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1. Introduction

Thisdocuments aguideto usingthePololuAVR C/C++library, includinginstallationinstructionstutorials,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: amegal68328-basegrogrammableobot. The 3pirobotessentiallyicontainsan SV-328
and a 5-sensor version of the QTR-8RC, both of which are in the list below.

Pololu Orangutan SVP-1284 basedon the megal284the SVP-1284is our newestOrangutanrobot
controller.lt is a super-sizedersionof the SV-328,with a built-in AVR ISP programmermorel/O lines,
moreregulatedpower,andmorememory.lt alsofeatureshardwareghatmakest easyto controlup to eight
servos with a single hardware PWM and almost no processor overhead.

Pololu Orangutan SVP-324 basedon the mega324the SVP-324is a versionof the SVP-1284with less
memNory.Thetwo versionsarecompletelycode-compatibléthe samecodewill runonbothdevicesaslong
as itOs small enough to fit on the ATmega324PA).

&= Pololu Orangutan X2: basedon the mega644the X2 robotcontrolleris the mostpowerful Orangutanit
featuresanauxiliary microcontrollerdevotedio controllingmuchof theintegratechardware(it alsoactsas
a built-in AVR ISP programmer) and high-power motor drivers capable of delivering hundreds of watts.

Pololu Orangutan SV-328 afull-featured,mega328-basewbotcontrollerthatincludesanLCD display.
The SV-328runson aninput voltageof 6-13.5V,giving you a wide rangeof robot powersupplyoptions,
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: afull-featured,megal68-basewbotcontrollerthatincludesanLCD display.
The LV-168 runs on an input voltage of 2-5V, allowing two or three batteries to power a robot.

‘.‘g:_ Pololu Baby Orangutan B-48: acompactcompleterobotcontrollerbasednthemega48TheB-48 packs
a voltage regulator, processor, and a two-channel motor-driver into a 24-pin DIP format.

Pololu Baby Orangutan B-328 a mega328rersionof the above.The mega32&ffers more memoryfor
i your programs(32 KB flash,2 KB RAM). This library alsosupportsthe Baby Orangutan B-168, which
e \vas replaced by the Baby B-328.

Pololu QTR-1A and QTR-8A reflectance sensors (analog): an analog sensor containing IR/
phototransistopairsthatallowsarobotto detectthe differencebetweenshade®f color. The QTR sensors
canbe usedfor following lines on the floor, for obstacleor drop-off (stairway)detection,andfor various
other applications.

/ Pololu QTR-1RC and QTR-8RC reflectance sensors(RC): a versionof the abovethat is readusing

digital inputs; this is compatible with the Parallax QTI sensors.
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"Encoderfor Pololu Wheel42x19mm: awheelencodeisolutionthatallowsarobotto measurénow far it
has traveled.

For detailed information about all of the functions available in the library, see the command
referencehttp://iwww.pololu.com/docs/0J18]

Notethatthelibrary is designedor AtmelOAVR-basedboarddike the Orangutansto useit with the QTR sensorsyour
controllermustbeeitheranOrangutaror anothetboardbuilt with anATmega48168/328Por ATmega324PA344P1284P

AVR microcontroller.

This documentcoversthe C/C++ versionof the library, but it may also be usedwith Arduino [http://www.arduino.cc]: a
popular,beginner-friendlyprogrammingenvironmentor the megal68328, usingsimplified C++ code.Seeour guide to
using Arduino with Orangutan controllers [http://iwww.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
recommendhe AVR Studio developmentenvironment http:/iwww.atmel.com/avrstudio/] , which may be downloadedree
of chargefrom Atmel. To load your compiledcodeonto the Pololu Orangutaror 3pi, we recommendhe Pololu USB
AVR Programmer [http://www.pololu.com/catalogfproduct/1300}, butany AVR ISP programmewill work. If youwill beusing
a Pololu programmerfollow the installation instructions [http://imww.pololu.com/docs0J36] to install it on your computer,
before continuing with these instructions.

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

Installing the AVR development tools for Linux
Linux usersshouldinstall all AVR-relatedpackageswvailablein their distributionOpackagenanagerln 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 10032@http:/iwww.pololu.com/file/ downloadlibpololu-avr-100326.zip?file_id=0J334](1923k
zip) released 2010-03-26

Next, if youareusingWindows:openthe.zip file andclick OExtracallOto extractthe PololuAVR Library files to afolder
on your desktop.

If youareusingLinux, runthecommandinzip libpololu-avr-yymmdd.zip , whereyymmdd is replacedoy the versionof
the library that you have downloaded.

A directory called Olibpololu-avrO 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://imww.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](1063Kk zip)
libpololu-avr-091106.zip[http://www.pololu.com/file/download/libpololu-avr-091106.zip?file_id=0J262)(1064Kk 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](7 19k zip)
libpololu-avr-090414.src.zighttp:/Aww.pololu.com/file/download/libpololu-avr-090414.zip?file_id=03191)(877k zip)
libpololu-avr-081209.src.ziphttp:/Avww.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.ziphttp:/Avww.pololu.com/file/download/libpololu-avr-081104.src.zip?file_id=03140)292k zip)

K K K K K K K K K K

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 getabetterunderstandingf howit works.
If you just want to install the library, proceedSection 5

Unpackthe entirearchiveandopena commandoromptwithin thelibpololu-avrdirectory.If avr-gccis correctlyinstalled
onyoursystemyouwill beableto type OmakeleanOthenOmake® compiletheentirelibrary. Payattentionto anyerrors
that occurduring the build processlf all goeswell, this will generatehreeversionsof the library, for the ATmega48,
ATmegal68ATmega328PATmega324PAATmMega644PandATmegal284PIf you seeerrors,it is likely thatavr-gcc
was installed improperly or in a way that is incompatible with the Makefile.

