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1. Introduction
Thisdocumentis aguideto usingthePololuAVR C/C++library, includinginstallationinstructions,tutorials,andexample
programs. The Pololu AVR Library makes it easy for you to get started with the following Pololu products:
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Pololu 3pi robot: amega168/328-basedprogrammablerobot.The3pi robotessentiallycontainsanSV-328
and a 5-sensor version of the QTR-8RC, both of which are in the list below.

Pololu Orangutan SVP-1284: basedon the mega1284,the SVP-1284is our newestOrangutanrobot
controller.It is a super-sizedversionof theSV-328,with a built-in AVR ISPprogrammer,moreI/O lines,
moreregulatedpower,andmorememory.It alsofeatureshardwarethatmakesit easyto controlup to eight
servos with a single hardware PWM and almost no processor overhead.

Pololu Orangutan SVP-324: basedon themega324,theSVP-324is a versionof theSVP-1284with less
memory.Thetwo versionsarecompletelycode-compatible(thesamecodewill runonbothdevicesaslong
as itÕs small enough to fit on the ATmega324PA).

Pololu Orangutan X2: basedon themega644,theX2 robotcontrolleris themostpowerfulOrangutan.It
featuresanauxiliarymicrocontrollerdevotedto controllingmuchof theintegratedhardware(it alsoactsas
a built-in AVR ISP programmer) and high-power motor drivers capable of delivering hundreds of watts.

Pololu Orangutan SV-328: a full-featured,mega328-basedrobotcontrollerthatincludesanLCD display.
TheSV-328runson aninput voltageof 6-13.5V,giving you a wide rangeof robotpowersupplyoptions,
and can supply up to 3 A on its regulated5 V bus. This library also supportsthe original Orangutan
SV-168, which was replaced by the SV-328.

Pololu Orangutan LV-168: a full-featured,mega168-basedrobotcontrollerthatincludesanLCD display.
The LV-168 runs on an input voltage of 2-5V, allowing two or three batteries to power a robot.

Pololu Baby Orangutan B-48: acompact,completerobotcontrollerbasedonthemega48.TheB-48packs
a voltage regulator, processor, and a two-channel motor-driver into a 24-pin DIP format.

Pololu Baby Orangutan B-328: a mega328versionof theabove.Themega328offersmorememoryfor
your programs(32KB flash,2 KB RAM). This library alsosupportstheBaby Orangutan B-168, which
was replaced by the Baby B-328.

Pololu QTR-1A and QTR-8A reflectance sensors (analog): an analog sensor containing IR/
phototransistorpairsthatallowsa robotto detectthedifferencebetweenshadesof color.TheQTR sensors
canbeusedfor following lineson the floor, for obstacleor drop-off (stairway)detection,andfor various
other applications.

Pololu QTR-1RC and QTR-8RC reflectancesensors(RC): a versionof the abovethat is readusing
digital inputs; this is compatible with the Parallax QTI sensors.
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Encoder for Pololu Wheel 42x19mm: a wheelencodersolutionthatallowsa robotto measurehow far it
has traveled.

For detailed information about all of the functions available in the library, see the command
reference[http://www.pololu.com/docs/0J18].

Notethatthelibrary is designedfor AtmelÕsAVR-basedboardslike theOrangutans:to useit with theQTR sensors,your
controllermustbeeitheranOrangutanor anotherboardbuilt with anATmega48/168/328Por ATmega324PA/644P/1284P
AVR microcontroller.

This documentcoversthe C/C++ versionof the library, but it may alsobe usedwith Arduino [http://www.arduino.cc] : a
popular,beginner-friendlyprogrammingenvironmentfor themega168/328,usingsimplified C++ code.Seeour guide to
using Arduino with Orangutan controllers [http://www.pololu.com/docs/0J17]for more information.
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2. Prerequisites
The free avr-gcc compiler, avr-libc, and other associated tools must be installed before the Pololu AVR library.

Installing the AVR development tools for Windows
For Windows users,thesetools are madeavailableas the WinAVR distribution [http://winavr.sourceforge.net/]. We also
recommendtheAVR Studio developmentenvironment [http://www.atmel.com/avrstudio/] , which maybedownloadedfree
of chargefrom Atmel. To load your compiledcodeonto the Pololu Orangutanor 3pi, we recommendthe Pololu USB
AVR Programmer [http://www.pololu.com/catalog/product/1300], butanyAVR ISPprogrammerwill work. If youwill beusing
a Pololu programmer,follow the installation instructions [http://www.pololu.com/docs/0J36] to install it on your computer,
before continuing with these instructions.

WindowsVista: WinAVR might not work without additionalhelp from this WinAVR and Windows Vista
Guide [http://www.madwizard.org/electronics/articles/winavrvista]

Installing the AVR development tools for Linux
Linux usersshouldinstall all AVR-relatedpackagesavailablein theirdistributionÕspackagemanager.In particular,under
Ubuntu you will need to install the following packages:

¥ avr-libc

¥ gcc-avr

¥ avra

¥ binutils-avr

¥ avrdude (for use with the Pololu Orangutan Programmer)
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3. Downloading and extracting the files
To begin the installation process for the Pololu AVR C/C++ Library, you will need to download the zip file:

¥ Pololu AVR Library version 100326[http://www.pololu.com/file/download/libpololu-avr-100326.zip?file_id=0J334](1923k
zip) released 2010-03-26

Next,if youareusingWindows:openthe.zip file andclick ÒExtractallÓto extractthePololuAVR Library files to afolder
on your desktop.

If you areusingLinux, run thecommandunzip libpololu-avr-yymmdd.zip , whereyymmdd is replacedby theversionof
the library that you have downloaded.

A directory called Òlibpololu-avrÓ will be created.

Older versions of the library
These are available in case you have trouble with the most recent version.

¥ libpololu-avr-100129.zip[http://www.pololu.com/file/download/libpololu-avr-100129.zip?file_id=0J325](1275k zip)

¥ libpololu-avr-091201.zip[http://www.pololu.com/file/download/libpololu-avr-091201.zip?file_id=0J281](1063k zip)

¥ libpololu-avr-091106.zip[http://www.pololu.com/file/download/libpololu-avr-091106.zip?file_id=0J262](1064k zip)

¥ libpololu-avr-090605.zip[http://www.pololu.com/file/download/libpololu-avr-090605.zip?file_id=0J200](721k zip)

¥ libpololu-avr-090420.zip[http://www.pololu.com/file/download/libpololu-avr-090420.zip?file_id=0J192](719k zip)

¥ libpololu-avr-090414.src.zip[http://www.pololu.com/file/download/libpololu-avr-090414.zip?file_id=0J191](877k zip)

¥ libpololu-avr-081209.src.zip[http://www.pololu.com/file/download/libpololu-avr-081209.src.zip?file_id=0J145](295k zip)

¥ libpololu-avr-081209.zip[http://www.pololu.com/file/download/libpololu-avr-081209.zip?file_id=0J144](254k zip)

¥ libpololu-avr-081104.src.zip[http://www.pololu.com/file/download/libpololu-avr-081104.src.zip?file_id=0J140](292k zip)

¥ libpololu-avr-081104.zip[http://www.pololu.com/file/download/libpololu-avr-081104.zip?file_id=0J139](251k zip)
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4. Compiling the Pololu AVR Library (Optional)

Thissectionis optional, for peoplewhowantto modify thelibrary or getabetterunderstandingof howit works.
If you just want to install the library, proceed toSection 5.

Unpacktheentirearchiveandopena commandpromptwithin thelibpololu-avrdirectory.If avr-gccis correctlyinstalled
onyoursystem,youwill beableto typeÒmakecleanÓ,thenÒmakeÓto compiletheentirelibrary.Payattentionto anyerrors
that occurduring the build process.If all goeswell, this will generatethreeversionsof the library, for the ATmega48,
ATmega168,ATmega328P,ATmega324PA,ATmega644P,andATmega1284P.If you seeerrors,it is likely thatavr-gcc
was installed improperly or in a way that is incompatible with the Makefile.

Compiling the Pololu AVR Library from the command prompt in Windows.
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5. Installation of the Pololu AVR Library
Automatic installation
Theautomaticinstallationinstallsall PololuAVR Library files in thelocationof youravr-gccinstallation.This is doneby
running install.bat or by openinga commandpromptandtyping ÒmakeinstallÓ,which will put the libraryÕs*.a files
and header files in the appropriate WinAVR directories.

Windows Vista: right click oninstall.bat and select ÒRun as administratorÓ.

If the automaticinstallationworks,you canproceedto Section6 to try out someexampleprograms.You canalsofind
ready-to-runexampleAVR Studioprojectsin theexamplesdirectoryof thelibrary download:libpololu-avr\examples .
Thereareexamplespreconfiguredfor all six microcontrollerssupportedby this library, soyou shouldusetheappropriate
onesfor your particularmicrocontroller.For informationon using the Pololu AVR library in your own programs(e.g.
configuring AVR Studio projects to use the library), please seeSection 7.

Manual installation (if necessary)
Determine the location of your avr-gcc files. In Windows, they will usually be in a folder such as:
C:\WinAVR-20080610\avr . In Linux, the avr-gcc files are probably located in/usr/avr .

If you currentlyhaveanolderversionof thePololuAVR Library, your first stepshouldbeto deleteall of theold include
files and thelibpololu.a file or libpololu_atmegax.a files that you installed previously.

Next, copy libpololu_atmega48.a , libpololu_atmega168.a , libpololu_atmega328p.a , libpololu_atmega324p.a ,
libpololu_atmega644p.a , and libpololu_atmega1284p.a into the lib subdirectory of your avr directory (e.g.
C:\WinAVR-20080610\avr\lib ). Notethat thereis alsoa lib subdirectorydirectly belowthemainWinAVR directory;it
will notwork to put the libpololu_atmegaX.a files here.Thesesix library files representseparatecompilationsfor thesix
differentAVR microcontrollersfoundonourOrangutansand3pi robot.Whenyoumakeyourownprojects,youwill need
to use the appropriate library for your particular microcontroller.

Finally, copy the entirepololu subfolderinto the include subfolder.The Pololu includefiles shouldnow be locatedin
avr\include\pololu .
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The Pololu AVR Library header files, installed correctly.

You arenow readyto usethe Pololu AVR library. The next sectionprovidesexampleprogramsthat arealreadysetup
to usethe library. For informationon usingthePololuAVR library in your own programs(e.g.configuringAVR Studio
projects to use the library), please seeSection 7.
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6. Example programs
6.a.Example program - AVR Studio
A verysimpledemoprogramfor theOrangutanor 3pi is availablein thefolderexamples\atmegaXXX\simple-test , where
atmegaXXX is the model of the microcontroller on your board.

Double-clickon thefile test.aps , andtheprojectshouldopenautomaticallyin AVR Studio,showinga C file thatusesa
few basic commands from the Pololu AVR Library:

AVR Studio showing the sample program.
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To compilethisprogram,selectBuild > Build or pressF7. Look for warningsanderrors(indicatedby yellow andreddots)
in theoutputdisplayedbelow.If theprogramcompilessuccessfully,themessageÒBuildsucceededwith 0 WarningsÉÓ
will appear at the end of the output, and a filetest.hex will have been created in thesimple-test\default folder.

AVR Studio build window, compiling the example project.

Connectyourprogrammerto yourcomputerandyourOrangutanboardor 3pi robot,andturnon thetargetÕspower.If you
areusingaPololuprogramer,its LEDswill giveyou feedbackasto whetherit hasagoodconnectionto thetarget(seethe
programmerÕs userÕs guide for more information).

SelectTools > Program AVR > Connect to connectto the programmer.If you areusinga Pololu programmer,select
ÒAVRISPÓ and ÒAutoÓ. When you click the ÒConnectÓ button, the AVRISP programming window should appear.

