G <:ILNEABIE
LN;KHNMBG> :L ?HEEHPL

sub neutral
6000 1 servo
6000 2 servo
return

1A>BA>GC>RPER:GIM>GEASMPH>KOHKIMB>NVRHE: C NNMPG>NMK:EHFF:GHK>
:=0:G6<>= LN;KHNMBG@>H?MNMB> OMENBL #HPK >Q:FIE> MA> LN;KHNMBG>

sub set_servos
2 servo 1 servo
return

PBEENA: GG MBI A ENSBIARHH M ASM : <®=< A : GG MBI AG>QVMENHB RHRKBM >
L>M9L>KOHL] RHNK L<KBIM PBEE L>M <A:GG>E MH :G= <A:GG>E MH

ON; KHN#EBGBEEVMANKKHNMB/GHEIB ABME > OB K> <NKABKG®G: FI1 BASN ; KHNGBGMK : E |
7 HO> <:G ;> BFIE>F>GM>= ;R <:EEBG@ L>M9L>KOHL

sub neutral
6000 6000 set_servos
return

6.b. Command Refeence

IA2HEEHPBAS@VBBHNMHFF:GEID >R P HBKB K>> L MIKHKB I8 @ NLAREM :<XP><dHENFG
LI><BRBFLGCGBNF;>KEHGLNR=—==>MMASM: 4BDIKQ :FIBAF20<HFF:®=DHBMPH
GNF;>KL :G= K>MNKGL H@><MHHBM A:L HIFW:&EIBPBMA PBEEB E F?KD>= PBM
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Keywords

stack
effect

"$&+ GHG> | F:KDL MA> ;>@BGGBG@ H? : EHHI

keyword description

"+1&# GHG> | >G=L : <HG=BMBHG:E ;EH<D &#Y"+!&#

")or GHG> | ;>@BGL MA> :EM>KG:MBO> ;EH<D BG &#Y")0"Y"+!&#

Iib'ell’ GHG> | @H>L MH lab&l>=E 2,BG>laBdll PBMA

o i >GMMAsHG=BMBHG@EAX@ NF>BMKNGHG SBERHY"+!&HK
&#Y )0 Y " +1&#

/"-* 1 | GHG> | F:KDL MA> >G= H? : EHHI

02 name, GHG> | =>?BG>L : LMdnN€HNMBG >
4%8&)" CNFIL MH MA> >G= WNFEGMIBBR??MEAL>> :KS>KH

Control commands
command | stack effect|  description
.2&1 GHG> LMHIL MA> L<KBIM

/"12/+ | GHG> >G=L : LN; KHNMBG>

Timing commands

command | stack effect description
") 6 =>E:RL ;R MA> @BO>G GNF;>K H? FBEEBL><HG=L
$"19*0 @>ML MA> <NKK>GM FBEEBL><HG= MBF>K PK:IL :KHNG= ?/
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Stack commands

stack

command effect description
1"-19% @>ML MA> GNF;>K H? GNF;>KL HG MA> LM:<D
', - K>FHO>L MA> MHI GNF;>K ?KHF MA> LM:<D
12- =NIEB<:M>L MA> MHI GNF;>K
, 3"/ =NIEB<:M>L MA> GNF;>K =BK><MER ;>EHP MA> MHI <HIRBG@
& ( M:D>GENF ;> KMABPNMMAKM G N F; >KE HPABMHHG MM : <bB& (BEIJNBO|:E>GM
MH 12-
04 - " | LP:IL MA> MHI MPH GNF:>KL
D < [ > KFNMAERHM A KGNF ; LK AMM K => < H FM BAVbH G M APM AR O=H PIGG >
/,1
< IHLBMBHG
/) M:D:>GNF ;> KIABXKFNMWMARHYL GNF; LK AMMEL M A> <HFM BSH G sE E
' H? MA> HMA>KL FHO> =HPG HG>
Y Mini Maestro 12,18,and 24only M:D>GNF ;> MM A=8IBHWAMBA: ENBIAM: <D
F>:LNK>= ?KHF MA> ;HMMHF MH MA> MHI H? MA> LM:<D
S Mini Maestro 12,18,and 24only M:D>GNF ;> WM A KG F H O1AG> QME Rk HWFA >
' LM:<D :G= INMLABBEH <MMNBAIX; HG MA> LM:<D F>:LNK>= 2KHF MA

Mathematical commands (unary)
1A>EHFF:Q¥ID B G @ENF2G MFAGHH M AM : DA KSMNIBEG @:EN>K>LOBEMBE MA>L >

A:O>IJNBO EGGMEHIHW A>& @ N EBE*BIGIA>>INBO  EHBENWBEEHP>NLS?  EIMH>: G
:G= \MKN>] MH F>:G :GR GHG S>KH O:EN> <HFF:G= K>MNKGBG@ \MKN>] :

command C equivalent description

&14&0"9+, U BGO>KML :EE H?@GWA>GBWML BG BML :K
),$& )9+,1 K>IE:<>L MKN> ;R ?:EL> ?:EL> ;R MKN>
+"$ 1" z K> E x<RIx

-,0&1&3" GHG> MKN> B? :G= @ONER @M BIAXD K M>K MA:G S>KH
+"$ 1&3" GHG> MKN> B? :G= BOEFR @M BIAE>KL MA:G S>KH

+,+7"/, GHG> MK N > B? :G=@IGERGB?BMAMK:K> GHG S>KH

Mathematical commands (binary)

1A>KHFF: QWP HD N F >TCNVHFEARH M ASM : A KSG MNLKBGE @:EN>K>LNEMK =N A >
TKONF>BAMIBEFIHKBMAMW :GHBGBG. MA>F . MHBKOL FIMAEHFINM>RHRMNKBM>*&+20]
1A>L> <HFF:G=L :EE A:O> >JNBO:E>GML BG :G= FHLM HMA>K E:G@N: @>L
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command
&14&0"9 +!

&14&0"9,/ | T
&14&0"95,/| 8
1&3&!"

".2)0

$/" 1"/91% +
Y)"0091% +

),$& )9 +!