E¥ Command Prompt =10 x|

naut:
nautanLED

Compiling the Pololu AVR Library from the command prompt in Windows.
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5. Installation of the Pololu AVR Library

Automatic installation

Theautomatidnstallationinstallsall PololuAVR Library files in thelocationof your avr-gccinstallation.This is doneby
runninginstall.bat or by openinga commandpromptandtyping OmakenstallOwhich will put the libraryO¢.a files
and header files in the appropriate WinAVR directories.

i Windows Vista: right click omstall.bat and select ORun as administratorO.

If the automaticinstallationworks, you canproceedio Section6 to try out someexampleprograms.You canalsofind
ready-to-rurexampleAVR Studioprojectsin the exampleglirectoryof thelibrary download:libpololu-avi\examples
Thereareexamplegpreconfiguredor all six microcontrollerssupportedy thislibrary, soyou shouldusethe appropriate
onesfor your particularmicrocontroller.For information on using the Pololu AVR library in your own programs(e.g.
configuring AVR Studio projects to use the library), pleaseSsstion 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 locateduswavr

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

Next, copy libpololu_atmega48.a , libpololu_atmegal68.a , libpololu_atmega328p.a , libpololu_atmega324p.a ,
libpololu_atmega644p.a , and libpololu_atmegal284p.a into the lio subdirectory of your avr directory (e.g.
C:\WinAVR-20080610\avr\lib ). Notethatthereis alsoalib subdirectorydirectly belowthe main WinAVR directory;it
will notwork to putthelibpololu_atmegaX.a files here.Thesesix library files represenseparateompilationsfor the six
differentAVR microcontrollersoundon our Orangutangnd3pi robot. Whenyou makeyour own projects,you will need
to use the appropriate library for your particular microcontroller.

Finally, copy the entirepololu  subfolderinto theinclude  subfolder.The Pololuincludefiles shouldnow be locatedin
avninclude\pololu
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-

= |[-=-| 5]
&= « poo T4 [scorc 3
File Edit Wiew Tools Help
By Organize ~ & Burn
Folders w Namej Date moedified Type »
4 |, WinAVR-20080430  » | L|3pih
a |l avr | analeg.h
bi | buzzer.h
o delay.h
. = delay.
4 | include E icdh
W ave leds.h
i compat | motors.h
' pololu || orangutan
. util || erangutan.h
t g lib | Orangutanfnalog.h
| bin || ) OrangutanBuzzer.h
b B doc ~ || |_| OrangutanDelay.h
b lib | OrangutanLCD.h
= iib || OrangutanLEDs.h
L ?‘Ec || OrangutanMotors.h
i mfile || OrangutanPushbuttons.h
e pn | Pololu3pi.h
| sample __ PoleluQTRSensors.h
i | share | pushbuttons.h
[+ 4 source | gtr.h
[ | tils i

The Pololu AVR Library header files, installed correctly.

You arenow readyto usethe Pololu AVR library. The next sectionprovidesexampleprogramsthat are alreadysetup
to usethelibrary. For informationon usingthe Pololu AVR library in your own programs(e.g.configuringAVR Studio
projects to use the library), please Seetion 7
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6. Example programs

6.a.Example program - AVR Studio
A very simpledemoprogramfor the Orangutaror 3piis availablein thefolder examples\atmegaxXX\simple-test , Where
atmegaXXX is the model of the microcontroller on your board.

Double-clickonthefile test.aps

, andthe projectshouldopenautomaticallyin AVR Studio,showinga C file thatusesa

few basic commands from the Pololu AVR Library:

P

Trace Disabled
AVR GCC

=- %68 test (default)
Ea Source Files

; L[] testc

a Header Files

&3 Other Files

Build

'ﬁ- AVR Studio - [CA\Users\ paul\Desktop\lib-crangutanitest\avr-studio- projectitest.c] [ =[]
File Project Build Edit Yiew Tools Debug Window Help - B x

NSHF v L and 2RI MAARABREER Y G

a External Dependencies

-

SR N PR R . 3

v X #include <pololusorangutan. h: —

int maini)

¢ print("Hellao!"):
plav({"Llé ceg:c");
while(1l)
1

red_ledid);
gresen_led(1);

delay_m=s(100);

red ledil):
green_led(0);

delay_m=s(100);
1

return 0;

et o

Ch\Users\paulDesktophlib-orangutantest\avr-studio-project™] <

v X

=] Build ﬂHessage %Findin Files jBreakp-:-intsandTracep-:nints

AVR Studio showing the sample program.
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To compilethis program selectBuild > Build or presg=7. Look for warningsanderrors(indicatedby yellow andreddots)
in the outputdisplayedbelow. If the programcompilessuccessfullythe messagéBuildsucceedeavith 0 WarningsEO
will appear at the end of the output, and atéitenex  will have been created in tlnple-test\default folder.