You will useAVRISPto loadtest.hex into theflashmemoryof yourAVR. To dothis,click Ò...Óin theFlashsectionand
selectfile test.hex that wascompiledearlier.Note that you haveto first navigateto your projectdirectory! Now click
ÒProgramÓ in the Flash section, and the test code should be loaded onto your Orangutan or 3pi.
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Programming the Orangutan from AVR Studio.

If yourcontrollerwassuccessfullyprogrammedandyounotusingaBabyOrangutan,youshouldhearashorttune,seethe
messageÒHello!Óon theLCD (if oneis presentandthecontrastis setcorrectly),andtheLEDs on theboardshouldblink.
If you are using a Baby Orangutan B, you will just see the red user LED blink.

In caseyou arehaving troubleperformingthe compilation,precompiledhex files for this exampleandall of the other
examplesincludedwith theC/C++ library areavailablein examples\ processor\hex_files . You canloadthesehexfiles
onto your controller using AVR Studio as described above.

6.b.Example program - Linux
A simple demo programis suppliedin the directory examples/ atmegaXXX/ simple-test/ , where atmegaXXX is the
processor on your board.

Changeto this directoryandinspectthe Makefile. Dependingon your system,you may needto updatethe pathsto the
avr-gccbinariesandthedevicefor your programmer.Then,you shouldbeableto compiletheexamplewith make, which
should generate the output like this as it compiles the source code:
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Compiling the test program under Linux.

If makecompletedsuccessfully,connectyour programmerto your computerandyour Orangutanboardor 3pi robot,and
turn on the targetÕspower.The greenstatusLED closeto the USB connectorshouldbe on, while the other two LEDs
shouldbeoff, indicatingthattheprogrammeris ready.Typemake program to loadtheprogramontotheOrangutanor 3pi.
If your programmeris installedon a port otherthan /dev/ ttyUSB0 (for exampleif you areusingthenewerPololuUSB
AVR Programmer) you will have to edit the Makefile and enter the correct port.
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Programming the Orangutan with avrdude under Linux.

If yourcontrollerwassuccessfullyprogrammedandyouarenotusingaBabyOrangutan,youshouldhearashorttune,see
themessageÒHello!Óon theLCD (if oneis presentandthecontrastis setcorrectly),andtheLEDs on theboardshould
blink. If you are using a Baby Orangutan, you will just see the red user LED blink.

6.c.Orangutan Analog Input Functions
Overview
This sectionof the library providesa setof methodsthat canbeusedto readanalogvoltageinputs,aswell asfunctions
specificallydesignedto readthevalueof thetrimmerpotentiometer(on the3pi Robot [http://www.pololu.com/catalog/product/

975], Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan LV-168 [http://www.pololu.com/catalog/product/775],
Orangutan SVP[http://www.pololu.com/catalog/product/1325] and Baby Orangutan B [http://www.pololu.com/catalog/product/

1220]), thevalueof the temperaturesensorin tenthsof a degreeF or C (on theOrangutanLV-168 only), andthebattery
voltage (3pi robot, SV-xx8, or SVP).

C++ users: See Section 5.a of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J17] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Complete documentationof the functions can be found in Section 2 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].
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Usage Examples
This library comeswith two examplesin libpololu-avr\examples . TheOrangutanMotorsexamplesalsomakelimited
use of this section.

1. analog1
Demonstrateshow you canusethemethodsin this library to readtheanalogvoltageof the trimmerpotentiometerin the
backgroundwhile the restof your codeexecutes.If the ADC is free, the programstartsa conversionon the TRIMPOT
analoginput (channel7 on all devicesexceptthe SVP), and then it proceedsto executethe restof the codein loop()
while theADC hardwareworks.Polling of theanalog_is_converting()methodallowstheprogramto determinewhenthe
conversionis completeandto updateits notionof thetrimpot valueaccordingly.Feedbackis givenvia thereduserLED,
whose brightness is made to scale with the trimpot position.

On the OrangutanSVP, this examplecodewill work, but it is not the recommendedway of readingthe trimpot. The
trimpot readingandaveragingis doneontheauxiliaryprocessor,soasimpleavg=analog_read(TRIMPOT); is sufficientto
get thevalueof thetrimpot andwill not burdentheCPUsignificantly.You can,however,changethechannelnumberin
thecodebelowfrom TRIMPOT to a channelnumberfrom 0 to 7 in orderto measureoneof theeightanalogportson the
AVR.

#include <pololu/orangutan.h>

/*
* analog1: for the Orangutan LV/SV-xx8 or Baby Orangutan B
*
* This example uses the OrangutanAnalog functions to read the voltage
* output of the trimpot in the background while the rest of the main
* loop executes.  The LED is flashed so that its brightness appears
* proportional to the trimpot position.  This example will work on
* both the Orangutan LV/SV-xx8 and Baby Orangutan B.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

unsigned int sum;
unsigned int avg;
unsigned char samples;

int main()
{

set_analog_mode(MODE_8_BIT);    // 8-bit analog-to-digital conversions
sum = 0;
samples = 0;
avg = 0;
start_analog_conversion(TRIMPOT);  // start initial conversion

while(1)
{

if (!analog_is_converting())     // if conversion is done...
{

sum += analog_conversion_result();  // get result
start_analog_conversion(TRIMPOT);   // start next conversion
if (++samples == 20)           // if 20 samples have been taken...
{

avg = sum / 20;             // compute 20-sample average of ADC result
samples = 0;
sum = 0;

}
}

// when avg  0, the red LED is almost totally off.
// when avg  255, the red LED is almost totally on.
// brightness should scale approximately linearly in between.
red_led(0);                 // red LED off
delay_us(256 Ð avg);
red_led(1);                 // red LED on
delay_us(avg+1);
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}
}

2. analog2
Intendedfor useon theOrangutanLV-168. Notethatit will runon the3pi robotandOrangutanSV-xx8,but thedisplayed
temperaturewill be incorrect as the analoginput connectedto the temperaturesensoron the OrangutanLV-168 is
connectedto 2/3rdsof the batteryvoltageon the 3pi and to 1/3rd of the batteryvoltageon the OrangutanSV-xx8. It
displaysontheLCD thetrimmerpotentiometeroutputin millivolts andthetemperaturesensoroutputin degreesFarenheit.
If you hold a finger on the undersideof the OrangutanLV-168ÕsPCB nearthe centerof the board,you shouldseethe
temperature reading slowly start to rise. Be careful not to zap the board with electrostatic discharge if you try this!

#include <pololu/orangutan.h>

/*
* analog2: for the Orangutan LV/SV-xx8
*
* This example uses the OrangutanAnalog functions to read the voltage
* output of the trimpot (in millivolts) and to read the Orangutan
* LV-168's temperature sensor in degrees Farenheit.  These values are
* printed to the LCD 10 times per second.  This example is intended
* for use with the Orangutan LV/SV-xx8 only.
*
* You should see the trimpot voltage change as you turn it, and you can
* get the temperature reading to slowly increase by holding a finger on the
* underside of the Orangutan LV/SV-xx8's PCB near the center of the board.
* Be careful not to zap the board with electrostatic discharge if you
* try this!
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

set_analog_mode(MODE_10_BIT); // 10-bit analog-to-digital conversions

while(1)                      // run over and over again
{

lcd_goto_xy(0,0);           // LCD cursor to home position (upper-left)
print_long(to_millivolts(read_trimpot()));  // trimpot output in mV
print(" mV  ");             // added spaces are to overwrite left over chars

lcd_goto_xy(0, 1);          // LCD cursor to start of the second line

unsigned int temp = read_temperature_f();  // get temp in tenths of a degree F
print_long(temp/10);             // get the whole number of degrees
print_character('.');            // print the decimal point
print_long(temp - (temp/10)*10); // print the tenths digit
print_character(223);       // print a degree symbol
print("F  ");               // added spaces are to overwrite left over chars

delay_ms(100);              // wait for 100 ms (otherwise LCD flickers too much)
}

}

6.d.Orangutan Buzzer Control Functions
Overview
Thesefunctionsallow youto easilycontrolthebuzzeronthe3pi robot [http://www.pololu.com/catalog/product/975], Orangutan
SV [http://www.pololu.com/catalog/product/1227], Orangutan SVP[http://www.pololu.com/catalog/product/1325] and Orangutan
LV-168 [http://www.pololu.com/catalog/product/775] . You havetheoptionof playingeitheranoteor a frequencyfor aspecified
durationat a specifiedvolume,or you canusethe play() methodto play an entiremelody in the background.Buzzer
control is achievedusingoneof the Timer 1 PWM outputs,anddurationtiming is performedusinga Timer 1 overflow
interrupt.
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Note: TheOrangutanServosandOrangutanBuzzerlibrariesbothuseTimer 1, so theywill conflict with each
other and any other code that relies on or reconfigures Timer 1.

This library is incompatiblewith someolderreleasesof WinAVR. If you experienceanyproblemswhenusing
this library, makesurethat your copy of the compiler is up-to-date.We know that it works with WinAVR
20080610.

Thebenefitto thisapproachis thatyoucanplaynoteson thebuzzerwhile leavingtheCPUmostlyfreeto executetherest
of yourcode.Thismeansyoucanhaveamelodyplayingin thebackgroundwhile yourOrangutandoesits maintask.You
can poll theisPlaying()method to determine when the buzzer is finished playing.

C++ users: See Section 5.b of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J17] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Complete documentationof the functions can be found in Section 3 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Usage Examples
This library comes with three examples inlibpololu-avr\examples .

1. buzzer1
Demonstratesone way to use this libraryÕsplay_note() methodto play a simple melody storedin RAM. It should
immediatelystartplayingthemelody,andyoucanusethetopuserpushbuttonto stopandreplaythemelody.Theexample
is structuredsothatyoucanaddyourowncodeto themainloopandthemelodywill still playnormallyin thebackground,
assumingyourcodeexecutesquickly enoughto avoidinsertingdelaysbetweenthenotes.You canusethissametechnique
to play melodiesthathavebeenstoredin EEPROM(themega168hasenoughroomin EEPROMto store170notes;the
mega328 has enough room in EEPROM to store 340 notes).