), $& )9,/ TT

* 5 GHG>
* &+ GHG>
*8&+20 z

* 1

+,19".2 )0

)20

0%&#19)"#1

0%&#19/&$%1

1&*"0

C equivalent

© 2001D201 Pololu Corporation

description
:ITEB>L MA> ;HHE>:G +! ?NG<MBHG MUNEH&GK:LIHG=B

'INEB>L MA> ;HHE>:G ,/ ?NG<MBHG MIHNEHG&GKI:ELIHG=BC
'INEB>L MA> ;HHE>:G 5,/ ?NG<MBHG MMHNEHBKELIHG=B
=BOB=>@ NRA>GML

MKN> B? :G= BOER @MLMA> KIN:E

MKN> B? :G= HG@R BGWABL? @KE>MM:XK MA:G MA> L><H
MKN> B? :G= HGCBR BGWABL?BKLM MR:G MA> L><HG=
MKN> B? :G= H@BRR>BMLLHNA NKN >

MKN> B? :G= HGEROBIF > M B:IL M KING> : K

L>E><ML MA> @KW+ GFHWLMA> MPH :K

L>E><ML MA> E>I@NEK>MMA> MPH K
LN;MK:<MILNMAG MK

<HFINM>L MA> K>F:BG=>K H@ NBXOEBM BRGAGVA 2 MA<HBBK
MKN> B? :G= @OER @MLMA> BHM >IN:E

==L MANFKGML

LABMMB G :KRIK>L>GNNBHIBEEN F MMPE> 7RI GNF;>K
H? ;BML @BO>G @G AWASMLPBIVGFHNM PK:IIBG @

LABMME G KR K>L>GMAB KHGW F VMAIWCB @R B NF;HR
;BML @BO>G B® NMRA>GIM> <PIBEMAKNM PK:IIBG@

FNEMBIEB>NFMGMLK
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Servo, LED, and other output commands

stack

'R

command offect description
0-""1 L>MBpeedH M AA : G GI>KE B2BPAPHIE > FMEINO> EBIGIA><HG =
; > E > F > G3dctihn4ze
18+ L > M laceelerationH ™M ASA . G GI>K B ?BVGAYHIE > F MEGIVO>: EB Gl A >
' L><HG= >E>ZeetGrivit.el > >
$"19-,0&1&,+ @ > Mpodiign’H? MA> <A:GG>E LI><B?B>= ;R MA> MHI >E>F
$"19*,3&+$9011" MKN> B? :GR L>KOHL :K> LMBEE FHOBG@ EBFBM>=
0"/3 L>Mitarget H M ACA : G GI>K BAPAWHIE > FMEBINO> EBIGI A><HG =
' >SE>F>GM BG NGBML H? cL
L> M lfarget H ® AA . G GI>K B ?RBVPAWHIE > FMGINO> EBIGIA><HG =
0"/3,9 &1 SE>FPAMBEKAHNE=O:EREKEHAMMH L>MABGEB) <HFF:B&
Section 5.e
)19, + GHGMNKGL MA> K>=)"! HG
V"1, ## GHGMNKGL MA>X>+DNIFB&@ GH >KKHKL ;BML :K> L>M
Mini Maestro 12, 18, and 24 only >G:;EMA-4* HN MKMMG G>BEM A
4+ MA>KBIH=<B?BWAWHIE>F>GMAPBIBEP><B?BMAS><HG=

0"/& )90"+!9 61"

6.c.Example Scripts

>E>F>E8MBAGI GBIWL cL L>Sectiond.a ?HKHKBG?HKF ;MBMNMG
4%

Mini Maestro 12,18, and 24 only K>FH Q@AMHG N F; 2 K HWWASM : <D
BGM>KIK>ML BM :L : LBG@E> ;RM> :G= L>G=L MA:M

Getting started: blinking an LED
1A> ?HEEHPBG@ L<KBIM PBEE <:NL> MA> K>= )" HG MA> *:>LMKH MH ;EBG

# Blinks the red LED once per second.
begin

led_on

100 delay

led_off

900 delay
repeat

&BL @HB=>MMNKR>I|I|BG @HWAGBAK B3 MHKE B GGdR M ABI& @PABNKA K BH WLA>>L MR B
| : KM B <INFE MKM > GNHBHHRGASH FF: G = | INMMLAGNF; > K HGMASM :<B-MA2) 6 <HFF:G=
<HGLNWAGM F; &1 A>> L MIKHK B 1BVt B @@ K@NeF >SNBHHLIF F: GEP : B> M-I E: <HBIAM: <D
befoe MASHF F: GEANMM A>SFFABRAD>SMAEC @ N>@BE<DP:KHFI:KMHEHMA> & @ N&EEALLH
F>:GULARMN: GKK: R@&@ & KBGO : KBBRNMER? K PCGRVIiE HKQ : F | MPAIKIH @ B ER N B O VB ABHE >

HO>

# Blinks the red LED once per second.
begin

900 100

led_on delay
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led_off delay
repeat

IASNF;>KEBE: <HBIAM: <MMA>@BCKEBEAHMABGLNEMPBCSQ><NMBINGI>GMBHG
MA> HK=>K H? MA> GNF;>KL NL>= AirstK>GM ABMIaBILANHL>I=HG MA> LM:<D

A simple servo sequence
1A> ?HEEHPBG@ L<KBIM LAHPL ARPKMBMBKEBMBHEBOBG MEHHBIO> =B?

# Move servo 0 to five different positions, in a loop.
begin
4000 0 servo # set servo 0 to 1.00 ms
500 delay
5000 O servo # 1.25 ms
500 delay
6000 O servo # 1.50 ms
500 delay
7000 O servo # 1.75 ms
500 delay
8000 O servo # 2.00 ms
500 delay
repeat

1AL >KBHEBN D&l ; >L >ME> M > AWK : M HNKAIB<LK B PMH KOG > M > NMK : MFH = M A >
**>LMKH =H>L GHM >G:;E> :GR H? MA> L>KOH HNMINML NGMBE MA> L

+ HMPAMML> KIHHLBMBHIGIKBBBISBIML cLLHO:EN?2 <HKK>LVMHHEELA M >.Q MM K>

B Lcomment B¥H AL H@*KIH @ K : HFBAK A== O BN BI#M G>NL>?NEDBGBVMHN RMAKH@K: F
PHKBHH<HFF>GWML L>GMEBHE | EB ¢ KMXaxK&BIBFIHKM KM >F MAS) 6 <HFF:G=L
PBMAHNM MA>L> MA> L<KBIM PBEE GHM P:BM :M EE ;>MP>>G L>KOH <HFF

Compressing the sequence

1A*KH@ KHOM:D>LRMHRKH @KL > ;RM2HX <A>KIHHL B M® H GHW AAH H MM AKB:IM >
P><HNEMHNKMH L>KIHHLBVB#M AL ;RW>FHKRIAB<KH>LMKHK L>KOHH B VB &+

; RNF>FHKRV AB GB>LMKH@ MASH LHWNHIM ABB F BRI FH WRA > K> O : KBBE P RRMH
<HFIKMIAKH @ K HL BIF | H K BIMGAMD N LBt Suboutines # HKQ:FIEBGRSK > I SMMBGLMKN<MBHGL
L>KOH=>E:IRJO>NBEPR < : & H ON+ A 3BFG M_HN ; K H NVNHBQ@E: < >MM A= F >M ALBELF | E B8+t £ >
:G= F:D>L BM >:LB>K MH F:D> ?NMNK> FH=B?B<:MBHGL LN<A :L <A:G@BGC