Build started 15.7.2008 at 10:10:02

avr-cbkjcopy -0 ihex -R .eeprom  test.elf test.hex

avr-objdump -h -3 test.elf > test.las
AVE Memory Usage

Device: atmegal&s

Programs: 3190 bytes (19.5% Full)
{.text + .data + .bkootloader)

Data: 40 bytes (3.9% Full)
{.data + .b33 + .noinit)

Build succeeded with 0 Warnings...

1| 1] [

avr-goc.exe -mmcou=atmegal&a? -Wall -gdwarf-2 -std=gnu99 -0z -funsigne:
BVr-goc.eXxe -mmcu=atmegaléel -W1,-go-sections -Wl, -Map=test.map test.o

avr-ckjcopy -J .eeprom ——-3et-section-flags=.eeprom="alloc,load"™ --cha

Eleuild | Message |% Find in Files |L3Eireakpnints and Tracepaints

AVR Studio build window, compiling the example project.

Connectyour programmeto your computerandyour Orangutarboardor 3pi robot,andturn on thetargetOgower.If you
areusingaPololuprogramerijts LEDswill give youfeedbackasto whetherit hasa goodconnectiorto thetarget(seethe

programmerQs userOs guide for more information).

SelectTools > Program AVR > Connectto connectto the programmerlf you areusinga Pololu programmerselect
OAVRISPO and OAutoO. When you click the OConnectO button, the AVRISP programming window should appear.

You will useAVRISPtoloadtesthex into theflashmemoryof your AVR. To dothis, click O...an the Flashsectionand
selectfile testhex thatwascompiledearlier.Note thatyou haveto first navigateto your projectdirectory! Now click
OProgramO in the Flash section, and the test code should be loaded onto your Orangutan or 3pi.

6. Example programs
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AVRISP in ISP mode with ATmegal68 [= |
‘Main  Program | Fuses I Lock Bits | Advanced | HW Settings | HW Info I Auto |
— Device
| Eraze Device I
[¢ Erase device before flash programming Iw Verify device after programming
— Fash

" Use Curent Simulator/Emulator FLASH bemony

Ol Tl 2120 5 Pl Lt o ibpololu-avritest \avr-studio-project\defaulttest hex] |
Program | Verify Read |
— EEPROM
= Usze Curent Simulator/Ermulator EEPRORM kemaon
' |nput HEX File | |
Program | Verify Read |

— ELF Production File Format

input ELF File | =

Fuses and lockbits settings
Program | Saye must be specified before
saving to ELF

Erasing device.. QK] -
Programming FLASH .. QK
Reading FLASH ..  OKl

FLASH contents is equal to file.. OK
Leaving programming made.. QK!

1 [

Programming the Orangutan from AVR Studio.

If yourco‘ntrolIerwassuccessfuII)programmedandyou notusinga BabyOrangutanyou shouldheara shorttune,seethe
messag®Hello!@ntheLCD (if oneis presentandthe contrasts setcorrectly),andthe LEDs on the boardshouldblink.
If you are using a Baby Orangutan B, you will just see the red user LED blink.

In caseyou are havingtrouble performingthe compilation,precompiledhex files for this exampleandall of the other
examplesncludedwith the C/C++library areavailablein examples\ processohex_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 atmegaXXXis the
processor on your board.

Changeto this directoryandinspectthe Makefile. Dependingon your system,you may needto updatethe pathsto the
avr-gccbinariesandthe devicefor your programmerThen,you shouldbe ableto compilethe examplewith make, which
should generate the output like this as it compiles the source code:
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= Jermnal

“/1ibpololu—aw test/zimple—testd
H i i -5 Wall -mcall-pra

-lpololu -0 t

-R .esprom

obj
~#1ibpololu—awr/test/zinple—testt ||

Compiling the test program under Linux.

If makecompletedsuccessfullyconnectyour programmetto your computerandyour Orangutarboardor 3pi robot,and
turn on the targetOpower. The greenstatusLED closeto the USB connectorshouldbe on, while the othertwo LEDs
shouldbeoff, indicatingthatthe programmeis ready.Typemake program to loadtheprogramontothe Orangutaror 3pi.
If your programmeiis installedon a port otherthan/dev/ ttyusso (for exampleif you areusingthe newerPololu USB
AVR Programmer) you will have to edit the Makefile and enter the correct port.
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rlﬁ Ierminal’ E| @W

“/1ibpololu—aw test/zimple—testd ;
Juzrdbindavrdude -p mlGS -o : / 1 -l flazhiwitest hex

aurdude: AVE device initialized and ready to accept inztructions

leading | dHEHEEREHEREER R R R R S |

nature = 0
memory b

G )

]

deading | #HEHHEHEEHEHNEE S S e |

avrdude:

avrdude done, Thank you,

~/1libpololu—avr/test/sinple—tests |

Programming the Orangutan with avrdude under Linux.