#include <pololu/orangutan.h>
/*

* buzzer1:
*
* This example uses the OrangutanBuzzer library to play a series of notes
* on the Orangutan's/3pi's buzzer.  It also uses the OrangutanLCD library
* to display the notes its playing, and it uses the OrangutanPushbuttons
* library to allow the user to stop/reset the melody with the top
* pushbutton.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

#define MELODY_LENGTH 95

// These arrays take up a total of 285 bytes of RAM (out of a 1k limit)
unsigned char note[MELODY_LENGTH] =
{

E(5), SILENT_NOTE, E(5), SILENT_NOTE, E(5), SILENT_NOTE, C(5), E(5),
G(5), SILENT_NOTE, G(4), SILENT_NOTE,

C(5), G(4), SILENT_NOTE, E(4), A(4), B(4), B_FLAT(4), A(4), G(4),
E(5), G(5), A(5), F(5), G(5), SILENT_NOTE, E(5), C(5), D(5), B(4),

C(5), G(4), SILENT_NOTE, E(4), A(4), B(4), B_FLAT(4), A(4), G(4),
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E(5), G(5), A(5), F(5), G(5), SILENT_NOTE, E(5), C(5), D(5), B(4),

SILENT_NOTE, G(5), F_SHARP(5), F(5), D_SHARP(5), E(5), SILENT_NOTE,
G_SHARP(4), A(4), C(5), SILENT_NOTE, A(4), C(5), D(5),

SILENT_NOTE, G(5), F_SHARP(5), F(5), D_SHARP(5), E(5), SILENT_NOTE,
C(6), SILENT_NOTE, C(6), SILENT_NOTE, C(6),

SILENT_NOTE, G(5), F_SHARP(5), F(5), D_SHARP(5), E(5), SILENT_NOTE,
G_SHARP(4), A(4), C(5), SILENT_NOTE, A(4), C(5), D(5),

SILENT_NOTE, E_FLAT(5), SILENT_NOTE, D(5), C(5)
};

unsigned int duration[MELODY_LENGTH] =
{

100, 25, 125, 125, 125, 125, 125, 250, 250, 250, 250, 250,

375, 125, 250, 375, 250, 250, 125, 250, 167, 167, 167, 250, 125, 125,
125, 250, 125, 125, 375,

375, 125, 250, 375, 250, 250, 125, 250, 167, 167, 167, 250, 125, 125,
125, 250, 125, 125, 375,

250, 125, 125, 125, 250, 125, 125, 125, 125, 125, 125, 125, 125, 125,

250, 125, 125, 125, 250, 125, 125, 200, 50, 100, 25, 500,

250, 125, 125, 125, 250, 125, 125, 125, 125, 125, 125, 125, 125, 125,

250, 250, 125, 375, 500
};

unsigned char currentIdx;

int main()                    // run once, when the sketch starts
{

currentIdx = 0;
print("Music!");

while(1)                     // run over and over again
{

// if we haven't finished playing the song and
// the buzzer is ready for the next note, play the next note
if (currentIdx < MELODY_LENGTH && !is_playing())
{

// play note at max volume
play_note(note[currentIdx], duration[currentIdx], 15);

// optional LCD feedback (for fun)
lcd_goto_xy(0, 1);                           // go to start of the second LCD line
if(note[currentIdx] != 255) // display blank for rests

print_long(note[currentIdx]);  // print integer value of the current note
print("  ");                            // overwrite any left over characters
currentIdx++;

}

// Insert some other useful code here...
// the melody will play normally while the rest of your code executes
// as long as it executes quickly enough to keep from inserting delays
// between the notes.

// For example, let the top user pushbutton function as a stop/reset melody button
if (button_is_pressed(TOP_BUTTON))
{

stop_playing(); // silence the buzzer
if (currentIdx < MELODY_LENGTH)

currentIdx = MELODY_LENGTH;        // terminate the melody
else

currentIdx = 0;                    // restart the melody
wait_for_button_release(TOP_BUTTON);  // wait here for the button to be released

}
}

return 0;
}
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2. buzzer2
Demonstrateshow you canusethis libraryÕsplay() functionto starta melodyplaying.Oncestarted,themelodywill play
all theway to theendwith no furtheractionrequiredfrom your code,andtherestof your programwill executeasnormal
while the melodyplaysin the background.The play() function is driven entirely by the Timer1 overflow interrupt.The
top userpushbuttonwill play a fugueby Bachfrom programmemory,themiddleuserpushbuttonwill quietly play theC
majorscaleup andbackdownfrom RAM, andthebottomuserpushbuttonwill stopanymelodythat is currentlyplaying
or play a single note if the buzzer is currently inactive.

#include <pololu/orangutan.h>

/*
* buzzer2:
*
* This example uses the OrangutanBuzzer functions to play a series of notes
* on the Orangutan's/3pi's buzzer.  It uses the OrangutanPushbuttons
* library to allow the user select which melody plays.
*
* This example demonstrates the use of the play() method,
* which plays the specified melody entirely in the background, requiring
* no further action from the user once the method is called.  The CPU
* is then free to execute other code while the melody plays.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

#include <avr/pgmspace.h>  // this lets us refer to data in program space (i.e. flash)
// store this fugue in program space using the PROGMEM macro.
// Later we will play it directly from program space, bypassing the need to load it
// all into RAM first.
const char fugue[] PROGMEM =

"! O5 L16 agafaea dac+adaea fa<aa<bac#a dac#adaea f"
"O6 dcd<b-d<ad<g d<f+d<gd<ad<b- d<dd<ed<f+d<g d<f+d<gd<ad"
"L8 MS <b-d<b-d MLe-<ge-<g MSc<ac<a ML d<fd<f O5 MS b-gb-g"
"ML >c#e>c#e MS afaf ML gc#gc# MS fdfd ML e<b-e<b-"
"O6 L16ragafaea dac#adaea fa<aa<bac#a dac#adaea faeadaca"
"<b-acadg<b-g egdgcg<b-g <ag<b-gcf<af dfcf<b-f<af"
"<gf<af<b-e<ge c#e<b-e<ae<ge <fe<ge<ad<fd"
"O5 e>ee>ef>df>d b->c#b->c#a>df>d e>ee>ef>df>d"
"e>d>c#>db>d>c#b >c#agaegfe f O6 dc#dfdc#<b c#4";

void loop()                     // run over and over again
{

// wait here for one of the three buttons to be pushed
unsigned char button = wait_for_button(ALL_BUTTONS);
clear();

if (button  TOP_BUTTON)
{

play_from_program_space(fugue);

print("Fugue!");
lcd_goto_xy(0, 1);
print("flash ->");

}
if (button  MIDDLE_BUTTON)
{

play("! V8 cdefgab>cbagfedc");
print("C Major");
lcd_goto_xy(0, 1);
print("RAM ->");

}
if (button == BOTTOM_BUTTON)
{

if (is_playing())
{

stop_playing();
print("stopped");

}
else
{

play_note(A(5), 200, 15);
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print("note A5");
}

}
}

int main()                    // run once, when the program starts
{

print("Press a");
lcd_goto_xy(0, 1);
print("button..");

while(1)
loop();

return 0;
}

3. buzzer3
Demonstratestheuseof this libraryÕsplayMode()andplayCheck()methods.In thisexample,automaticplaymodeis used
to allow themelodyto keepplayingwhile it blinksthereduserLED. Thenthemodeis switchedto play-checkmodeduring
aphasewherewearetrying to accuratelymeasuretime.Therearethree#definemacrosthatallow you to run thisexample
in different ways and observe the result. Please see the comments at the top of the sketch for more detailed information.

#include <pololu/orangutan.h>

/*
* buzzer3:
*
* This example uses the OrangutanBuzzer functions to play a series of notes
* on the Orangutan's/3pi's buzzer.  It uses the OrangutanPushbuttons
* functions to allow the user select which melody plays.
*
* This example demonstrates the use of the play_mode()
* and play_check() methods, which allow you to select
* whether the melody sequence initiated by play() is
* played automatically in the background by the Timer1 interrupt, or if
* the play is driven by the play_check() method in your main loop.
*
* Automatic play mode should be used if your code has a lot of delays
* and is not time critical.  In this example, automatic mode is used
* to allow the melody to keep playing while we blink the red user LED.
*
* Play-check mode should be used during parts of your code that are
* time critical.  In automatic mode, the Timer1 interrupt is very slow
* when it loads the next note, and this can delay the execution of your.
* Using play-check mode allows you to control when the next note is
* loaded so that it doesn't occur in the middle of some time-sensitive
* measurement.  In our example we use play-check mode to keep the melody
* going while performing timing measurements using Timer2.  After the
* measurements, the maximum time measured is displayed on the LCD.
*
* Immediately below are three #define statements that allow you to alter
* the way this program runs.  You should have one of the three lines
* uncommented while commenting out the other two:
*
* If only WORKING_CORRECTLY is uncommented, the program should run in its
* ideal state, using automatic play mode during the LED-blinking phase
* and using play-check mode during the timing phase.  The maximum recorded
* time should be 20, as expected.
*
* If only ALWAYS_AUTOMATIC is uncommented, the program will use automatic
* play mode during both the LED-blinking phase and the timing phase.  Here
* you will see the effect this has on the time measurements (instead of 20,
* you should see a maximum reading of around 27 or 28).
*
* If only ALWAYS_CHECK is uncommented, the program will be in play-check
* mode during both the LED-blinking phase and the timing phase.  Here you
* will see the effect that the LED-blinking delays have on play-check
* mode (the sequence will be very choppy while the LED is blinking, but
* sound normal during the timing phase).  The maximum timing reading should
* be 20, as expected.
*
* http://www.pololu.com/docs/0J20
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* http://www.pololu.com
* http://forum.pololu.com
*/

// *** UNCOMMENT ONE OF THE FOLLOWING PRECOMPILER DIRECTIVES ***
// (the remaining two should be commented out)
#define WORKING_CORRECTLY    // this is the right way to use playMode()
//#define ALWAYS_AUTOMATIC   // playMode() is always PLAY_AUTOMATIC (timing is inaccurate)
//#define ALWAYS_CHECK       // playMode() is always PLAY_CHECK (delays interrupt the sequence)

#include <avr/pgmspace.h>
const char rhapsody[] PROGMEM = "O6 T40 L16 d#<b<f#<d#<f#<bd#f#"

"T80 c#<b-<f#<c#<f#<b-c#8"
"T180 d#b<f#d#f#>bd#f#c#b-<f#c#f#>b-c#8 c>c#<c#>c#<b>c#<c#>c#c>c#<c#>c#<b>c#<c#>c#"
"c>c#<c#>c#<b->c#<c#>c#c>c#<c#>c#<b->c#<c#>c#"
"c>c#<c#>c#f>c#<c#>c#c>c#<c#>c#f>c#<c#>c#"
"c>c#<c#>c#f#>c#<c#>c#c>c#<c#>c#f#>c#<c#>c#d#bb-bd#bf#d#c#b-ab-c#b-f#d#";

int main()
{

TCCR2A = 0;         // configure timer2 to run at 78 kHz
TCCR2B = 0x06;      // and overflow when TCNT2 = 256 (~3 ms)
play_from_program_space(rhapsody);

while(1)
{

// allow the sequence to keep playing automatically through the following delays
#ifndef ALWAYS_CHECK

play_mode(PLAY_AUTOMATIC);
#else

play_mode(PLAY_CHECK);
#endif

lcd_goto_xy(0, 0);
print("blink!");
int i;
for (i = 0; i < 8; i++)
{

#ifdef ALWAYS_CHECK
play_check();

#endif
red_led(1);
delay_ms(500);
red_led(0);
delay_ms(500);

}

lcd_goto_xy(0, 0);
print("timing");
lcd_goto_xy(0, 1);
print("        ");    // clear bottom LCD line
// turn off automatic playing so that our time-critical code won't be interrupted by
// the buzzer's long timer1 interrupt.  Otherwise, this interrupt could throw off our
// timing measurements.  Instead, we will now use playCheck() to keep the sequence
// playing in a way that won't throw off our measurements.

#ifndef ALWAYS_AUTOMATIC
play_mode(PLAY_CHECK);

#endif
unsigned char maxTime = 0;
for (i = 0; i < 8000; i++)
{

TCNT2 = 0;
while (TCNT2 < 20)    // time for ~250 us

;
if (TCNT2 > maxTime)

maxTime = TCNT2;    // if the elapsed time is greater than the previous max, save it
#ifndef ALWAYS_AUTOMATIC

play_check();   // check if it's time to play the next note and play it if so
#endif

}
lcd_goto_xy(0, 1);
print("max=");
print_long((unsigned int)maxTime);
print(" ");  // overwrite any left over characters

}

return 0;
}
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6.e.Orangutan Digital I/O Functions
Overview
Thissectionof thelibrary providescommandsfor usingtheAVRÕspinsasgenericdigital inputsandoutputs.Everypin on
theAVR thathasanamestartingwith P,followedby a letterandnumber(e.g.PC2)canbeconfiguredasadigital inputor
digital output. Theprogramrunningon theAVR canchangetheconfigurationof thesepinson thefly usingthefunctions
in this library.

Complete documentationof these functions can be found in Section 4 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Digital outputs
Whena pin is configuredasa digital output,theAVR is eitherdriving it low (0 V) or high (5 V). This meansthatthepin
hasastrongelectricalconnectionto either0 V (GND) or 5 V (VCC).An outputpin canbeusedto senddatato aperipheral
device or supply a small amount of power (for example, to light an LED).