# Move servo 0 to five different positions, in a loop.

begin
4000
frame
5000
frame
6000
frame
7000
frame
8000
frame

repeat

sub frame
0 servo
500 delay
return
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2LBHEA@AN . KHNKNB&@I< KBHWEH :RM>L>KHLBMBH GRMHE M O > K 2HNEAEBH HE M H
=>?BG 3" 4><:@ RN K VBAGK > IWNABHERAD B € 4 5A H RIIALNVM MBGBAN F; BIMASM :KBIJNBK>L

' RMHIGRMbE. <HFF:GEMPMHKALPH GRNE;*KF ;> KKHMH <:G>EH:=FrGMHAM:<D
PBEAMMHRMONIIHRE NKIEB <:RIBHEHIW MAONEECIK>LHENMEBRG BBGEHMNK
L>MMBG@L :K> FNEMBIE>L H? 1A>G P> <:G NL> LF:EE>K GNF;>KL MH L:

# Move servo 0 to five different positions, in a loop.
begin

40 frame

50 frame

60 frame

70 frame

80 frame
repeat

# loads a frame specified in 25 us units
sub frame

100 times

0 servo

500 delay

return

1ABKH@EBLF,RMEH®@MMARMNL3=KHLB MBH GR ME B O > K A>H RHPAP M H N@ MAL> F >
>?B<BB®=RL>MA>/3,9 &KHFF:GP-ABWAD>HG> ;REINF2PEMAMH 4><:@BO>G
LF:EE>K ;R INMMBG@ :EE H? MA> GNF;>KL MH@>MA>K

# Move servo 0 to five different positions, in a loop.
begin

80 70 60 50 40

frame frame frame frame frame
repeat

# loads a frame specified in 25 us units
sub frame

100 times

0 servo

500 delay

return

& R HINM MIA K HWA@ A K LIBKH @ R IFRB EEELGIH MBASBEB GAN F ;> KEE: <HOBIAM:BBLBG @ E >
LM>SMABL><:NMASHFIBEXKL>LB G @HEPF: G-HNMNE MG NE= >HK@M AM : D BG @B G @ E >
<HFF:GHRNEMBNE>3*KOQEL: <P>KSHPHPMBENLVRM>GER ;RM:XKNL*HKA2K:F>L
?HIGO>KH®Z>; RM>»IRK: FPABLKH ; :;EHRF I : G HN@RA N | EB <MMIBG KN R M<NHKNEB-M

=B? KpPEIMB MBBGMEM> ;RNMEH@RK>FHKRIAB<KHLMWHP>OPACH= @ >0 31EG:EE>K
HGLB=>K MABL L<KBIM PAB<A NL>L ?K:F>L MH F:D> : LFHHMA ;:<D :G=

# Moves servo in a sine wave between 1 and 2 ms.

begin
60 64 68 717477 79808079 78 76 73 70 66 62
58 54 50 47 44 42 41 40 40 41 43 46 49 52 56
all_frames

repeat

sub all_frames
begin
depth
while
100 times
0 servo
100 delay
repeat
return

& O AB+ K LHBM &>H =P>A : Oke> P K BAMM >*G LN ; KH N\MLB&AZ- 1 %<HFF:GIEfNMHF: MBHK:EER
?K:F2KHWACM . NCMBEKSHGE>1MBKH@KIPL;RMMHMHK?2K: F2HIG: O>KHIN LM
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s RMI>IR K: F4&><HNIEMHK>JN >GKGM : B GBBZK PHEIMB VBBBHI &R FH KR AB<KH>LMKH
NLBG@ MABL DBG= H? L<KBIM

Making smooth sequences with GET_MOVING_SATE

01>>6Gz<<>E> KK MBKEGDIL MHA: D FHHAVHAM BH GN > G BRI >>L MWOHP>0O=xKFFHG
IKH;EBM ARMANHG HMG HPHIEFN<RHOE>SMHEH>E; RMP KGFMHEEWR> KM K> : BAPBG: E

IHLBMBHBLG>Q : FIHAHRMNLMANBEMNBRH'EING 3&+$9011" MA:D>LFHHMAN>G <>
BGLM>:= 18? I")

# This example uses speed and acceleration to make a smooth
# motion back and forth between 1 and 2 ms.

3 0 acceleration

30 0 speed

begin
4000 0 servo # set servo 0 to 1.00 ms
moving_wait
8000 O servo # 2.00 ms
moving_wait
repeat

sub moving_wait
begin
get_moving_state
while
# wait until it is no longer moving
repeat
return

$"19*,3&+$9011"' K>MNK:GE H GL@ A BHKME > :H BI>> KIOHHO BIGHRHN: GI LBERIA > G >FOHK G M
MH P:BM ?HK :EE FHMBHG MH LMHI ;>?HK> IKH<>>=BG@ MH MA> G>QM LM>

Using an analog input to contol servos

GBFIHK®> GOWNKA>>L MBEKMABM: G>NLMK> BGINRKHPE GLHRKBM HAPRM A>10 B <>1L
LBFIEQ:FIENIIHR>P :GMINL>IHM>G M BMHHOMNHIAHHE. B MBHSK@HKM ABQ: FIEHGG><M
MAHM>GMBUYRHPHVMO KEMBDB=MR>3GC = PBNASGM>#HGCGGC>MHEAGCGC>HG?B@NK>
<A:GGMEF:GB G I NG Q: F BVGAB @HSGEADSM : NN M A>> L M KIKE M KIGEMGHMN. AH NLE M A >
IHLB BBHBG O NMIRKHFAMH cLLRHMNKAHM>G M BRHKFEFESBEEEN AHM AR H N K K BAMB L
K:G@KK>LVMHEOE PMKIHIVMH  4><:G<:BMABGNF;NKMHIKHQ B FVMM2NEREG @2L >K O H
MA>G L>M MA> L>KOH IHLBBMMBBG EHHHWMABL GNF;>K

# Sets servo 0 to a position based on an analog input.

begin
1 get_position # get the value of the pot, 0-1023
4 times 4000 plus # scale it to 4000-8092, approximately 1-2 ms
0 servo # set servo 0 based to the value

repeat

EM>KG:NRBEIO\C ER@AM P:GM MA> L>KOH MH @H MH =BL<K>M> I[HLBMBHGL =>

# Set the servo to 4000, 6000, or 8000 depending on an analog input.
begin
1 get_position # get the value of the pot, 0-1023
dup 300 less_than
if
4000 # go to 4000 for values 0-299
else
dup 600 less_than
if

6000 # go to 6000 for values 300-599
else

8000 # go to 8000 for values 600-1023
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endif
endif
0 servo
drop  # remove the original copy of the pot value
repeat

1A>Q:FIEHOPHKDNRMA>MAHM>GMBEKEHMBEKHK GHBLBAAS: EH@ MK HM®G@BKN BEH G
<:G <:NL> MA> L>KOH MH CNFI K:G=HFER ;:<D :G= ?HKMA i >MM>K P:R MFE