If your controllerwassuccessfullyprogrammedandyou arenot usinga Baby Orangutanyou shouldheara shorttune,see
the messag®Hello!n the LCD (if oneis presentandthe contrastis setcorrectly),andthe LEDs on the boardshould
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 canbe usedto readanalogvoltageinputs,aswell asfunctions
specificallydesignedo readthe valueof thetrimmer potentiometefon the 3pi Robot [http:/imww.pololu.com/catalog/hroduct/
975], Orangutan SV [http://www.pololu.com/cataloghproduct/1227], Orangutan LV-168 [http://www.pololu.com/cataloglproduct/775],
Orangutan SVPhttp://iwww.pololu.com/catalogiproduct/1325] and Baby Orangutan B [http:/iwww.pololu.com/catalog/roduct/
1220)), the value of the temperaturesensolin tenthsof a degreeF or C (on the OrangutarLV-168 only), andthe battery
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:/Avww.pololu.com/docs0J17] for examplesof this classin 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
Referenceghttp://www.pololu.com/docs/0J18]
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Usage Examples
This library comeswith two exampledn libpololu-avriexamples . The OrangutarMotors examplesalsomakelimited

use of this section.

1. analogl

Demonstratebiow you canusethe methodsn this library to readthe analogvoltageof the trimmer potentiometein the
backgroundwhile the restof your codeexecuteslf the ADC is free, the programstartsa conversionon the TRIMPOT
analoginput (channel7 on all devicesexceptthe SVP), andthenit proceedgo executethe restof the codein loop()
while the ADC hardwareworks. Polling of theanalog_is_convertingfpethodallowsthe programto determinevhenthe
conversionis completeandto updateits notion of thetrimpot valueaccordingly.Feedbacks givenvia thereduserLED,
whose brightness is made to scale with the trimpot position.

On the OrangutanSVP, this examplecodewill work, but it is not the recommendedvay of readingthe trimpot. The
trimpotreadingandaveragings doneonthe auxiliary processorsoa simpleavg=analog_read(TRIMPOT); is sufficientto
getthevalueof thetrimpot andwill not burdenthe CPU significantly. You can,however,changethe channelnumberin
the codebelowfrom TRIMPOT to a channelhumberfrom 0 to 7 in orderto measureneof the eightanalogportson the
AVR.

#include <pololu/orangutan.h>

/*
* analogl: 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

* poth 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(TRIMPQOT); // start initial conversion
while(1)
{
if (lanalog_is_converting())  // if conversion is done...

sum += analog_conversion_result(); // get result
start_analog_conversion(TRIMPQOT); // start next conversion

if (++samples == 20) /I'if 20 samples have been taken...
avg = sum/ 20; /I compute 20-sample average of ADC result
samples = 0;
sum = 0;

}

}

/' when avg 0, the red LED is almost totally off.
/I when avg 255, the red LED is almost totally on.
/I brightness should scale approximately linearly in between.

red_led(0); /I red LED off
delay_us(256 b avg);
red_led(1); /I red LED on

delay_us(avg+1);
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2. analog?

Intendedfor useon the OrangutarLV-168. Notethatit will runonthe3pirobotandOrangutarSV-xx8, butthedisplayed
temperaturewill be incorrectas the analoginput connectedto the temperaturesensoron the OrangutanLV-168 is
connectedo 2/3rdsof the batteryvoltageon the 3pi andto 1/3rd of the batteryvoltage on the OrangutanSV-xx8. It
displaysontheLCD thetrimmerpotentiometeputputin millivolts andthetemperaturesensooutputin degree$-arenheit.
If you hold a finger on the undersideof the OrangutarLV-16804CB 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) /I run over and over again
lcd_goto_xy(0,0); /I LCD cursor to home position (upper-left)
print_long(to_millivolts(read_trimpot())); // trimpot output in mV
print(* mV "); /I added spaces are to overwrite left over chars
lcd_goto_xy(0, 1); /I 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); /I get the whole number of degrees
print_character('."); /I print the decimal point

print_long(temp - (temp/10)*10); // print the tenths digit
print_character(223); [/ print a degree symbol
print("F "); /I added spaces are to overwrite left over chars

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

6.d. Orangutan Buzzer Control Functions

Overview

Thesefunctionsallow youto easilycontrolthe buzzeronthe 3pi robot [http://www.pololu.com/catalogiproduct/975], Orangutan
SV [http:/imww.pololu.com/cataloglproduct/1227}, Orangutan SVP [http://www.pololu.com/catalogiproduct/1325] and Orangutan
LV-168 [http:/Avww.pololu.com/catalogiroduct/775] . You havethe optionof playingeithera noteor afrequencyfor a specified
durationat a specifiedvolume, or you canusethe play() methodto play an entire melodyin the backgroundBuzzer
controlis achievedusingoneof the Timer 1 PWM outputs,anddurationtiming is performedusinga Timer 1 overflow
interrupt.
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Note: The OrangutanServoand OrangutanBuzzeibrariesbothuseTimer 1, sotheywill conflict with each
other and any other code that relies on or reconfigures Timer.1

Thislibrary is incompatiblewith someolderrelease®f WinAVR. If you experienceny problemswhenusing
i this library, make surethat your copy of the compileris up-to-date.We know thatit works with WinAVR
i 20080610. i

Thebenefitto this approacths thatyou canplay noteson the buzzemwhile leavingthe CPU mostly freeto executeherest
of your code.This meansyou canhavea melodyplayingin the backgroundvhile your Orangutardoesits maintask.You
can poll thasPlaying() 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:/Avww.pololu.com/docs0J17] for examplesof this classin 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
Referencehttp://iwww.pololu.com/docs/0J18]

Usage Examples
This library comes with three exampleditipololu-avrexamples

1. buzzerl

Demonstratene way to use this libraryOsplay note() methodto play a simple melody storedin RAM. It should
immediatelystartplayingthemelody,andyou canusethetop userpushbuttorio stopandreplaythe melody. Theexample
is structuredsothatyou canaddyour own codeto themainloop andthe melodywill still play normallyin thebackground,
assuming/our codeexecutegjuickly enoughto avoidinsertingdelaysbetweerthenotes.You canusethis sametechnique
to play melodiesthathavebeenstoredin EEPROM(the megal6&asenoughroomin EEPROMto store170 notes;the
mega328 has enough room in EEPROM to store 340 notes).