Digital inputs
Whena pin is configuredasa digital input, theAVR canreadthevoltageon thepin. Thereadingis alwayseitherlow (0)
or high (1). Basically,a low readingmeansthat the voltageis closeto 0 V, while a high readingmeansthat the voltage
is closeto 5 V (seethe DC characteristicssectionof your AVRÕsdatasheetfor details).Note that whenwe talk about
absolute voltages in this document, we are assuming that the voltage of the ground (GND) line is defined to be 0V.

EveryI/O pin on theAVR comeswith aninternal20Ð50kilo-ohmpull-up resistorthatcanbeenabledor disabled.A pull-
up resistoris a resistorwith a relativelyhigh resistancethatconnectsbetweena pin andthe5 V supply(VCC). If nothing
is driving thepin strongly,thenthepull-up resistorwill pull thevoltageon thepin up to 5 V. Pull-upresistorsareuseful
for ensuringthatyour input pin reachesa well-knownstatewhennothingis connectedto it. If your input pin hasnothing
connectedto it andthepull-up resistoris disabled,thenit is calleda floatingpin. In general,it is not recommendedto take
a digital reading on a floating pin, because the reading will be unpredictable.

An input pin can be used to read data from a sensor or other peripheral.

When the AVR powers up, all I/O pins are configured as inputs with their pull-up resistors disabled.

Caveats
To use your digital I/O pins correctly and safely, there are several things you should be aware of:

¥ Maximum voltageratings: Be sureto not exposeyour input pins to voltagesoutsidetheir allowedrange,which
is -0.5V Ð5.5V (assumingaVCC of 5 V). Forexample,donotconnectanyAVR pinsdirectly to anRS-232output,
which varies between -12V and 12V. You can use a voltage divider circuit to overcome this limitation.

¥ Drawing too much current from an output pin: Besureyoudonotattemptto drawtoomuchcurrentfrom your
outputpin; it may break.Basically,eachoutputpin cansupplyup to 20mA of current(seethe DC characteristics
sectionof your AVRÕsdatasheetfor details).This is enoughto powertypical LEDs, but is too small for manyother
devices. You can use a transistor to overcome this limitation.

¥ Shorts: Be surethat you do not connecta high outputpin to a low outputpin. This connectionis calleda short
becauseit resultsin a low-resistancepathfrom VCC to groundwhich will conductlargeamountsof currentuntil
something breaks.

¥ Alternative functions: Many of the pins on the AVR havealternativefunctions.If thesealternatefunctionsare
enabled,thenthefunctionsin this library maynotwork onthosepins.Forexample,if youhaveenabledUART0, then
you can not control the output value on PD1 using these functions because PD1 serves as the serial transmit line.

Usage Example
This library comes with an example inlibpololu-avr\examples .
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1. digital1
This exampleprogramtakesa digital readingon PC1,andusesthat readingto decidewhetherto drive pin PD1(the red
LED pin) low or high. You cantest that the exampleis working by connectinga wire from PC1to ground.Whenthe
connection is made the red LED should change state.

#include <pololu/orangutan.h>

/*
* digital1: for the Orangutan controllers and 3pi robot
*
* This example uses the OrangutanDigital functions to read a digital
* input and set a digital output.  It takes a reading on pin PC1, and
* provides feedback about the reading on pin PD1 (the red LED pin).
* If you connect a wire between PC1 and ground, you should see the
* red LED change state.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

// Make PC1 be an input with its internal pull-up resistor enabled.
// It will read high when nothing is connected to it.
set_digital_input(IO_C1, PULL_UP_ENABLED);

while(1)
{

if(is_digital_input_high(IO_C1))     // Take digital reading of PC1.
{

set_digital_output(IO_D1, HIGH); // PC1 is high, so drive PD1 high.
}
else
{

set_digital_output(IO_D1, LOW);  // PC1 is low, so drive PD1 low.
}

}
}

6.f. Orangutan LCD Control Functions
Overview
This section of the library gives you the ability to control the 8x2 character LCD on the 3pi
Robot [http://www.pololu.com/catalog/product/975], Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan
SVP[http://www.pololu.com/catalog/product/1325], and Orangutan LV-168 [http://www.pololu.com/catalog/product/775]. It
implementsthe standard4-bit HD44780protocol,andit usesthe busy-wait-flagfeatureto avoid the unnecessarilylong
delayspresentin other4-bit LCD control libraries.This comprehensivelibrary is meantto offer asmuchLCD controlas
possible,so it mostlikely givesyou moremethodsthanyou need.Makesureto usethe linker option -Wl,-gc-sections

whencompiling your code,so that theseextra functionswill not be includedin your hex file. SeeSection7 for more
information.

This library is designedto gracefullyhandlealternateuseof the four LCD datalines. It will changetheir datadirection
registersandoutputstatesonly whenneededfor anLCD command,afterwhich it will immediatelyrestoretheregistersto
their previous states. This allows the LCD data lines to additionally function as pushbutton inputs and an LED driver.

C++ users: See Section 5.c of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J17] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Completedocumentationof this libraryÕsmethodscanbe found in Section5 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].
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Usage Examples
This library comes with two examples inlibpololu-avr\examples .

1. lcd1
Demonstrates shifting the contents of the display by moving the word ÒHelloÓ around the two lines of the LCD.

#include <pololu/orangutan.h>

/*
* lcd1: for the Orangutan controllers and 3pi robot
*
* This example uses the OrangutanLCD library to display things on the LCD.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

while(1)
{

print("Hello");           // display "Hello" at (0, 0), a.k.a. upper-left
delay_ms(200);
lcd_scroll(LCD_RIGHT, 3, 200);// shift the display right every 200ms three times
clear();                  // clear the LCD
lcd_goto_xy(3, 1);             // go to the fourth character of the second LCD line
print("Hello");           // display "Hello" at (3, 1), a.k.a. lower-right
delay_ms(200);
lcd_scroll(LCD_LEFT, 3, 200); // shift the display left every 200ms three times
clear();                  // clear the LCD

}

return 0;
}

1. lcd2
Demonstratescreatinganddisplayingcustomcharacterson theLCD. Thefollowing pictureshowsanexampleof custom
characters, using them to display a bar graph of sensor readings and a smiley face:

#include <pololu/orangutan.h>

// get random functions
#include <stdlib.h>

/*
* lcd2: for the Orangutan controllers and 3pi robot
*
* This example uses the OrangutanLCD functions to display custom
* characters on the LCD.  Simply push a any user pushbutton to
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* display a new, randomly chosen, custom mood character.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

// define some custom "mood" characters
#include <avr/pgmspace.h>  // this lets us refer to data in program space (i.e. flash)
const char happy[] PROGMEM = {

0b00000,                 // the five bits that make up the top row of the 5x8 character
0b01010,
0b01010,
0b01010,
0b00000,
0b10001,
0b01110,
0b00000

};

const char sad[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b00000

};

const char indifferent[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b00000,
0b01110,
0b00000

};

const char surprised[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b10001,
0b01110

};

const char mocking[] PROGMEM = {
0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b11111,
0b00101,
0b00010

};

char prevMood = 5;

int main()
{

lcd_load_custom_character(happy, 0);
lcd_load_custom_character(sad, 1);
lcd_load_custom_character(indifferent, 2);
lcd_load_custom_character(surprised, 3);
lcd_load_custom_character(mocking, 4);
clear();                  // this must be called before we can use the custom characters
print("mood: ?");

// initialize the random number generator based on how long they hold the button the first time

Pololu AVR C/C++ Library User's Guide © 2001Ð2010 Pololu Corporation

6. Example programs Page 25 of 47



wait_for_button_press(ALL_BUTTONS);
long seed = 0;
while(button_is_pressed(ALL_BUTTONS))

seed++;
srandom(seed);

while(1)
{

lcd_goto_xy(6, 0);             // move cursor to the correct position

char mood;
do
{

mood = random()%5;
} while (mood == prevMood);   // ensure we get a new mood that differs from the previous
prevMood = mood;

print_character(mood);   // print a random mood character
wait_for_button(ALL_BUTTONS);   // wait for any button to be pressed

}

return 0;
}

6.g.Orangutan LED Control Functions
Overview
Thesefunctionsallow you to easily control the userLED(s) on the 3pi Robot [http://www.pololu.com/catalog/product/975],
Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan SVP[http://www.pololu.com/catalog/product/1325],
Orangutan LV-168 [http://www.pololu.com/catalog/product/775], and Baby Orangutan B [http://www.pololu.com/catalog/product/

1220]. On theOrangutanSV-xx8andLV-168, therearetwo userLEDsareon thetopsideof thePCBwith theredLED on
thebottomleft andthegreenLED onthetopright. Onthe3pi, therearetwo userLEDsonthebottomsideof thePCBwith
theredLED on theright (whenlooking at thebottom)andthegreenLED on theleft. Additional LEDs includedwith the
3pi maybesolderedin on thetop side(in parallelwith thesurface-mountLEDs on theunderside)for easierviewing.The
OrangutanSVPhastwo userLEDs: a redLED on thebottomright anda greenLED on thetop left. TheBabyOrangutan
has a single red LED and no green LED.

Note that the red LED is on the samepin asthe UART0 serial transmitter(PD1),so if you areusingUART0 for serial
transmissionthen the red LED commandswill not work, andyou will seethe red LED blink briefly wheneverdatais
transmittedon UART0. Note that the greenLED is on the samepin asan LCD control pin; the greenLED will blink
briefly whenever data is sent to the LCD, but the two functions will otherwise not interfere with each other.

C++ users: See Section 5.d of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J17] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Completedocumentationof thesefunctions can be found in Section 10 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

This library comes with an example program inlibpololu-avr\examples .

1. led1
A simple example that blinks LEDs.

#include <pololu/orangutan.h>

/*
* led1: for the 3pi robot, Orangutan LV 168, Orangutan SV-xx8, Orangutan SVP,
*   or Baby Orangutan B
*
* This program uses the OrangutanLEDs functions to control the red and green
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* LEDs on the 3pi robot or Orangutan.  It will also work to control the red
* LED on the Baby Orangutan B (which lacks a second, green LED).
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

while(1)
{

red_led(1);               // red LED on
delay_ms(1000);           // waits for a second
red_led(0);               // red LED off
delay_ms(1000);           // waits for a second
green_led(1);             // green LED on (will not work on the Baby Orangutan)
delay_ms(500);            // waits for 0.5 seconds
green_led(0);             // green LED off (will not work on the Baby Orangutan)
delay_ms(500);            // waits for 0.5 seconds

}

return 0;
}

6.h.Orangutan Motor Control Functions
Overview
This set of functionsgives you the ability to control the motor drivers on the 3pi Robot [http://www.pololu.com/catalog/

product/975], Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan SVP[http://www.pololu.com/catalog/product/

1325], Orangutan LV-168 [http://www.pololu.com/catalog/product/775], and Baby Orangutan B [http://www.pololu.com/catalog/

product/1220]. It accomplishesthis by using the four hardwarePWM outputsfrom timers Timer0 and Timer2, so this
library will conflict with any other libraries that rely on or reconfigure Timer0 or Timer2 .

C++ users: See Section 5.e of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J17] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Complete documentationof these functions can be found in Section 7 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Usage Examples
This library comes with two examples inlibpololu-avr\examples .

1. motors1
Demonstrates controlling the motors using the trimmer potentiometer and uses the red LED for feedback.