# Set the servo to 4000, 6000, or 8000 depending on an analog input, with hysteresis.
begin

4000 0 300 servo_range

6000 300 600 servo_range

8000 600 1023 servo_range
repeat

# usage: <pos> <low> <high> servo_range
# If the pot is in the range specified by low and high,
# keeps servo 0 at pos until the pot moves out of this
# range, with hysteresis.
sub servo_range
pot 2 pick less_than logical_not # >= low
pot 2 pick greater_than logical_not # <= high
logical_and
if
begin
pot 2 pick 10 minus less_than logical_not # >=low - 10
pot 2 pick 10 plus greater_than logical_not # <= high + 10
logical_and
while
2 pick 0 servo
repeat
endif
drop drop drop
return

sub pot
1 get_position
return

1APIQ:FIEEHGK: G @HK><BFBAGCEI® AA>K DB GNEK : GLBIM BBIG MHNA>S> KRBE>: 0>
L E B @GEABIRKRG @ 2 HK::D B GGaH MM KG L BINEBHHEGN A= 2 K > G <B>G1 ABQ.: F | BE (@ MKA MA >
:FHNGM H? GHBL> MABL PBEE IK>O0>GM MA> K:G=HF CNFIBG@

+HMPAVMMBQ:FIEBHE PR KER HANH G GRHINKM >G M BHHFGHVM K S . EB @I N:M: ;ECA:GG>EL
<A:GG>EL1EZ> BGINML HG MA> HMA>K <A:GG>EL :K> =B@BM:E

Using a button or switch to contiol servos

EBILHLLBVEHGG>NMMEK BB MHHA: > L MIGHE>MMAM HVREARMBRBE NKKB AR <KBIBH P
FHO>L>KKANKHNK>A > ?BEAN>HKCEEO>F >G R LG \BMAG> QM> 1< BMANMMENGL A>=
&M NL>L <A:GG>E ?HK MA> ;NMMHG :G= <A:GG>E ?HK MA> L>KOH

1A>NMMAGS ENEM<H G ? B @NB S+4MWP B Ko K K X0-Bdefdn7.b ? HEKG L M K M -<GVHERHREELK >
© N M WHRGH N K L MNKIEB:G @E EKN IL B L NVHAKIMBSG | BIBIH K F AEFE@@ P A >3 A N M B HIG> L B\
@H>L EHP

goto main_loop # Run the main loop when the script starts (see below).

# This subroutine returns 1 if the button is pressed, 0 otherwise.
# To convert the input value (0-1023) to a digital value (0 or 1) representing
# the state of the button, we make a comparison to an arbitrary threshold (500).
# This subroutine puts a logical value of 1 or a 0 on the stack, depending
# on whether the button is pressed or not.
sub button
0 get_position 500 less_than
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return

# This subroutine uses the BUTTON subroutine above to wait for a button press,
# including a small delay to eliminate noise or bounces on the input.
sub wait_for_button_press

wait_for_button_open_10ms

wait_for_button_closed_10ms

return

# Wait for the button to be NOT pressed for at least 10 ms.
sub wait_for_button_open_10ms
get_ms # put the current time on the stack
begin
# reset the time on the stack if it is pressed
button
if
drop get_ms
else
get_ms over minus 10 greater_than
if drop return endif
endif
repeat

# Wait for the button to be pressed for at least 10 ms.
sub wait_for_button_closed_10ms
get_ms
begin
# reset the time on the stack if it is not pressed
button
if
get_ms over minus 10 greater_than
if drop return endif
else
drop get_ms
endif
repeat

# An example of how to use wait_for_button_press is shown below:

# Uses WAIT_FOR_BUTTON_PRESS to allow a user to step through
# a sequence of positions on servo 1.
main_loop:
begin
4000 frame
5000 frame
6000 frame
7000 frame
8000 frame
repeat

sub frame
wait_for_button_press
1 servo
return

'‘NLBVBMA>>IN>GC<BE@EPHOMAXKBMAIMMIIAKHN@IN >IBGRK:F>NRBGL M2 M BF>=E:R

i >MP 2KGF MIABQ: FIE>B MHKNMVKPGLAA &19#,/9 2149-/"00LN; KHNMBGE & BG

O :KBENMER? K & GHIBR K £ G >FOHNK GNWIA : BMA:K N M MKPQG6H NHN:EFH) |- IFABQ:FIBPEEHP
FNEMBIE> ;NMMHGL <HGMBGNHNL FHMBHG HK : O:KB>MR H? HMA>K MRI>

Using multiple buttons or switches to contol servos

1ABUI<KBPVMHGLMKIMKEHGGRHENIK>SLMMANEMBN MM HLEG ;NMMHKE>LLE KN GILA >
<HKK>LIHG=BG@ L>JN>G<>

# When the script is not doing anything else,
# this loop will listen for button presses. When a button
# is pressed it runs the corresponding sequence.
begin
button_a if sequence_a endif
button_b if sequence_b endif
button_c if sequence_c endif
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repeat

# These subroutines each return 1 if the corresponding
# button is pressed, and return 0 otherwise.
# Currently button_a is assigned to channel 0,
# button_b is assigned to channel 1, and
# button_c is assigned to channel 2.
# These channels must be configured as Inputs in the
# Channel Settings tab.
sub button_a
0 get_position 500 less_than
return

sub button_b
1 get_position 500 less_than
return

sub button_c
2 get_position 500 less_than
return

# These subroutines each perform an arbitrary sequence
# of servo movements. You should change these to fit
# your application.
sub sequence_a
4000 3 servo 1000 delay
6000 3 servo 500 delay
return

sub sequence_b
8000 4 servo 900 delay
7000 4 servo 900 delay
6000 4 servo 900 delay
return

sub sequence_c
10 4 speed
7000 4 servo 3000 delay
6000 4 servo 3000 delay
return

-E>:GHMAMMIB4K BHMGHMFNEMB MR DBIN@BKN G GB &K B BEEA M HMMNKI M H G
IK>LNGMBE JN>EBEBGELBILHLLBME>D MANMMHGKBNG=>1>GsRMMERBHWNE=>=
MHFN<RHKSHFIEBId>M>6=BIG@® R DBRENK>WKBMBGBERMEB @ KMMNLENEMBIE >
*>>LMKHL BGLM>:=

Long delays

IAEHG@>ENRLLBELBWIAN2) 6 <HFF:BlIIKHQBF: M>KER G@EHF<: L>RHRB B EGMH
F:D=>ERN<BHG@ANCA WM>KBEXG>Q : FIMALMHRHR>EIRE:GR><HBKIBGNMSE
'<<HFIEBLA>=

1; Moves servo 0 back and forth, with a delay of 10 minutes between motions.
egin

4000 0 servo

10 delay_minutes

8000 0 servo

10 delay_minutes
repeat

# delay by a specified number of seconds, up to 65535 s
sub delay_seconds
begin dup while  # check if the count has reached zero
1 minus 1000 delay # subtract one and delay 1s
repeat
drop return # remove the 0 from the stack and return