#include <pololu/orangutan.h>
/*

* buzzerl:

*

* 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

/I 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)
b
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
e

unsigned char currentldx;
int main() /I run once, when the sketch starts

currentldx = 0O;
print("Music!");

while(1) /I run over and over again

/I if we haven't finished playing the song and

/l the buzzer is ready for the next note, play the next note
if (currentldx < MELODY_LENGTH && lis_playing())

{

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

/I optional LCD feedback (for fun)

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

if(note[currentldx] != 255) // display blank for rests
print_long(note[currentldx]); // print integer value of the current note

print(" "); /I overwrite any left over characters

currentldx++;

}

/I Insert some other useful code here...

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

/I 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 (currentldx < MELODY_LENGTH)
currentldx = MELODY_LENGTH; /I terminate the melody

else
currentldx = 0O; /I restart the melody
wait_for_button_release(TOP_BUTTON); // wait here for the button to be released
}
}
return O;

© 20012010 Pololu Corporation
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2. buzzer2

Demonstratebow you canusethis libraryOplay() functionto starta melodyplaying. Oncestarted the melodywill play
all theway to theendwith no furtheractionrequiredfrom your code,andtherestof your programwill executeasnormal
while the melodyplaysin the backgroundThe play() functionis driven entirely by the Timerl overflow interrupt. The
top userpushbuttorwill play a fugueby Bachfrom programmemory,the middle userpushbuttorwill quietly play theC
major scaleup andbackdownfrom RAM, andthe bottomuserpushbuttorwill stopany melodythatis 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)
/I store this fugue in program space using the PROGMEM macro.
/I Later we will play it directly from program space, bypassing the need to load it
/I all into RAM first.
const char fugue[] PROGMEM =
"I O5 L16 agafaea dac+adaea fa<aa<bac#a dac#adaea f"
"06 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#gce# MS fdfd ML e<b-e<b-"
"06 L16ragafaea dac#tadaea fa<aa<bact#a dac#adaea faeadaca"
"<p-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 06 dc#dfdc#<b c#4",

void loop() /I run over and over again
{
/I 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() /I run once, when the program starts

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

while(1)
loop();

return O;

3. buzzer3

Demonstratethe useof this libraryOplayMode()andplayCheck(methodsIn this example automatigplay modeis used

to allow themelodyto keepplayingwhile it blinksthereduserLED. Thenthemodeis switchedto play-checkmodeduring
aphasewherewe aretrying to accuratelyneasuraime. Therearethree#definemacrosthatallow youto run this example

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 Timerl 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).

*

* |f 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 ***

/I (the remaining two should be commented out)

#define WORKING_CORRECTLY // this is the right way to use playMode()

/l#define ALWAYS_AUTOMATIC // playMode() is always PLAY_AUTOMATIC (timing is inaccurate)
[[#define ALWAYS_CHECK /I playMode() is always PLAY_CHECK (delays interrupt the sequence)

#include <avr/pgmspace.h>

const char rhapsody[] PROGMEM = "06 T40 L16 d#<b<f#<d#<f#<bd#f#"
"T80 cH#<b-<f#<c#<f#<b-c#8"
"T180 d#b<fid#f#>bd#f#cHtb-<fHcHf#>b-c#8 c>cH<cH#>cH<b>cH<cH>cHce>cH<cH>cH<b>cH<cH>cH"
"c>cH<cH>cH<b->cH<cH>cHe>cH<cH#>cH#<b->cH<c#>cH"
"e>cH<cH>cHf>cH<cH>CcHe>cH<cH>CH>cH<cH>cH"
"C>cH<cH>CHtt>CH<cH>cHe>cH<cH> > ct<ct>citd#bb-bd#bf#d#citb-ab-citb-f#d#";

int main()

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

while(1)

/I 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!");

inti;

for (i=0;1<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(" "); Il clear bottom LCD line
/I 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
/I timing measurements. Instead, we will now use playCheck() to keep the sequence
/I 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
i play_check(); // check if it's time to play the next note and play it if so
#endi

}

lcd_goto_xy(0, 1);

print("max=");

print_long((unsigned int)ymaxTime);

print(" "); // overwrite any left over characters

return 0O;
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6.e.Orangutan Digital I/O Functions

Overview

This sectionof thelibrary providescommandsor usingthe AVROsinsasgenericdigital inputsandoutputs Everypin on
the AVR thathasa namestartingwith P, followed by aletterandnumber(e.g.PC2)canbeconfiguredasadigital inputor
digital output The programrunningonthe AVR canchangethe configurationof thesepinsonthefly usingthefunctions
in this library.