#include <pololu/orangutan.h>

/*
* motors1: for the Orangutan LV-168, Orangutan SV-xx8, Orangutan SVP,
*    and Baby Orangutan B
*
* This example uses the OrangutanMotors functions to drive
* motors in response to the position of user trimmer potentiometer
* and blinks the red user LED at a rate determined by the trimmer
* potentiometer position.  It uses the OrangutanAnalog library to measure
* the trimpot position, and it uses the OrangutanLEDs library to provide
* limited feedback with the red user LED.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

unsigned long prevMillis = 0;
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int main()
{

while(1)
{

// note that the following line could also be accomplished with:
// int pot = analogRead(7);
int pot = read_trimpot();    // determine the trimpot position
int motorSpeed = pot/2-256;  // turn pot reading into number between -256 and 255
if(motorSpeed == -256)

motorSpeed = -255; // 256 is out of range
set_motors(motorSpeed, motorSpeed);

int ledDelay = motorSpeed;
if(ledDelay < 0)

ledDelay = -ledDelay;  // make the delay a non-negative number
ledDelay = 256-ledDelay; // the delay should be short when the speed is high

red_led(1);       // turn red LED on
delay_ms(ledDelay);

red_led(0);       // turn red LED off
delay_ms(ledDelay);

}
}

2. motors2
Demonstratescontrollingthemotorsusingthetrimmerpotentiometer,but it usestheLCD for mostof thefeedback,so it
will not fully work on the Baby Orangutan.

#include <pololu/orangutan.h>

/*
* motors2: for the 3pi robot, Orangutan LV-168,
*    Orangutan SVP, and Orangutan SV-xx8.
*
* This example uses the OrangutanMotors and OrangutanLCD libraries to drive
* motors in response to the position of user trimmer potentiometer
* and to display the potentiometer position and desired motor speed
* on the LCD.  It uses the OrangutanAnalog library to measure the
* trimpot position, and it uses the OrangutanLEDs library to provide
* limited feedback with the red and green user LEDs.
*
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()                     // run over and over again
{

while(1)
{

// note that the following line could also be accomplished with:
// int pot = analogRead(7);
int pot = read_trimpot();  // determine the trimpot position

// avoid clearing the LCD to reduce flicker
lcd_goto_xy(0, 0);
print("pot=");
print_long(pot);               // print the trim pot position (0 - 1023)
print("  ");              // overwrite any left over digits

int motorSpeed = (512 - pot) / 2;
lcd_goto_xy(0, 1);
print("spd=");
print_long(motorSpeed);        // print the resulting motor speed (-255 - 255)
print("   ");
set_motors(motorSpeed, motorSpeed);  // set speeds of motors 1 and 2

// all LEDs off
red_led(0);
green_led(0);
// turn green LED on when motors are spinning forward
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if (motorSpeed > 0)
green_led(1);

// turn red LED on when motors are spinning in reverse
if (motorSpeed < 0)

red_led(1);
delay_ms(100);

}
}

6.i. Orangutan Pushbutton Interface Functions
Overview
This library allows you to easily interfacewith the threeuserpushbuttonson the 3pi robot [http://www.pololu.com/catalog/

product/975], Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan SVP[http://www.pololu.com/catalog/product/

1325], andOrangutan LV-168 [http://www.pololu.com/catalog/product/775] by eitherpolling for thestateof specificbuttonsor
by waiting for press/releaseeventson specifiablebuttons.Thefirst time anyfunctionin this sectionis called,thefunction
will initialize all the buttonI/O pins to be inputsandenabletheir internalpull-up resistors.The wait_for_button_É()
methods in this library automatically take care of button debouncing.

C++users:SeeSection5.f of Programming Orangutansfrom the Arduino Environment [http://www.pololu.com/docs/0J17]

for examples of this class in the Arduino environment, which is almost identical to C++.

Complete documentationof these functions can be found in Section 9 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

This library comes with an example program inlibpololu-avr\examples .

1. pushbuttons1
Demonstratesinterfacingwith theuserpushbuttons.It will wait for you to pusheitherthetopbuttonor thebottombutton,
at which point it will displayon theLCD which buttonwaspressed.It will alsodetectwhenthatbuttonis subsequently
released and display that to the LCD.

#include <pololu/orangutan.h>

/*
* OrangutanPushbuttonExample: for the Orangutan LV-168,
*   Orangutan SV-xx8, Orangutan SVP, and 3pi robot
*
* This example uses the OrangutanPushbuttons library to detect user
* input from the pushbuttons, and it uses the OrangutanLCD library to
* display feedback on the LCD.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

while(1)
{

clear();
print("Waiting");

// wait for either the top or bottom buttons to be pressed
// store the value of the pressed button in the variable 'button'
unsigned char button = wait_for_button_press(TOP_BUTTON | BOTTOM_BUTTON);
clear();
if (button == TOP_BUTTON)     // display the button that was pressed

print("top down");
else

print("bot down");
wait_for_button_release(button);  // wait for that button to be released
clear();
print("released");      // display that the button was released
delay_ms(1000);
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}
}

6.j. Orangutan Serial Port Communication Functions
Overview
This section of the library provides routines for accessing the serial port (USART) on the 3pi
robot [http://www.pololu.com/catalog/product/975], Orangutan SV [http://www.pololu.com/catalog/product/1227], Orangutan
SVP[http://www.pololu.com/catalog/product/1325], Orangutan LV-168 [http://www.pololu.com/catalog/product/775], and Baby
Orangutan B [http://www.pololu.com/catalog/product/1220].

The serial port routines normally use the USART_UDRE_vect, USART_RX_vect, USART0_UDRE_vect,
USART0_RX_vect, USART1_UDRE_vect, andUSART1_RX_vectinterrupts,so theywill conflict with anycodethat
also uses these interrupts.

On the3pi robot, Orangutan SV, Orangutan LV-168, andBaby Orangutan B, usingthesefunctionswill causethered
userLED functionsto stopworking,becausetheredLED is on thesamepin astheUART transmitter(PD1/TXD). When
theAVR is not transmittingbyteson TXD, theredLED will beon.WhentheAVR is transmittingbyteson TXD, thered
LED will flicker.

On theOrangutan SVP, usingthesefunctionsto controlUART0 will causethereduserLED functionsto stopworking,
becausetheredLED is on thesamepin astheUART0 transmitter(PD1/TXD0). WhentheAVR is not transmittingbytes
onTXD0, theredLED will beoff. WhentheAVR is transmittingbytesonTXD0, theredLED will flicker. However,the
AVR on theOrangutanSVPhastwo UARTs, so if you want to usetheredLED andyou only needoneUART thenyou
can useUART1 instead ofUART0.

Completedocumentationof this libraryÕsmethodscanbe found in Section10 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Usage Examples
Examplecodefor makingthe3pi Robotinto aserialslave,controlledby anothermicrocontroller,is givenin Section10.a
of thePololu 3pi Robot UserÕsGuide [http://www.pololu.com/docs/0J21]. This library alsocomeswith anexampleprogramin
libpololu-avr\examples :

serial1
#include <pololu/orangutan.h>

/*
* serial1: for the Orangutan controllers and 3pi robot.
*
* This example listens for bytes on PD0/RXD.  Whenever it receives a byte, it
* performs a custom action.  Whenever the user presses the middle button, it
* transmits a greeting on PD1/TXD.
*
* The Baby Orangutan does not have a green LED, LCD, or pushbuttons so
* that part of the code will not work.
*
* To make this example compile for the Orangutan SVP, you
* must add a first argument of UART0 to all the serial_*
* function calls.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

// receive_buffer: A ring buffer that we will use to receive bytes on PD0/RXD.
// The OrangutanSerial library will put received bytes in to
// the buffer starting at the beginning (receiveBuffer[0]).
// After the buffer has been filled, the library will automatically
// start over at the beginning.
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char receive_buffer[32];

// receive_buffer_position: This variable will keep track of which bytes in the receive buffer
// we have already processed.  It is the offset (0-31) of the next byte
// in the buffer to process.
unsigned char receive_buffer_position = 0;

// send_buffer: A buffer for sending bytes on PD1/TXD.
char send_buffer[32];

// wait_for_sending_to_finish:  Waits for the bytes in the send buffer to
// finish transmitting on PD1/TXD.  We must call this before modifying
// send_buffer or trying to send more bytes, because otherwise we could
// corrupt an existing transmission.
void wait_for_sending_to_finish()
{

while(!serial_send_buffer_empty());
}

// process_received_byte: Responds to a byte that has been received on
// PD0/RXD.  If you are writing your own serial program, you can
// replace all the code in this function with your own custom behaviors.
void process_received_byte(char byte)
{

switch(byte)
{

// If the character 'G' is received, turn on the green LED.
case 'G':

green_led(1);
break;

// If the character 'g' is received, turn off the green LED.
case 'g':

green_led(0);
break;

// If the character 'c' is received, play the note c.
case 'c':

play_from_program_space(PSTR("c16"));
break;

// If the character 'd' is received, play the note d.
case 'd':

play_from_program_space(PSTR("d16"));
break;

// If any other character is received, change its capitalization and
// send it back.
default:

wait_for_sending_to_finish();
send_buffer[0] = byte ^ 0x20;
serial_send(send_buffer, 1);
break;

}
}

void check_for_new_bytes_received()
{

while(serial_get_received_bytes() != receive_buffer_position)
{

// Process the new byte that has just been received.
process_received_byte(receive_buffer[receive_buffer_position]);

// Increment receive_buffer_position, but wrap around when it gets to
// the end of the buffer.
if (receive_buffer_position == sizeof(receive_buffer)-1)
{

receive_buffer_position = 0;
}
else
{

receive_buffer_position++;
}

}
}

int main()
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{
// Set the baud rate to 9600 bits per second.  Each byte takes ten bit
// times, so you can get at most 960 bytes per second at this speed.
serial_set_baud_rate(9600);

// Start receiving bytes in the ring buffer.
serial_receive_ring(receive_buffer, sizeof(receive_buffer));

while(1)
{

// Deal with any new bytes received.
check_for_new_bytes_received();

// If the user presses the middle button, send "Hi there!"
// and wait until the user releases the button.
if (button_is_pressed(MIDDLE_BUTTON))
{

wait_for_sending_to_finish();
memcpy_P(send_buffer, PSTR("Hi there!\r\n"), 11);
serial_send(send_buffer, 11);

// Wait for the user to release the button.  While the processor is
// waiting, the OrangutanSerial library will take care of receiving
// bytes using the serial reception interrupt.  But if enough bytes
// arrive during this period to fill up the receive_buffer, then the
// older bytes will be lost and we won't know exactly how many bytes
// have been received.
wait_for_button_release(MIDDLE_BUTTON);

}
}

}

6.k. Orangutan Servo Control Functions
Overview
This section of the library provides commands for generating digital pulses to control servos.

Completedocumentationof thesefunctions can be found in Section 11 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Note: TheOrangutanServosandOrangutanBuzzerlibrariesbothuseTimer 1, so theywill conflict with each
other and any other code that relies on or reconfigures Timer 1.

Servos
A servomotor (alsocalledhobbyservoor RC servo)is a devicecontaininga motor that you cancommandto turn to a
specificlocation.To controla servo,you mustconnectits threewiresproperly.Theblack wire is ground,andshouldbe
connectedto thegroundline of your Orangutan.Thered line is power,andshouldbeconnectedto powersupplywith a
voltagethat is within the operatingrangeof your servo,andthat is capableof supplyingall the currentthat your servo
might draw.Thewhite line is signal,andshouldbeconnectedto a pin thatgeneratesservopulses,suchasanI/O line on
theOrangutan.TheOrangutanI/O headerblocksmakeit easyto connectyour servos,becauseeachcolumnof theblock
contains ground, power, and an I/O line in the correct order.

To makeyour servomove,you mustoutputa high pulseto thesignalline every20ms.Thepulsewidth (alsocalledpulse
lengthor pulseduration)determineswhichpositiontheservowill moveto. Thus,everypulsewidth (typically measuredin
microseconds)correspondsto someangle(typically measuredin degrees)of theservoÕsoutputshaft.Typical servoshave
a limited range of motion, and this entire range of motion can be reached with pulse widths between 1ms and 2ms.