# delay by a specified number of minutes, up to 65535 min
sub delay_minutes
begin dup while
1 minus 60 delay_seconds # subtract one and delay 1min
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repeat
drop return # remove the 0 from the stack and return

&BIE: LRPAKBNNKHNMEBEGEHRAHNKIRP >>HR A : M >ROHHK G W > B G B GAH P > OAKIM >
MBF>K HG MA> *B<KH *:>LMKH BL GHM :L :<<NK:M> :I? :RMHIP:M<A Z MA>L:

Digital output

1A>=B @ BIMMEPNMM NRVPAS >LMBK :|:; ER?
<HGMKHGEBGBGI®BFI EBK<NBMIM>EEB@>GM
=>0B<>LN<A :L M A > ShiftBrite LED
Moduleshttp://www .pololu.com/catalogpr oduct/1240] G= o
ShiftBar LED  Controllersihttp://iwww .pololu.com/catalog/ ;
product/1242] PABNA>L BF IIERG < A KIHGHBNEEM H<H E
EEABQL:FIRMNXEHEDM<®=:MBGI?0AB?M KBM>
HWAB? MKXXKHGG>MM>KOAN:GG>ELG=
K>LI><MB8®&MABRA> GGKEHEHG?B @MMMEN M L
1AEN;KHMNMBG2 BA&>K= D > L BAVE @ K >6G
;ENOE NKIEMFAM : MARSG=L ;RM M BHKD >M Connecting the Micro Maestro to a chain of
GHMHOMESNIBAEINI=:MAAB?MP R BIME> P ghittgars. A single 12V supply powers all of the
<HEGIKENA®XN;KHMNMWBIEFH=B MEEGMKHE devices.

E@>K <A:BG H? 0AB?M KBM>L B? =>LBK>=

begin
1023 0 O0Orgb 500 delay # red
01023 0rgb 500 delay # green
0 01023 rgb 500 delay # blue
repeat

# Subroutine for setting the RGB value of a ShiftBrite/ShiftBar.
# example usage: 1023 511 255 rgh
sub rgb
0 send_bit # this bit does not matter
0 send_bhit # the "address" bit - 0 means a color command
swap rot rot
send_10_bit_value
send_10_bit_value
send_10_bit_value
01 8000 1 servo servo # toggle the latch pin
return

# sends a numerical value as a sequence of 10 bits
sub send_10_bit_value
512
begin
dup
while
over over bitwise_and send_bit
1 shift_right
repeat
drop drop
return

# sends a single bit
sub send_bit
if 8000 else 0 endif
2 servo #set DATAtoOor1
0 0 8000 0 servo servo # toggle CLOCK
return

+ HMWAPMN L >M H>MAPN MEM NG = MH>NMAPN MABNMR A>LEK>: LHGAEHB<NNMGR EN>
?KHF MH <HNE= ;>GN-L>GRMAXBEBEI®P ?KHF MH <HNE= ;> NL>= ?HK
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Serial output (Mini Maestro 12, 18, and 24 only)

,GMABGB>LMKH :G= :L<KBIG>NL>MH>AC>KB:HHNHGIA>) E>DO>kBHEKMS5
1ABL: GMAMM >> L MK & H G MEK=HBEV B:H G MEKHIE H PPBHEK@ S N F ; SHRA : G BEMA H K IMK : M >
FB<KH<HGIMHIHEBFKEKH @ MAEKNHRHPL>KB8HE F: & =G>N L 3MKH G M&H A > KM KH

NLMABH==HG?B@WMA>SLMRBRL 1FH=WASF> NK:MS<HGGSHWI A=LMMK HG
MA> LE:O>

100 delay # initial delay to make sure that the other maestro has time to initialize

begin

127 0 mini_ssc # set servo 0 to position 127, using the mini-SSC command
254 0 mini_ssc # set servo 0 to position 254
repeat

sub mini_ssc

OxFF serial_send_byte serial_send_byte serial_send_byte
return

6.d. Script Specifications

IANLEKKBIMB@ANOGBEH®ABGB>LMREHKHP>KMNEHA:M:BEH®AB<KHLMKH
1A> Z2BR>G<>L K> LNFF:KBS>= BG MA> M:;E> ;>EHP

Micr o Maestro Mini Maestro 12, 18, and 24
Script size: ( (

Stack size:
Call stack size:

Number of subroutines: NGEBFBM>=

Extra commands: Str(- (" -4* 0"/& )90"+19 61"

Script size: 1ABIMAGNF;HRRME B>KLBEMBE B KIR<MG>N L 3MHM RPN K =>; B @ @<KBBI8 >
:EEHPL RHN MH LMHK> FHK> L>KOH FHMBHG ?K:F>L :G= MH PKBM> FHK> <]

Stacksize: 1IABIMA>QBFIBNF; BHR:ENPASMG>SHBIAM : <MDIA>F MBF > B @ @M KEE HRPHLN
MH A:O> FHK> O:KB:;E>L =H ;B@@>K <HFINM:MBHGL :G= PHKKR E>LL :;HN

Call stacksize: 1IABIMA>QBFNKN; KHNGMB BBCNMAA>QBFISNF;HERN; KHNWAGGSI<:EE>=
PBMAHNM K>MNKGBG @

Number of subroutines: 1LABL BL MA> @NR>&AMHEPNSRRANMBG>L RHN :K> :EEHP>= MH A:

1IA2BKLMN; KHNMBBBIRHNKKBIMI><BME SN, KHNMBSE>M : KWMSB-=GL@ KB KE: MB O >
20 <HFF:GE&>»: <A PKHBMRBEKKRPNMN BKGHRB;>R M>R < KBI:M %2 AMicro Maestro HG ER
LNITHKMIBNGI®@H L N;KHN UABMIN LMaestro 12, 18,and 24 LN | I HK K B:G®G E B FKBNVE #R
LN; KHNMBAN ; KHNWVWEGESMMRBKLM: GHMLM : KNKCHE>KBKEMBOX<HFF:G6 =
>:<A <:EE K>JNBK>L ;RM>L H? L<KBIM LI:<>
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7. Wiring Examples

1ABL <MBHEGEM>BGREIEBKBEE@?B @ NKIWABHEMMA-MFHGLMEK>F?>K PGRIB M: G>
<HGG>MNEKRKHC>EKWAHN @R MAB<MNKGERHWAB<KHLMMMWBG?HKB G BB{MBHG
:ITEB>L MH :EE *:>LMKHL NGE>LL HMA>KPBL> GHM>=

7.a.Powering the Maestio

1A>K> K> L>0>K:E P:RL MH IKR*KLRHKKG=>MMKH>KOHL BM BL <HGMKHEEE

USB power

& RHHNH G G>€N >LKN | | VR A>> K CHP >\NK> K F B&= E
<HGGWAM L MMBO :LLAHB@BAB<MMMASB @AM
MAMGE>>LMHKH<>PBHHRHP >K>320 PABMA>
L>KOKHHP > KXKHWABR PN I TERPHPAWNIIENLM
HN M:IQ NME N B AS K K+LUA > <M B IO M B&@>