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

Digital outputs

Whena pin is configuredasa digital output,the AVR is eitherdriving it low (0 V) or high (5 V). This meanghatthe pin
hasa strongelectricalconnectiorto either0 V (GND) or 5 V (VCC). An outputpin canbeusedto senddatato a peripheral
device or supply a small amount of power (for example, to light an LED).

Digital inputs

Whena pin is configuredasadigital input, the AVR canreadthevoltageon the pin. Thereadingis alwayseitherlow (0)
or high (1). Basically,a low readingmeansthat the voltageis closeto 0V, while a high readingmeansthatthe voltage
is closeto 5V (seethe DC characteristicsectionof your AVROsdatasheefor details).Note that whenwe talk about
absolute voltages in this document, we are assuming that the voltage of the ground (GND) line is defin&d to be 0

Everyl/O pin onthe AVR comeswith aninternal20B5&ilo-ohm pull-up resistorthatcanbeenabledr disabled A pull-
up resistoris aresistorwith arelatively high resistanceéhatconnectdetweenra pin andthe5 V supply(VCC). If nothing
is driving the pin strongly,thenthe pull-up resistorwill pull the voltageon the pin upto 5 V. Pull-upresistorsareuseful
for ensuringthatyour input pin reaches well-known statewhennothingis connectedo it. If your input pin hasnothing
connectedo it andthe pull-up resistoris disabledthenit is calledafloating pin. In generaljt is notrecommendetb 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 pinsto voltagesoutsidetheir allowedrange,which
is-0.5V B5.5V (assuminga VCC of 5 V). Forexampledo notconnectany AVR pinsdirectly to anRS-232output,
which varies between -12 and 12V. You can use a voltage divider circuit to overcome this limitation.

¥ Drawing too much current from an output pin: Be sureyou do notattemptto drawtoo muchcurrentfrom your
outputpin; it may break.Basically,eachoutputpin cansupplyup to 20 mA of current(seethe DC characteristics
sectionof your AVROgatasheefor details). This is enoughto powertypical LEDs, but is too smallfor manyother
devices. You can use a transistor to overcome this limitation.

¥ Shorts: Be surethatyou do not connecta high outputpin to a low outputpin. This connectionis calleda short
becauset resultsin a low-resistancgathfrom VCC to groundwhich will conductlarge amountsof currentuntil
something breaks.

¥ Alternative functions: Many of the pins on the AVR havealternativefunctions.If thesealternatefunctionsare
enabledthenthefunctionsin thislibrary maynotwork onthosepins.Forexamplejf you haveenabledJARTO, 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 examplelipololu-avr\examples
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1. digitall

This exampleprogramtakesa digital readingon PC1,andusesthatreadingto decidewhetherto drive pin PD1 (thered
LED pin) low or high. You cantestthat the exampleis working by connectinga wire from PC1to ground.Whenthe
connection is made the red LED should change state.

#include <pololu/orangutan.h>

/*
* digitall: 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).

* |f 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()

/I Make PC1 be an input with its internal pull-up resistor enabled.
/I'lt will read high when nothing is connected to it.
set_digital_input(I0_C1, PULL_UP_ENABLED);

while(1)
if(is_digital_input_high(I0_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://imww.pololu.com/catalogiproduct/975], Orangutan SV [http://www.pololu.com/catalogfproduct/1227},  Orangutan
SVP [http:/iwww.pololu.com/catalogiproduct/1325, and Orangutan LV-168 [http://www.pololu.com/cataloghproduct/775]. It
implementsthe standard4-bit HD44780protocol,andit usesthe busy-wait-flagfeatureto avoid the unnecessariljong
delayspresenin other4-bit LCD controllibraries.This comprehensivéibrary is meantto offer asmuchLCD controlas
possible soit mostlikely givesyou moremethodshanyou need.Make sureto usethelinker option -wi,-gc-sections
when compiling your code,so that theseextrafunctionswill not be includedin your hexfile. SeeSection7 for more
information.

This library is designedo gracefully handlealternateuseof the four LCD datalines. It will changetheir datadirection
registersaandoutputstatesonly whenneededor anLCD commandafterwhichit will immediatelyrestoretheregisterdo
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:/Awww.pololu.com/docs0J17] for examplesof this classin the Arduino environment,which is almost
identical to C++.

Completedocumentatiorof this libraryOsnethodscan be found in Section5 of the Pololu AVR Library Command
Referencghttp:/imww.pololu.com/docs/0J18]
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Usage Examples
This library comes with two examplesiispololu-avrexamples

1.lcdl
Demonstrates shifting the contents of the display by moving the word OHelloO 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"); /I 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(); /I clear the LCD
lcd_goto_xy(3, 1); /I go to the fourth character of the second LCD line
print("Hello"); /I 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(); /I clear the LCD
}

return O;

1.lcd2
Demonstratesreatinganddisplayingcustomcharacter®n the LCD. Thefollowing pictureshowsanexampleof custom
characters, using them to display a bar graph of sensor readings and a smiley face:

#include <pololu/orangutan.h>

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

/*
* |cd2: 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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I
#