Takecarewhenchoosingpulsewidths,becausesomeservosarecapableof breakingthemselvesif theyarecommandedto
moveto apositionoutsidetheir rangeof motion.To startoff, youcansendpulsewidthsof 1.5msandthenslowly change
the pulse width until you discover its upper and lower limits.
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Orangutan Servo Control
The OrangutanServos section of the library allows you to generate the control pulses for up to 16 servos.

On everyOrangutan exceptthe Orangutan SVP, eachservorequiresonefreeI/O pin. Thelibrary allowsyou to choose
which I/O pins to usefor your servos.On theBaby Orangutan B, thereareenoughfree I/O lines for you to control the
full 16 servos.On theOrangutan SV andOrangutan LV-168, thereare8 free I/O linessoyou caneasilycontroleight
servos,but you cancontrolmoreservosif you removetheLCD or otherunusedhardware.Thepulsesaregeneratedusing
software PWM.

On the Orangutan SVP, thepulses(for your first 8 servos)areall generatedon pin PD5.This pin is a hardwarePWM
output(OC1A),sotheOrangutanServoslibrary generatestheservopulsesusinghardwarePWM, which is moreaccurate
andtakeslessCPUtimethansoftwarePWM.PinPD5is connectedto theinput line of anon-board8-outputdemultiplexer.
If you just needto control oneservo,you canleavethe demultiplexerinput lines disconnected,andplug your servoin
to servoport 0. If you want to controlmorethanoneservo,thenyou mustchoosewhich free I/O lines to connectto the
demultiplexerÕsthreeoutput-selectionlines.If you useoneI/O line, you cancontrol two servos.If you usetwo I/O lines,
youcancontrolup to four servos.If youusethreeI/O lines,thenyoucancontrolup to eightservos.If youneedto control
more than 8 servos then you can use software PWM to control up to eight more servos (for a total of 16).

Usage Examples
This library comes with several examples inlibpololu-avr\examples .

1. svp-one-servo
This example program demonstrates how to control one servo on the Orangutan SVP using PD5.

#include <pololu/orangutan.h>

/*
* svp-one-servo: for the Orangutan SVP.
*
* This example uses the OrangutanServos functions to control one servo.
* The servo pulse signal is sent on pin PD5, which is hardwired to the
* input of the demux.  The servo signal is available on demux output 0.
* This example uses the OrangutanPushbuttons functions to take input
* from the user, and the OrangutanLCD functions to display feedback on
* the LCD.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

const unsigned char demuxPins[] = {};
servos_init(demuxPins, sizeof(demuxPins));

set_servo_target(0, 1300);    // Make the servo go to a neutral position.

clear(); // Clear the LCD.

while(1) // Loop forever.
{

// When the user presses the top button, execute a pre-programmed
// sequence of servo movements.
if (button_is_pressed(TOP_BUTTON))
{

// Set the servo speed to 150.  This means that the pulse width
// will change by at most 15 microseconds every 20 ms.  So it will
// take 1.33 seconds to go from a pulse width of 1000 us to 2000 us.
set_servo_speed(0, 150);

// Slowly move the servo to position 1800.
set_servo_target(0, 1800);
delay_ms(700);
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// Disable the speed limit
set_servo_speed(0, 0);

// Make the servo move back to position 1300 as fast as possible.
set_servo_target(0, 1300);

}

if (button_is_pressed(BOTTOM_BUTTON))
{

// While the user holds down the bottom button, move the servo
// slowly towards position 1800.
set_servo_speed(0, 60);
set_servo_target(0, 1800);
wait_for_button_release(BOTTOM_BUTTON);

// When the user releases the bottom button, print its current
// position (in microseconds) and then move it back quickly.
clear();
print_long(get_servo_position(0));
print_from_program_space(PSTR(" \xE4s"));
set_servo_speed(0, 0);
set_servo_target(0, 1300);

}
}

}

// Local Variables: **
// mode: C **
// c-basic-offset: 4 **
// tab-width: 4 **
// indent-tabs-mode: t **
// end: **

2. svp-eight-servo
This exampleprogramdemonstrateshow to control up to eight servoson the OrangutanSVP using the hardware
demultiplexer.

#include <pololu/orangutan.h>

/*
* svp-eight-servo: for the Orangutan SVP.
*
* This example uses the OrangutanServos functions to control eight servos.
* To use this example, you must connect the correct AVR I/O pins to their
* corresponding servo demultiplexer output-selection pins.
*   - Connect PB3 to SA.
*   - Connect PB4 to SB.
*   - Connect PC0 to SC.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

// This array specifies the correspondence between I/O pins and DEMUX
// output-selection pins.  This demo uses three pins, which allows you
// to control up to 8 servos.  You can also use two, one, or zero pins
// to control fewer servos.
const unsigned char demuxPins[] = {IO_B3, IO_B4, IO_C0}; // eight servos, B3=SA, B4=SB, C0=B5.
//const unsigned char demuxPins[] = {IO_B3, IO_B4};      // four servos, B3=SA, B4=SB
//const unsigned char demuxPins[] = {IO_B3};             // two servos, B3=SA
//const unsigned char demuxPins[] = {};                  // one servo

servos_init(demuxPins, sizeof(demuxPins));

// Set the servo speed to 150.  This means that the pulse width
// will change by at most 15 microseconds every 20 ms.  So it will
// take 1.33 seconds to go from a pulse width of 1000 us to 2000 us.
set_servo_speed(0, 150);
set_servo_speed(1, 150);
set_servo_speed(2, 150);
set_servo_speed(3, 150);
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set_servo_speed(4, 150);
set_servo_speed(5, 150);
set_servo_speed(6, 150);
set_servo_speed(7, 150);

// Make all the servos go to a neutral position.
set_servo_target(0, 1300);
set_servo_target(1, 1300);
set_servo_target(2, 1300);
set_servo_target(3, 1300);
set_servo_target(4, 1300);
set_servo_target(5, 1300);
set_servo_target(6, 1300);
set_servo_target(7, 1300);

while(1)  // Loop forever.
{

// When the user presses the top button, execute a pre-programmed
// sequence of servo movements.
if (button_is_pressed(TOP_BUTTON))
{

set_servo_target(0, 1800); delay_ms(350);
set_servo_target(1, 1800); delay_ms(350);
set_servo_target(2, 1800); delay_ms(350);
set_servo_target(3, 1800); delay_ms(350);
set_servo_target(4, 1800); delay_ms(350);
set_servo_target(5, 1800); delay_ms(350);
set_servo_target(6, 1800); delay_ms(350);
set_servo_target(7, 1800); delay_ms(1000);

set_servo_target(0, 1300); delay_ms(350);
set_servo_target(1, 1300); delay_ms(350);
set_servo_target(2, 1300); delay_ms(350);
set_servo_target(3, 1300); delay_ms(350);
set_servo_target(4, 1300); delay_ms(350);
set_servo_target(5, 1300); delay_ms(350);
set_servo_target(6, 1300); delay_ms(350);
set_servo_target(7, 1300); delay_ms(350);

}
}

}

3. svp-sixteen-servo
This exampleprogramdemonstrateshow to control up to sixteenservoson the OrangutanSVP using the hardware
demultiplexer.

#include <pololu/orangutan.h>

/*
* svp-sixteen-servo: for the Orangutan SVP.
*
* This example uses the OrangutanServos functions to control sixteen servos.
* To use this example, you must connect the correct AVR I/O pins to their
* corresponding servo demultiplexer output-selection pins.
*   - Connect PB3 to SA.
*   - Connect PB4 to SB.
*   - Connect PC0 to SC.
* Servos a0-a7 will be on the servo demux outputs.
* Servos b0-b7 will be on pins PA0-PA7.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

// This array specifies the correspondence between I/O pins and DEMUX
// output-selection pins.  This demo uses three pins, which allows you
// to control up to 8 servos from the demux.
const unsigned char demuxPins[] = {IO_B3, IO_B4, IO_C0}; // B3=SA, B4=SB, C0=B5.

// This array specifies the correspondence between I/O pins and
// software-PWMed servos.
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const unsigned char servoPinsB[] = {IO_A0, IO_A1, IO_A2, IO_A3, IO_A4, IO_A5, IO_A6, IO_A7};

servos_init_extended(demuxPins, sizeof(demuxPins), servoPinsB, sizeof(servoPinsB));

// Set the servo speed to 150.  This means that the pulse width
// will change by at most 15 microseconds every 20 ms.  So it will
// take 1.33 seconds to go from a pulse width of 1000 us to 2000 us.
set_servo_speed(0, 150);   // Servo a0 = Demux output 0
set_servo_speed(1, 150);   // Servo a1 = Demux output 1
set_servo_speed(2, 150);   // Servo a2 = Demux output 2
set_servo_speed(3, 150);   // Servo a3 = Demux output 3
set_servo_speed(4, 150);   // Servo a4 = Demux output 4
set_servo_speed(5, 150);   // Servo a5 = Demux output 5
set_servo_speed(6, 150);   // Servo a6 = Demux output 6
set_servo_speed(7, 150);   // Servo a7 = Demux output 7
set_servo_speedB(0, 150);  // Servo b0 = pin A0
set_servo_speedB(1, 150);  // Servo b1 = pin A1
set_servo_speedB(2, 150);  // Servo b2 = pin A2
set_servo_speedB(3, 150);  // Servo b3 = pin A3
set_servo_speedB(4, 150);  // Servo b4 = pin A4
set_servo_speedB(5, 150);  // Servo b5 = pin A5
set_servo_speedB(6, 150);  // Servo b6 = pin A6
set_servo_speedB(7, 150);  // Servo b7 = pin A7

// Make all the servos go to a neutral position.
set_servo_target(0, 1300);
set_servo_target(1, 1300);
set_servo_target(2, 1300);
set_servo_target(3, 1300);
set_servo_target(4, 1300);
set_servo_target(5, 1300);
set_servo_target(6, 1300);
set_servo_target(7, 1300);
set_servo_targetB(0, 1300);
set_servo_targetB(1, 1300);
set_servo_targetB(2, 1300);
set_servo_targetB(3, 1300);
set_servo_targetB(4, 1300);
set_servo_targetB(5, 1300);
set_servo_targetB(6, 1300);
set_servo_targetB(7, 1300);

while(1)  // Loop forever.
{

// When the user presses the top button, execute a pre-programmed
// sequence of servo movements.
if (button_is_pressed(TOP_BUTTON))
{

set_servo_target(0, 1800); delay_ms(350);
set_servo_target(1, 1800); delay_ms(350);
set_servo_target(2, 1800); delay_ms(350);
set_servo_target(3, 1800); delay_ms(350);
set_servo_target(4, 1800); delay_ms(350);
set_servo_target(5, 1800); delay_ms(350);
set_servo_target(6, 1800); delay_ms(350);
set_servo_target(7, 1800); delay_ms(350);
set_servo_targetB(0, 1800); delay_ms(350);
set_servo_targetB(1, 1800); delay_ms(350);
set_servo_targetB(2, 1800); delay_ms(350);
set_servo_targetB(3, 1800); delay_ms(350);
set_servo_targetB(4, 1800); delay_ms(350);
set_servo_targetB(5, 1800); delay_ms(350);
set_servo_targetB(6, 1800); delay_ms(350);
set_servo_targetB(7, 1800); delay_ms(1000);

set_servo_target(0, 1300); delay_ms(350);
set_servo_target(1, 1300); delay_ms(350);
set_servo_target(2, 1300); delay_ms(350);
set_servo_target(3, 1300); delay_ms(350);
set_servo_target(4, 1300); delay_ms(350);
set_servo_target(5, 1300); delay_ms(350);
set_servo_target(6, 1300); delay_ms(350);
set_servo_target(7, 1300); delay_ms(350);
set_servo_targetB(0, 1300); delay_ms(350);
set_servo_targetB(1, 1300); delay_ms(350);
set_servo_targetB(2, 1300); delay_ms(350);
set_servo_targetB(3, 1300); delay_ms(350);
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set_servo_targetB(4, 1300); delay_ms(350);
set_servo_targetB(5, 1300); delay_ms(350);
set_servo_targetB(6, 1300); delay_ms(350);
set_servo_targetB(7, 1300); delay_ms(350);

}
}

}

// Local Variables: **
// mode: C **
// c-basic-offset: 4 **
// tab-width: 4 **
// indent-tabs-mode: t **
// end: **

6.l. Orangutan SVP Functions
Overview
The Orangutan SVP[http://www.pololu.com/catalog/product/1325] is based on the AVR ATmega324 or ATmega1284
processor.It hasanauxiliaryprocessorthatprovidestheUSBconnection,five configurableinput lines,andbatteryvoltage
reading.Severalpartsof thePololuAVR C/C++Library havebuilt-in supportfor usingtheauxiliaryprocessor,soyouwill
not needto worry aboutthedetailsof theSerialPeripheralInterface(SPI)protocolusedto talk to theauxiliary processor.
If you are curious about the details of the SPI protocol, you can read the C++ source code of the library.