FNLM<:|I:;BH2NIIEREE &N K KM AN > K PHB
=K:P

UsB

1 (AT
= i E Servos
& MABHG?B @ B RI:AB HIGI NH3M 2OKA H LNVAMM >
*SLMEKEKHGG>ME HMMHE >MAPRE->?2 : NIBEM>LMKH
PB @B HE >>X3d+ MH* G = BX3K@NHE L& R HBI> M=K B O > The Micro MaestroOs processor can be
RHNEKKPHABEMNKFINBEBRRHX: GILMAever  Powered from USB while the servos are
sleep(ignore USBsuspend)H | M B 8IG0> K 8 >® M\B:G @& A > powered by a separate supply.
*1> L MKHG M KSHEM » K MV A MVA B B HES PRI KBD'M A >

<HFINM>K BL LNIITERBG@ IHP>K MH MA> 20 IHKM PABE> BM BL :LE>>1 :G=

Two power supplies

& RHHNH G G>€N >LKN | | VR AL>> K CHP >\NK> K F BG&S= E
<HG GHHWMIAPRGIN | MR +! 3 & +M A MG¥>>L MIKH”
IKH<>PBHEH HP > KEHWASE NI PRBMA>KOHL
KIHP>K2KCHWASHPKE N | EIRA B & +L N | | EER L;M
PBMABG® :G5><:|:;BPENIIERBE>@LNM MMA>
*B < KH>L MHKHK F MMABGB>LMEKA:>KOHP >K®

HI>K: N(BCGB@G’ENL,IVK EH>'ENIIEREE@>NKK>GTM

MA:M MA> L>KOHL PBEE =K:P Servos

The Micro MaestroOs processor and servos
can be powered separately.
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One power supply

&RHNH GG LBV @IP>LKN | | MBI& + G M A> KIGHHP > K
M > K F BVGA BGA™ > L MIKIK/H <> L GENKAL>> K CPHBLE &
IHP>K>KHWALMIITBERENIIERLMPBMABG :G=
> PBMMBRG> KOKLIN > <IB R >MBG @G E- N L:M
<:l:;E> H? LNIIERBG@ :EE MA> <NKK>GM MA:M MA> L>

O HL|GRBRE =K:P

,GMAB<RKH>LMKHA: G G>HEOMG M KHHEPE RM HH *.:-I‘
MAPB K BENPABH G ?B @ BIKI HA 8 PGB KWtH> M P SMpAs> =
L>KOH IHP>K K:BE :G= MA> 3&+ EBG> Servos
,GMABGB>LMKH :G= <A:GG>»KOHGMKH
MAC> <HF F>R:FRMEH AB K B BNRABHL.G ? B @ BIM HVI
<H G G>HMNAKP LK | | MM A> = B <. MKRIGHP 3 B BLEI A > Vservo = VIN (5-16V)
<HKGMAH : K N LM ABG < E NEN=A H K IVEBHGMEH

<HGG><M MA> IBGL3E+PE>= \30/ The Micro MaestroOs processor and servos
can be powered from a single 5D16V supply
if you connect the positive servo power rail
to VIN.

7.b. Attaching Servos and Peripherals

,GMA>>LMKGFHRI MASCA:GG=BENL>:/ L>KONHEHNMINN: G:EHE@BGIIEML: =B@BM: E
HNM IMNB E E HWPA>>L MMIHH G M K K &L N M MKAL KSSLI-HM >G M BHEB MBKEQN. : G =
FHK:AXA:GGCBE<HGM KAKEEFAYL K KB BWMKNBG> L MKKKIQM>KHOB ER E >D>KB KE

20

Servo

IH<HG G <M MA>>LMRHRNNLM KEMBPAB<A:GEBHEBRHNEBDNMMNLEZMAA:GBBHM
TEK><HRG ?BAMB 6=KPOHH=M A>? . NNEAB G A>>L M KIE M RIGEN-G =M KA : G G>EM MB.G @ L
<A:GRA<M:GCEI$StEvo FH=>C<EB<IDER>MMBB @GR:NM KKO:HEWM ASA: GG>EG X >?NE
G HWHE NB®/G: < D P : Hake sureto connectyour servocorrectly, or it might bedestroyed. 1A B @ G1EN: EER
PABMEK: GiiR>EEMBPKAHNEMHP MABSGLBR2AH K-CGMAGKHRBKNLN ;EERDKKHP G
LAHNE= ;> <EHL>LM MH MA> >=@> H? MA> ;H:K=

6HN PBEE G>>= MH <HGG><M : ! |HPSKctohNTIlRR KHKPRKBK @>B@MHHK RMBHG

6HN : M >R MM KK QR > M NBNG @CHVMW A> K OA: G B FEACM : \WINH M A>> L M KIHG M KIEEV& K
RHNG:; HIA> KOA: G GR<EA><D\BA@ : ; E<A><DRHNAHNESEMHA:DMA>KBPDHOR

=K: @ QBB =KK>?20HK B @AMR HN: G HG WKAESEK BHMRH MK K R LNBIG &' /3, <HFF:GHK
HOLKKBLBNGAD >M@ >WHFF:AA>SKEHFF:QEIDE N F>ESRNGBIM N KIABKKHL>I<HRB NL
LAHNENE MR AR OME NRHIN>B 1 A0M : NUNIR? H WIKEH F | NdMHXK K BEO<IVIF >SNBRITA <IHFF: G =L
*HK> :=0:G<>= <HFF:G=L :K> :ELH :0:BE:;E> ?HK <HGMKHEEBG®@ RHNK L>K
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Button or switch

IH<HG G>KNM MH G B MIME>> L MR HRN LB K b MBPAB < A
<A:GRHRHNEBDIMNLSEG A>>LMHKEHEG M KRN =MK >
A G GB>EM MM G<@ LGNDA< W : G Gliut FH=>G < EB<IDER
0>MMBIGC@BBKINEEKSILBLEHKOBEH H AMIP >\ &>
LB @ERBMA<M:GGGE3 LHANMMBG IBIMB @8 PA>BA>
LPBMEA>GBKAANMMIKBBN<MP M/GCB QERE>S+! &l
3 LHIAPM >NBANMM P BB tAM BIOBSG INBESVEH3 1A>
IB<MVWIMACB @ANMRHREHGG>KMMKEBB MEA :GGHE
MA> *B<KH *:>LMKH <A:GG>E L>KOH <HGMKDSH f igrigonnecting a button or

witch to the Micro Maestro Servo
Controller.

1-100k(]  bultgn or
pull-up resistor gw?cd‘.