* 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 = {

h

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

const char sad[] PROGMEM = {

k

0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b00000

const char indifferent[] PROGMEM = {

e

0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
0b00000,
0b01110,
0b00000

const char surprised[] PROGMEM = {

h

0b00000,
0b01010,
0b01010,
0b00000,
0b01110,
0b10001,
0b10001,
0b01110

const char mocking[] PROGMEM = {

k

0b00000,
0b01010,
0b01010,
0b01010,
0b00000,
Ob11111,
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(); /I this must be called before we can use the custom characters
print(*mood: ?");

© 20012010 Pololu Corporation

// initialize the random number generator based on how long they hold the button the first time
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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); /I 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 O;

6.9.Orangutan LED Control Functions

Overview

Thesefunctionsallow you to easily control the user LED(S) on the 3pi Robot http://imww.pololu.com/catalog/hroduct/975],
Orangutan SV [http://www.pololu.com/catalogproduct/1227],  Orangutan  SVP[http://www.pololu.com/catalogfproduct/1325},
Orangutan LV-168 [http:/mww.pololu.com/catalogiproduct/775], and Baby Orangutan B [http://imww.pololu.com/catalog/roduct/
1220] Onthe OrangutarBV-xx8 andLV-168, therearetwo userLEDs areon thetop sideof the PCBwith theredLED on
thebottomleft andthegreenLED onthetopright. Onthe3pi, therearetwo userLEDs onthebottomsideof the PCBwith
thered LED ontheright (whenlooking atthe bottom)andthe greenLED ontheleft. Additional LEDs includedwith the
3pi maybesolderedn onthetop side(in parallelwith the surface-mountEDs on the undersidefor easiewiewing. The
OrangutarSVP hastwo userLEDs: ared LED onthebottomright anda greenLED onthetop left. The Baby Orangutan
has a single red LED and no green LED.

Note thatthe red LED is on the samepin asthe UARTO serialtransmitter(PD1), soif you areusingUARTO for serial
transmissiorthenthe red LED commandswill not work, andyou will seethe red LED blink briefly wheneverdatais
transmittedon UARTO. 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:/Avww.pololu.com/docs0J17] for examplesof this classin the Arduino environment,which is almost
identical to C++.

Complete documentationof thesefunctions can be found in Section 10 of the Pololu AVR Library Command
Referenceghttp://www.pololu.com/docs/0J18]

This library comes with an example prograntitipololu-avriexamples

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

}

return O;

6.h. Orangutan Motor Control Functions

Overview

This set of functions gives you the ability to control the motor drivers on the 3pi Robot [http://www.pololu.com/catalog/
product/975], Orangutan SV [http://iwww.pololu.com/catalogfproduct/1227], Orangutan SVP[http://www.pololu.com/catalogfproduct/
1325}, Orangutan LV-168 [http:/iwww.pololu.com/cataloghroduct/775], and Baby Orangutan B [http:/iwww.pololu.com/catalog/
product/1220} It accomplisheghis by using the four hardwarePWM outputsfrom timers TimerO and Timer2, so this
library will conflict with any other libraries that rely on or reconfigure TimerO or Timer2 .

C++ users: See Section 5.e of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http:/Avww.pololu.com/docs0J17] for examplesof this classin 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
Referenceghttp://www.pololu.com/docs/0J18]

Usage Examples
This library comes with two examplesilispololu-avriexamples

1. motorsl
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)
{

/I note that the following line could also be accomplished with:
/l'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); /I turn red LED off
delay_ms(ledDelay);

2. motors2

Demonstratesontrolling the motorsusingthe trimmer potentiometerbut it usesthe LCD for mostof the feedbacksoit
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() /I run over and over again
while(1)
{
/I note that the following line could also be accomplished with:
/l'int pot = analogRead(7);
int pot = read_trimpot(); // determine the trimpot position

/l avoid clearing the LCD to reduce flicker
lcd_goto_xy(0, 0);

print("pot=");
print_long(pot); /I print the trim pot position (0 - 1023)
print(" "); /I overwrite any left over digits

int motorSpeed = (512 - pot) / 2;

lcd_goto_xy(0, 1);

print("spd=");

print_long(motorSpeed); /I print the resulting motor speed (-255 - 255)
print(* ");

set_motors(motorSpeed, motorSpeed); // set speeds of motors 1 and 2

/I all LEDs off

red_led(0);

green_led(0);

/I 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 threeuserpushbuttonn the 3pi robot [http://www.pololu.com/catalog/
product/975], Orangutan SV [http://imww.pololu.com/catalogiproduct/1227], Orangutan SVPhttp://www.pololu.com/catalogfproduct/
1325}, andOrangutan LV-168 [http://www.pololu.com/catalogiroduct/775] by eitherpolling for the stateof specificbuttonsor
by waiting for pressfeleasesventson specifiablebuttons.Thefirst time anyfunctionin this sectionis called,the function
will initialize all the button1/O pinsto be inputs and enabletheir internal pull-up resistors The wait_for_button_E()
methods in this library automatically take care of button debouncing.

C++usersSeeSection5.f of Programming Orangutansfrom the Arduino Environment [http:/iwww.pololu.com/docs0J17]
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
Referencehttp:/iwww.pololu.com/docs/0J18]

This library comes with an example progranitipololu-avr\examples

1. pushbuttonsl

Demonstratemterfacingwith the userpushbuttonsit will wait for you to pusheitherthetop buttonor the bottombutton,
atwhich pointit will displayonthe LCD which buttonwaspressedit will alsodetectwhenthatbuttonis subsequently
released and display that to the LCD.