Completedocumentationof the SVP-specific functions can be found in Section 13 of the Pololu AVR Library
Command Reference[http://www.pololu.com/docs/0J18].

An overviewof theanaloginput functions,which supportreadingtheanaloginputson theSVPÕsauxiliary processor,can
be found in Section6.c. An overviewof the serialport communicationfunctions,which supportsendingandreceiving
bytes from the computer via the auxiliary processorÕs USB connection, can be found inSection 6.j.

Setting the mode
Oneof thefirst thingsto think aboutwhenwriting a programfor theSVPis whatmodeyou wanttheauxiliary processor
to be in.

If you want to usequadratureencoders,you canusetheSVP_MODE_ENCODERSmodeandlet theauxiliary processor
handle the readings from two quadrature encoders on lines A, B, C and D/RX.

If you want to maximizethe numberof analoginputsavailable,you canusethe SVP_MODE_ANALOGmodewhich
makesA, B, C, andD/RX beanaloginputs.TheADC/SSline is alsoavailableasananaloginput. It is hardwiredto auser
trimpot,butyoucancut thelabeledtracebetweenADC/SSandPOTon thebottomof theboardto disconnectthepot,and
thenconnectsomethingelseto thatpin. This allowsyou to usea total of 13 analoginputs:eighton theAVR andfive on
theauxiliary processor.All 13 inputscanbereadusingthesamefunctions(seeSection6.c), soyou donÕtneedto worry
too much about which processor is converting them.

If you want to receiveTTL-level serialbyteson your computer,you canusethe SVP_MODE_RXmode(the default)
which makesA, B, and C be analoginputs and D/RX be the serial receiveline. In this mode,TTL-level serial bytes
receivedon theRX line will besentto thecomputeron thePololuOrangutanSVPTTL SerialPort.TheRX line, along
with the TX line (which is alwaysthe serial transmitline) makethe OrangutanSVPÕsauxiliary processorfunction asa
USB-to-TTL-serialadapterfor your computer,allowing you to controlserialdevicesfrom your computer.Alternatively,
youcancontroltheserialdevicesdirectly from theAVR usingthefunctionsin Section6.j andyoucanusetheRX line to
monitor and debug the bytes that are being transmitted (or received) by the AVR.

You canusethesetMode()commandat thebeginningof yourprogramto setthemodeof theauxiliaryprocessor.Seethe
Pololu AVR Library Command Reference for details.
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Powered by SPI
Wheneveryou call a functionin thePololuAVR Library thatusestheauxiliary processor,thefunctionmight initiate SPI
communicationto the auxiliary processor.This meansthat the MOSI (PB5) andSCK (PB7) pins will be setto outputs,
theMISO (PB6)pin will besetasaninput,a pull-up resistorwill beenabledon SS(PB4)if it is aninput,andtheAVRÕs
hardwareSPI modulewill be enabled.The functionsthat do this includeany analoginput function that usesan input
on the auxiliary processor,any function for readingthe batteryvoltageor trimpot, any serialport function that usesthe
USB_COMMport, and any function specific to the Orangutan SVP (Section 13of the Command Reference).

PB4 should be an output
In orderfor the functionsthat talk to theauxiliary processorto work, theSS(PB4) pin must either be an output or be
an input that is always high. The AVRÕsSPI moduleis designedso that if SSis an input andit readslow (0 V), then
theSPImodulewill automaticallygo in to slavemode(theMSTRbit in SPCRwill becomezero),makingit impossibleto
communicatewith theauxiliary processor.Therefore,it is recommendedthatyou makeSSanoutputat thebeginningof
your program. This can be done with one of the following lines of code:

set_digital_output(IO_B4, LOW);  // Make SSbar an output (C only)

OrangutanDigital::setOutput(IO_B4, LOW);  // Make SSbar an output (C++ only)

DDRB |= 1<<DDB4;  // Make SSbar an output

Usage Examples
This library comes with an example program inlibpololu-avr\examples .

1. svp1
A simple example that demonstrates some SVP-specific functions.

#include <pololu/orangutan.h>

/*
* svp1: for the Orangutan SVP.
*
* This example uses the OrangutanSVP functions to set the mode of the
* auxiliary processor, take analog readings on line D/RX, and display
* information about the Orangutan's current USB device state on the LCD.
*
* http://www.pololu.com/docs/0J20
* http://www.pololu.com
* http://forum.pololu.com
*/

int main()
{

// Make SSbar be an output so it does not interfere with SPI communication.
set_digital_output(IO_B4, LOW);

// Set the mode to SVP_MODE_ANALOG so we can get analog readings on line D/RX.
svp_set_mode(SVP_MODE_ANALOG);

while(1)
{

clear(); // Erase the LCD.

if (usb_configured())
{

// Connected to USB and the computer recognizes the device.
print("USB");

}
else if (usb_power_present())
{

// Connected to USB.
print("usb");

}
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if (usb_suspend())
{

// Connected to USB, in the Suspend state.
lcd_goto_xy(4,0);
print("SUS");

}

if (dtr_enabled())
{

// The DTR virtual handshaking line is 1.
// This often means that a terminal program is conencted to the
// Pololu Orangutan SVP USB Communication Port.
lcd_goto_xy(8,0);
print("DTR");

}

if (rts_enabled())
{

// The RTS virtual handshaking line is 1.
lcd_goto_xy(12,0);
print("RTS");

}

// Display an analog reading from channel D, in millivolts.
lcd_goto_xy(0,1);
print("Channel D: ");
print_long(analog_read_millivolts(CHANNEL_D));

// Wait for 100 ms, otherwise the LCD would flicker.
delay_ms(100);

}
}

6.m.Pololu QTR Sensor Functions
Overview
This set of functions providesaccessto the QTR family of reflectancesensors,which come as single-sensorunits
(QTR-1A [http://www.pololu.com/catalog/product/958] and QTR-1RC [http://www.pololu.com/catalog/product/959]) or as 8-sensor
arrays (QTR-8A [http://www.pololu.com/catalog/product/960] and QTR-8RC [http://www.pololu.com/catalog/product/961]). To
initialize thesetof sensorsthatyou areusing,chooseeithertheqtr_analog_init() or qtr_rc_init() function,andspecify
the setof pins connectedto the sensorsthat you will be using.The initialization may only be calledoncewithin the C
environment, while C++ allows the sensors to be used in more complicated ways.

Thesefunctionsareusedby the3pi supportdescribedin the3pi Robot UserÕsGuide [http://www.pololu.com/docs/0J21]. We
do not recommend using these functions directly on the 3pi unless you are adding additional sensors.

C++ users: See Section 3 of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http://www.pololu.com/docs/0J19] for examplesof this class in the Arduino environment,which is almost
identical to C++.

Completedocumentationof thesefunctions can be found in Section 16 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Usage Notes
Calibration
This library allowsyou to usethecalibrate() methodto easilycalibrateyour sensorsfor theparticularconditionsit will
encounter.Calibratingyoursensorscanleadto substantiallymorereliablesensorreadings,which in turncanhelpsimplify
your codesince.As such,we recommendyou build a calibrationphaseinto your applicationÕsinitialization routine.This
canbeassimpleasafixed durationoverwhichyourepeatedcall thecalibrate() method.Duringthiscalibrationphase,you
will needto exposeeachof your reflectancesensorsto thelightestanddarkestreadingstheywill encounter.For example,
if you havemadea line follower, you will want to slide it acrossthe line during thecalibrationphaseso theeachsensor
can get a reading of how dark the line is and how light the ground is. A sample calibration routine would be:
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#include <pololu/orangutan.h>

int main()
{

// initialize your QTR sensors
unsigned char qtr_rc_pins[] = {14, 15, 16};
qtr_rc_init(qtr_rc_pins, 3, 2000, 255);  // 800 us timeout, no emitter pin
// int qtr_analog_pins[] = {0, 1, 2};
// qtr_analog_init(qtr_analog_pins, 3, 10, 14); // 10 samples, emitter pin is PC0

// optional: wait for some input from the user, such as  a button press

// then start calibration phase and move the sensors over both
// reflectance extremes they will encounter in your application:
int i;
for (i = 0; i < 250; i++)  // make the calibration take about 5 seconds
{

qtr_calibrate(QTR_EMITTERS_ON);
delay(20);

}

// optional: signal that the calibration phase is now over and wait for further
// input from the user, such as a button press

while (1)
{

// main body of program goes here
}

return 0;
}

Reading the Sensors
This library gives you a number of different ways to read the sensors.

1. You can requestraw sensorvaluesusing the read() method,which takesan optional argumentthat lets you
performthereadwith theIR emittersturnedoff (notethat turningtheemittersoff is only supportedby theQTR-8x
reflectance sensor arrays).

2. You canrequestcalibratedsensorvaluesusingtheqtr_read_calibrated() function,which alsotakesanoptional
argumentthat letsyou performthe readwith the IR emittersturnedoff. Calibratedsensorvalueswill alwaysrange
from 0 to 1000,with 0 beingasor morereflective(i.e. whiter) thanthe mostreflectivesurfaceencounteredduring
calibration,and 1000 being as or lessreflective (i.e. blacker)than the leastreflective surfaceencounteredduring
calibration.

3. For line-detectionapplications,you can requestthe line location using the qtr_read_line() functions,which
takesasoptionalparametersa booleanthat indicateswhetherthe line is white on a blackbackgroundor blackon a
white background,anda booleanthat indicateswhethertheIR emittersshouldbeon or off duringthemeasurement.
qtr_read_line() providescalibratedvaluesfor eachsensorandreturnsanintegerthattellsyouwhereit thinkstheline
is. If you areusingN sensors,a returnedvalueof 0 meansit thinkstheline is on or to theoutsideof sensor0, anda
returnedvalueof 1000* (N-1) meansit thinkstheline is onor to theoutsideof sensorN-1. As youslideyoursensors
acrossthe line, the line positionwill changemonotonicallyfrom 0 to 1000* (N-1), or vice versa.This line-position
value can be used for closed-loop PID control.