+HMS&>QM>INGEBEKN L BRMIHEW > BRHNLLA:GG>E HK
HMABGB>LMKKA:GG>KOHGMKGEEB>KBMBIGM>KG:E
INEE NI K>LBLMHK BG A:GG>E 0>MMBG@L M:; H? MA> *:>LMKH HGMKHE >

BHNCGI>RNBIG INRMH @ MBEBGERIABMED >KB MABG\GHLBMB KB} LEAHB® AM: MNL
M:HMA>>LMKK M K IBBCK EM ANILHRH NNKM M A BMIMA H NE<=E HML B PA>NBANMMHG
LPBMBBA : < MBOEHMWHP A>EBIL<MBOR HN: K> MASM HIMANMMPABB @HNKKE LB G @
MA*19-,0&1&&sHFF: GBI OLKKBLBMGAS>MILBMBHG] GA>KHFF:GRBEKEM®O® KEGN > L

MA:M K> <EHL> MH PA>G MA> :NMMHG LPBM<A BL BG:<MBO> :G= <EHL:
Potentiometer
1H< H G G:>|€W > G M BVHNE AM>IKM R H KN LMB KeI>M BP=AB < A potentiometer (> 1 kQ)

<A:GRHRHNEBDMMLERHN:OMASBGB >LMKHHK
<A G IG>KEOHHG M K HIENEKAKB <HDGH M A S : EBI@I:M: ; E >

<A:GGzEIGGZELGIA>LMKIEMKBENG=MKA:GG>E sV

0>M M\B:G:@ LGN@A= W: G Bkt FH=>G<EB<IDER>MMBG'@ Ll s

+>Q¥H G QWA MM > G M B/HWF AN HULKHM AMMMPHG =@ M H =)

$+!1:G=3 :GMMPBIxKGGMHMLB @EBBMAA GAAE

IB<MMIMASB @ANRHRIKHG GX KM >G MBHA> 1B 5K B

M ASB < Kik> LM KA : G G>EQHG M KIHEHEK> G M BLEAFHANVE=K pia0ram for connecting a

A:O>K>LBLM?0GE> LIMB EH IHWABMH >G_HAWK : M HAHN < Apotentiometer to the Micro Maestro
<NKK>GM ?KHF MA> 3 EBG> servo controller.

i - .
.

GHN: G >RINMB K ;NRMH M M BKEND>GCMBEH>MW BRRABIBEHLBMBIKEB]LEAHB® M : MIN;L
HMA>>LMKIK M KRIBBEKSK EMAML B MIBHGA M >G M BBMASHMOEK RM P >HE&HQBF:M>ER
:G= +HRHN: ®>:MAHLBMBHG M>G M BHER-PIWICKE LBNEAS> 19-,0& 1&&HFF:B#K O>K
L>KB:E NLBG@ MA> \$>M -HLBMBHG] <HFF:G= 1A>L> <HFF:G=L PBEE K>MN

7. Wiring Examples Page 63 of 67


http://www.pololu.com/picture/view/0J2222
http://www.pololu.com/picture/view/0J2222
http://www.pololu.com/picture/view/0J2228
http://www.pololu.com/picture/view/0J2228

Pololu Maestro Servo Controller User's Guide © 2001D201 Pololu Corporation

LED

IHKHGGS&8X'NM MM A>>LMRHNAHNBXbMB-AB<A:GG>E
RHRHNEBMNLEMA>>LMKH MKIEBMNG=MKA:GG>E :
O0O>MMBG@A-G@A<M:GOMRuUtput FH=>G=<EBXDER {nnlynaaugdifrgusluﬁiﬁ:
0>MMB-GCG@4H GAPANMAHRPA2! MB+! - GRKHNE-= 2200 is not enough)
H®NA>>L MKBEERPB <><:NUA>R>EEHGG>AM>EGHGG><M
MASBSH+MAZ! MMASA: GGLE@BBEEBWAKHNK@KLBEB MHK - ...
G>>=3A:LBQEBE&>L HAK>LBLHIKIHKKM > PMBRE&: G L I'
RHNGHGGEHMIL=BK>MMEB QEB&HP>RHKWNAHNE= i
K>:RHNKAL=_M:LASPBM * NKE===RHNKP E>LBBRHK
G>>=>=

ot =

Diagram for connecting an LED to
the Micro Maestro servo controller.

BHN:GM>RMN'K ; RL>M WBMEK>NMMAL! <A:G G SEA>
OM:N/NHM A>>L MK MKBBMBAY"! LAHNERG R HN>MAF@ M @ K > MB-H3$ J N MEH

CLGHPHMAS>KFHBL>E HG WHHE BB HNKKE LBNEAD® /3, <HFF: G # Ot KKBLBNAD>
\0O>MK@ >WHFF:AA>KHFF: QWD NF>BEOMEBIMN: KMBKKH L >I<HI@ %L L A H NEES ?
RHN L>G= : GNF;>K @K>:M>K MA:BMAC KBEBLE MH G= H?

1AM H¥NEK KRHME : ? >HBR PK HFAB @EB B EIB F BOWSectionl.a : GSectionl.b ? HK
FHK> BG?HKF:MBHG

7.c.Connecting to a Microcontroller

LA >SLMKB<<>1IUWL>KBHEF: KIHFB<KH<HGMKH E Byastro
IHKHG GWAEB<KH<HGMKEEBHKHNAHRBEHIGG><M
MA@ KHEBG&SMABPB<KH<HGOGMKAEZEH KB &M A >
*>LMKIA>GHGG M5 L>KBIE:GLEBKGH?MA>
F B <KH<HGWH/ARE >KB G?MA%:> L MKHM A :MA Ricracontroller
FB<KH<HGMXHMGEPKF.GE&RHBE >>MIK ><>BOKH™
K>LIHGKHEA>>LMKIARGRBEE SMHHG GMAS
L>KIB>E>EB S8 M ARB < KH < H MNHIKAKEE E MIKLESE B G|>
#HRKHKBG?HKHMBBR® Kb SWBHE >G<HFF: Gl=4>
Section 5

i ¥

|II|I
(optional)
&RHR:GRHNKB<KH<HGOMK IDERA=IB E BINKR> LM M > Diagram showing how to connect the
*:>LMMIAZ<GGGMA’/B|1EBGMA*>>LMMI{S@>G>K:E”croMaesm’_servocomm"e”oa
INKIHSLEBB M ASB <KH<HGMMN A BBAERM A%> EB G > microcontroller.
MKB LHWKNZEB A SBHRN: GNMA >> L MKKIN: @G = K BEEMH P

3 M>FIHK:KBER MH K>L>M MA> *:>LMKH

&RHMN: GRH KR <KH < H &N KWEEB E B MRV >K KIHKHFA >> L MKIB:G@® @ B &I BEML MR A >

L>K8HE F: GHR HN: GNIK > < >BEXC2 <M= ; 24HDHFANL A K K BIAM=< B G GWAM EBBMA>>LMKH

MHCR >G>K:E &NKBHBIPAPAB<KH<HAQMKHAEBBESEGCER BEH®ABGB>LMKH :G=
<A:GG>E L>KOH <&Skctiod KbPHESKHKG>BEG?HKF:MBHG :;HNM MA> "// EBG>
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8. Writing PC Software to Control the Maestro

IA>SKCKM PH.RMPAKBMEH? M M HEHG WMKEEL MK G MBO B G M > KE?#/<A>B K MK 1B+ KEIVA >
G:MBOBGM>KHOF+HK>: M IMKMA > KBHEIMN<AMA>BEBKMAR: GGG ?B @IN K : M=BNHXXK L
GE>ENMEM>LMRBNMEKBG NG ; >KLIMA20 BGM>KEE EFPHMK > < HEOHKS L BPEKRM>FIHK : KR
=BL<HGG:A®BHKBRNIE BN M>BE:kKBWNKLER HN & H’NMF B PB:MKAH @ K : F FBEA®® H KD
PBMA >QBLMBG@ LH?MP:K> IKH@K:FLBWR:M NL> L>KB:E IHKML LN<A :L ):;:

W MaeitioEaspEuampe o Visusl Base:

=
-

Native USB Interface

1A> Pololu USB Software Development
Kit [http://www .pololu.com/docspJ41] L NI I HKINBIG =HP3.=
JBGNQ :G= BG<EN=>L MA> LHNK<>

s
s Maestrolersample in 8

:

gl

Straeesa i Kil T oo 1 0000 T = 200

WMaestroEasyExample : LBFIEQ:FIEH*EB<:MBHTG
MANMXSEMBO=>GA: MAKNKMMWMWHAGM G MK\ Bhe Pololu USB SDK contains example code for

the Maestro in C#, Visual C++, and Visual Basic

*'>LMRHKLBH®BIABQ:FIEKL>O:BEBB> NET
3BLN:E :LB<G#H'EBN:E B

WMaestroAdvancedExample :G>Q:FI@X: IABKEB<:MBNNGA: MBRO>MH>GHFF: GEl=
K><>BO> ?>>=;:<D ?KHF MA> *:>LMKH :G= :NMHF:MB<:EER K><HO>K ?KHF
WUscCmd : <HFF:G= EBG> NMBEBMR ?HK <HG?B@NKBG@ :G= <HGMKHEEBG

W +"1 <E:LL EB;K:KB>L MA:M >G:;E> G:MBO> 20 <HFFNGB<:MBHG PBMA

6GHN:GH=BWRP EB<: BBHEG( MHNBMBEEK >ERHN: GILMAE :EB; K. MBG M >I@A=M>M KH
BG MH RHNK HPG :IIEB<:MBHGL

Virtual Serial Ports

EFHLGRKH @ K : FE:BSGAOB k@I>; BP?< <> L IMB/GD |HKML>  VRVEAS> L MAKHK><HFFM G =
*BSKHLH2ZMK:F>PRAKBBRKMNLG=HGM:BXB:EEHKKM:-M BHMLRK>:GCPKBRM>L
?KHE>KBHEOMW N GHPGEBI-=NDOEMN*BHK>PHBMA>K HRBLN:EB<GPKBMH@K:FL
MANMM O> KB EEHKKHFFNG B 8:M&>> L M&EHY B & BE MH>WA>> L MIKEB KBHEMH>BMA>K
\20 IN:E -HKM] HK \20 A:BG>=]
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9. Maestro Settings Limitations
Mini Maestr o serial baud rate limitations

,GMABGB>LMKH :G= MAMEEHPB&@I>AHMNGEM>Q<>>HKFAKH<>ELRIK<HF>
HO>KEH:=>= <:NLBG@ =>@K:=>= |I>K?HKF:G<>

100100 Hz 1119250 Hz 333 Hz
Serial mode: UART/USB chained* D:IL D:IL D;IL

Serial mode: Dual-port D;IL D;IL D:IL

* Assuming bytes are not sent and received simultaneously, as required for the Pololu protocol.

Micr o Maestro pulse length limitations (high pulse rates only).

*HLM>KOKA>LB @B K% $ | > K : MEHEGRIHING HWPARM Gl > A-B GNNE K>MR HN: G
L:?>ER B@QGHK> MABL L><MBHG

1A*B<KHLMKHK>LMKBQHEFKRNEE>GC @HWAEK>MEP?L %SGCAB@AAK>LMKBXIMBHG
HG BkAmps availabld > MMBG@ :G= BL >G?HK<>= :NMHF:MB<:EER ;R MA> *:>LMKH

1A> F:QBFNF INEL> E>XG@MAL BG FB<KHL><HG=L :K> @BO>G ;>EHP

6 servos| 5 servos| 4 servos 1D3 servos
67 Hz

71 Hz
77 Hz
83 Hz
91 Hz
100 Hz

Mini Maestr o servo pulse length limitations (high pulse rates only)

*HLM>KOK®>LB @B K% $ | > K : MMESHEGRIHD G HWPARM Gl > SA-B GNFE K>MR HN: G
L:?>ER B@QGHK> MABL L><MBHG

,GMABGB>LMKH :G= INEK>MB? Z %INM>LMKB<GMAHRBGIONE E>G @MAL >
K>LMKB<MBHGL :IIER MH :EE L>KOH <A:GG>EL >0 P&idd multidiiers? >KM NLkeM M H

1A?HEEHMBGE@AHPEEHFBGBFNGFF:QBFNREIE>GC @BMAB<KHL>2HB&OLKBHMR
<HF;BG:MBMEK>MXSGE>KONF;>IEIEG:;B>KEGNLKEP : RLMBM AR L M K BI<GVHEAMG LE >
KHEHWM A>LBPLAMPHEBRMARS LMK B¢NHBEHRHRM A=BG?BF@SBF NGFE: QBFNHK ><B?B<
<A:GGxEHKNMMAG> L M K B<BMBSEEKM Po H P > GHNHS HOVE MrHI > < BIR> G @I RIHINKK OH L
BG=O:GRHXN GPBNMHA<A:GCGHHIK=C NMMAHBKBMBHGELRB=KKGC @&H MAAKGCG&EL
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RHNKM VAB G @&6E B H K:AMI>L M K BKRABBKIGHL BAHB-AGRAGK K>G IPANSG BILL> > 6 s<<>E>K:MBHG
EBFBML PBEE <A:GO®M MAHKEABKM®BRIG H? MA><M>EMICH: BREEMARK P>R?

#HKQ: FIPBMABGB>LMKHKNGGRG@S: FLI>KBHRAHN:RNL> L>K®PHBIMK:G@®?
Z cLG=L>K®CBMKR:G@>Z CLIAK>F:BGBA& @ GNHEM<AH?H A : OM A FBIK >
L > MnpdtHH ®utput G Béwo

Allowed pulse ranges at 333 Hz: Allowed pulse ranges at 250 Hz: Allowed pulse ranges at 200 Hz:
Servos| Min | Max Servos| Min Max Servos| Min Max
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