A sample routine to obtain the sensor values and perform rudimentary line following would be:

void loop()  // call this routine repeatedly from your main program
{

unsigned int sensors[3];
// get calibrated sensor values returned in the sensors array, along with the line position
// position will range from 0 to 2000, with 1000 corresponding to the line over the middle sensor
int position = qtr_read_line(sensors, QTR_EMITTERS_ON);

// if all three sensors see very low reflectance, take some appropriate action for this situation
if (sensors[0] > 750 && sensors[1] > 750 && sensors[2] > 750)
{

// do something.  Maybe this means we're at the edge of a course or about to fall off a table,
// in which case, we might want to stop moving, back up, and turn around.
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return;
}

// compute our "error" from the line position.  We will make it so that the error is zero when
// the middle sensor is over the line, because this is our goal.  Error will range from
// -1000 to +1000.  If we have sensor 0 on the left and sensor 2 on the right,  a reading of -1000
// means that we see the line on the left and a reading of +1000 means we see the line on
// the right.
int error = position - 1000;

int leftMotorSpeed = 100;
int rightMotorSpeed = 100;
if (error < -500)  // the line is on the left

leftMotorSpeed = 0;  // turn left
if (error > 500)  // the line is on the right

rightMotorSpeed = 0;  // turn right

// set motor speeds using the two motor speed variables above
}

PID Control
The integervalue returnedby qtr_read_line() can be easily convertedinto a measureof your position error for line-
following applications,aswasdemonstratedin thepreviouscodesample.Thefunctionusedto generatethisposition/error
valueis designedto bemonotonic,which meansthevaluewill almostalwayschangein thesamedirectionasyou sweep
your sensors across the line. This makes it a great quantity to use for PID control.

Explaining the nature of PID control is beyond the scope of this document,but Wikipedia has a very good
article [http://en.wikipedia.org/wiki/PID_controller] on the subject.

Thefollowing codegivesaverysimpleexampleof PD control(I find theintegralPID termis usuallynotnecessarywhen
it comesto line following). Thespecificnatureof theconstantswill bedeterminedby your particularapplication,but you
shouldnotethat thederivativeconstantKd is usuallymuchbiggerthantheproportionalconstantKp. This is becausethe
derivativeof the error is a muchsmallerquantitythanthe error itself, so in orderto producea meaningfulcorrectionit
needs to be multiplied by a much larger constant.

int lastError = 0;

void loop()  // call this routine repeatedly from your main program
{

unsigned int sensors[3];
// get calibrated sensor values returned in the sensors array, along with the line position
// position will range from 0 to 2000, with 1000 corresponding to the line over the middle sensor
int position = qtr_read_line(sensors, QTR_EMITTERS_ON);

// compute our "error" from the line position.  We will make it so that the error is zero when
// the middle sensor is over the line, because this is our goal.  Error will range from
// -1000 to +1000.  If we have sensor 0 on the left and sensor 2 on the right,  a reading of -1000
// means that we see the line on the left and a reading of +1000 means we see the line on
// the right.
int error = position - 1000;

// set the motor speed based on proportional and derivative PID terms
// KP is the a floating-point proportional constant (maybe start with a value around 0.1)
// KD is the floating-point derivative constant (maybe start with a value around 5)
// note that when doing PID, it's very important you get your signs right, or else the
// control loop will be unstable
int motorSpeed = KP * error + KD * (error - lastError);
lastError = error;

// M1 and M2 are base motor speeds.  That is to say, they are the speeds the motors should
// spin at if you are perfectly on the line with no error.  If your motors are well matched,
// M1 and M2 will be equal.  When you start testing your PID loop, it might help to start with
// small values for M1 and M2.  You can then increase the speed as you fine-tune your
// PID constants KP and KD.
int m1Speed = M1 + motorSpeed;
int m2Speed = M2 - motorSpeed;

// it might help to keep the speeds positive (this is optional)
// note that you might want to add a similiar line to keep the speeds from exceeding
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// any maximum allowed value
if (m1Speed < 0)

m1Speed = 0;
if (m2Speed < 0)

m2Speed = 0;

// set motor speeds using the two motor speed variables above
}

6.n.Pololu Wheel Encoder functions
The PololuWheelEncodersclassand the associatedC functionsprovide an easyinterfacefor using the Pololu Wheel
Encoders[http://www.pololu.com/catalog/product/1217], which allow a robot to know exactlyhow far its motorshaveturned
at anypoint in time. Note that this library shouldwork with all standardquadratureencoders,not just thePololuWheel
Encoders.

Thissectionof thelibrary makesusesof pin-changeinterruptsto quickly detectandrecordeachtransitionon theencoder.
Interruptvectorsfor PCINT0,PCINT1,PCINT2 will be definedif functionsfrom this library areused,evenif the pins
selectedareall on a singleport, so this sectionof the library will conflict with any other usesof theseinterrupts .
Theinterruptserviceroutine(ISR) will takeabout20-30us.If you needbettercontrolof theinterruptsused,or you want
to write a moreefficient ISR, you cancopy the library codefrom PololuWheelEncoders.cppinto your own projectand
modify it as necessary.

Completedocumentationof this libraryÕsmethodscanbe found in Section18 of the Pololu AVR Library Command
Reference[http://www.pololu.com/docs/0J18].

Usage Notes
The two sensorsA andB on the encoderboardgo througha four-stepcycle aseachtooth of the wheelpassesby, for a
total of 48 countsperrevolution.This correspondsto about3 mm for eachcount,thoughyou will haveto calibratevalues
for your own robot to get a precise measure of distance.

Normally, therewill be at least1 ms betweencounts,which gives the ISR plenty of time to finish one count before
the next one occurs.This is very important,becauseif two countsoccur quickly enough,the ISR will not be able to
determinethe directionof rotation.In this case,an error canbe detectedby the functionsencoders_check_error_m1()
or encoders_check_error_m2(). An error like this eithercorrespondsto a miscalibrationof theencoderor a timing issue
with thesoftware.For example,if interruptsaredisabledfor severalmswhile thewheelsarespinningquickly, errorswill
probably occur.

Usage Examples
This library comeswith oneexampleprogramin libpololu-avr\examples . The examplemeasuresthe outputsof two
encoders,oneconnectedto portsPC2andPC3,andanotherconnectedto portsPC4andPC5Ðthesearetheleftmostfour
portson theOrangutan.Thevaluesof thetwo encoderoutputsaredisplayedon theLCD, anderrors(if any)arereported
below. For useon the Baby Orangutan,removethe LCD display code(and comeup with someother way to usethe
values).

1. wheel_encoders1
#include <pololu/orangutan.h>
#include <avr/interrupt.h>

int main()
{

encoders_init(16,17,18,19); // the Arduino numbers for ports PC2 - PC5

while(1)
{

lcd_goto_xy(0,0);
print_long(encoders_get_counts_m1());
print(" ");
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lcd_goto_xy(4,0);
print_long(encoders_get_counts_m2());
print(" ");

if(encoders_check_error_m1())
{

lcd_goto_xy(0,1);
print("Error 1");

}
if(encoders_check_error_m2())
{

lcd_goto_xy(0,1);
print("Error 2");

}

delay_ms(50);
}

}
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7. Using the Pololu AVR Library for your own projects
After gettingoneof the simpleexamplesto work with an Orangutancontrolleror 3pi robot, you canstartworking on
morecomplicatedprogramsof your own. The library provideseasyaccessto all of the featuresof the Orangutansand
3pi, including the LCD screen,buttons,LEDs, motors,and buzzer.Thereare also functions in the library that make
it easyfor you to do moregeneral-purposeoperationswith the AVR, suchas timing andanalog-to-digitalconversion.
The library also providessupport for the Pololu QTR sensors[http://www.pololu.com/catalog/product/961] and the Pololu
WheelEncoders[http://www.pololu.com/catalog/product/1217] (it shouldactuallywork for quadratureencodersin general).For
a complete list of functions provided by the library, see thecommand reference[http://www.pololu.com/docs/0J18].

Usually,theeasiestway to adaptthis codeto yourownprojectswill beto startwith aworkingexampleandgraduallyadd
thethingsthatyouneed,onestepata time.However,if youwantto startfrom scratch,therearejusta few thingsthatyou
need to know. First, to use the library with C, you must place one of the following lines

C
#include <pololu/orangutan.h>
#include <pololu/3pi.h>
#include <pololu/qtr.h>
#include <pololu/encoders.h>

at the top of any C file that uses functions provided by the library. To use the library with C++, the equivalent lines are

C++
#include <pololu/orangutan>
#include <pololu/Pololu3pi.h>
#include <pololu/PololuQTRSensors.h>
#include <pololu/PololuWheelEncoders.h>

The line or lines that you include depend on which product you are using with the library.

Second,when compiling, you must link your object files with the appropriatelibpololu_atmegaX.a file. This is
accomplishedby passingthe -lpololu_atmegaX optionto avr-gcc duringthelinking step,whereX canbe48, 168 , 328p ,
324p , 644p , or 1284p .

To add the -lpololu_atmegaX option within AVR studio,selectProject > Configuration Options > Libraries . You
should see libpololu_atmega48.a , libpololu_atmega168.a , libpololu_atmega328p.a , libpololu_atmega324p.a ,
libpololu_atmega644p.a , andlibpololu_atmega1284p.a listedasoptionsin theleft column.Selectthefile thatmatches
the microcontrolleryou areprogrammingandclick ÒaddlibraryÓto addit to your project.Note that the 3pi robotswith
serialnumberslessthan0J5840usetheATmega168microcontroller;3pi robotswith serialnumber0J5840or greateruse
the ATmega328 microcontroller.
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AVR Studio library settings for using the Pololu AVR library (libpololu).

Finally, we alsostronglyrecommendthelinker option -Wl,-gc-sections . This causesunusedlibrary functionsto not be
included,resultingin a muchsmallercodesize.To includethis in AVR Studio,selectProject > Configuration Options
> Custom Options. Click on [Linker options] and add:

-Wl,-gc-sections

to the list. This linker option is included in both the AVR Studio and Linux-based example programs described earlier.
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Recommended AVR Studio linker options for projects using the Pololu AVR Library.
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8. Additional resources
To learn more about programming AVRs and using the Pololu AVR Library, see the following list of resources:

¥ Pololu AVR Library Command Reference[http://www.pololu.com/docs/0J18]: detailed information about every
function in the library.

¥ Programming Orangutans and the 3pi Robot from the Arduino Environment [http://www.pololu.com/docs/0J17]:
information about using this library to program Orangutans and the 3pi robot from within the Arduino environment.

¥ Arduino Library for the Pololu QTR ReflectanceSensors[http://www.pololu.com/docs/0J19]: information about
using the QTR sensor portion of this library from within the Arduino environment.

¥ Pololu 3pi Robot UserÕs Guide[http://www.pololu.com/docs/0J21]

¥ Pololu Orangutan SV and LV-168 UserÕs Guide[http://www.pololu.com/docs/0J27]

¥ Pololu Orangutan SVP UserÕs Guide[http://www.pololu.com/docs/0J39]

¥ Pololu Baby Orangutan B UserÕs Guide[http://www.pololu.com/docs/0J14]

¥ Pololu USB AVR Programmer UserÕs Guide[http://www.pololu.com/docs/0J36]

¥ Pololu Orangutan USB Programmer UserÕs Guide[http://www.pololu.com/docs/0J6]

¥ WinAVR [http://winavr.sourceforge.net/]

¥ AVR Studio [http://www.atmel.com/avrstudio/]

¥ AVR Libc Home Page[http://www.nongnu.org/avr-libc/]

¥ ATmega328P documentation[http://www.atmel.com/dyn/products/product_card.asp?PN=ATmega328P]

¥ ATmega324PA documentation[http://www.atmel.com/dyn/products/product_card.asp?PN=ATmega324PA]

¥ ATmega1284P documentation[http://www.atmel.com/dyn/products/product_card.asp?PN=ATmega1284P]

¥ ATmega168 documentation[http://www.atmel.com/dyn/products/product_card.asp?PN=ATmega168]

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

Finally, we would like to hear your comments and questions over at thePololu Robotics Forum[http://forum.pololu.com/] !
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