#include <pololu/orangutan.h>

/*
* OrangutanPushbuttonExample: for the Orangutan LV-168,
* QOrangutan 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");

/I wait for either the top or bottom buttons to be pressed
/I store the value of the pressed button in the variable 'button’
ulnsig(;led 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");
V\iait _(f)or_button_release(button); /I 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://imww.pololu.com/cataloglproduct/975], Orangutan SV [http://www.pololu.com/catalogfproduct/1227}, ~ Orangutan
SVP [http://www.pololu.com/catalogiproduct/1325}, Orangutan LV-168 [http://www.pololu.com/catalogiproduct/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 USARTO_UDRE_vect
USARTO_RX_ vect USART1 _UDRE_vect andUSART1_RX vectinterrupts,sotheywill conflict with any codethat
also uses these interrupts.

Onthe3pi robot, Orangutan SV, Orangutan LV-168, andBaby Orangutan B, usingthesefunctionswill causehered
userLED functionsto stopworking, becaus¢hered LED is onthe samepin asthe UART transmitte(PD1/TXD). When
the AVR is nottransmittingbyteson TXD, thered LED will beon.Whenthe AVR is transmittingbyteson TXD, thered
LED will flicker.

Onthe Orangutan SVP, usingthesefunctionsto control UARTO will causethereduserLED functionsto stopworking,
becaus¢heredLED is onthe samepin asthe UARTO transmitte{PD1/TXD0). Whenthe AVR is not transmittingbytes
on TXDO, thered LED will beoff. Whenthe AVR is transmittingbyteson TXDO, thered LED will flicker. However,the
AVR onthe OrangutarSVP hastwo UARTS, soif youwantto usethered LED andyou only needone UART thenyou
can uséJART1 instead oflUARTO.

Completedocumentatiorof this libraryOsnethodscan be found in Section 10 of the Pololu AVR Library Command
Referenceghttp://www.pololu.com/docs/0J18]

Usage Examples

Examplecodefor makingthe 3pi Robotinto a serialslave,controlledby anothemicrocontroller,is givenin Section10.a
of the Pololu 3pi Robot UserO§uide [http://imww.pololu.com/docspJ21]. This library alsocomeswith anexampleprogramin
libpololu-avr\examples

seriall
#include <pololu/orangutan.h>

/*
* seriall: for the Orangutan controllers and 3pi robot.
*

* This example listens for bytes on PDO/RXD. Whenever it receives a byte, it
* performs a custom action. Whenever the user presses the middle button, it
* fransmits 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 UARTO to all the serial_*

* function calls.

*

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

* http://forum.pololu.com

*/

/I receive_buffer: A ring buffer that we will use to receive bytes on PDO/RXD.
/I The OrangutanSerial library will put received bytes in to

/I the buffer starting at the beginning (receiveBuffer[0]).

/I After the buffer has been filled, the library will automatically

/I start over at the beginning.
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char receive_buffer[32];

Il receive_buffer_position: This variable will keep track of which bytes in the receive buffer
/I 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;

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

/I wait_for_sending_to_finish: Waits for the bytes in the send buffer to
/I finish transmitting on PD1/TXD. We must call this before modifying

/I send_buffer or trying to send more bytes, because otherwise we could
/I corrupt an existing transmission.

void wait_for_sending_to_finish()

while(!serial_send_buffer_empty());

/I process_received_byte: Responds to a byte that has been received on
/I PDO/RXD. If you are writing your own serial program, you can

/I replace all the code in this function with your own custom behaviors.
void process_received_byte(char byte)

?witch (byte)

I If the character 'G' is received, turn on the green LED.
case 'G"

green_led(1);

break;

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

green_led(0);

break;

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

case 'c".
play_from_program_space(PSTR("c16"));
break;

/I'If the character 'd' is received, play the note d.
case 'd":
play_from_program_space(PSTR("d16"));
break;
/I If any other character is received, change its capitalization and
/I 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)

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

/I Increment receive_buffer_position, but wrap around when it gets to

/Il 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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{
/I 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);
/I Start receiving bytes in the ring buffer.
serial_receive_ring(receive_buffer, sizeof(receive_buffer));
while(1)
{
/I Deal with any new bytes received.
check_for_new_bytes_received();
/I If the user presses the middle button, send "Hi there!"
/I 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);
/I Wait for the user to release the button. While the processor is
/I waiting, the OrangutanSerial library will take care of receiving
/I bytes using the serial reception interrupt. But if enough bytes
/[ arrive during this period to fill up the receive_buffer, then the
/I older bytes will be lost and we won't know exactly how many bytes
/I 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.

Complete documentationof thesefunctions can be found in Section 11 of the Pololu AVR Library Command
Referencehttp://www.pololu.com/docs/0J18]

Note: The OrangutanServoand OrangutanBuzzeibrariesboth useTimer 1, sotheywill 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 thatyou cancommandto turn to a
specificlocation.To controla servo,you mustconnectits threewires properly. The black wire is ground,andshouldbe
connectedo the groundline of your OrangutanThered line is power,andshouldbe connectedo powersupplywith a
voltagethatis within the operatingrangeof your servo,andthatis capableof supplyingall the currentthat your servo
might draw. The white line is signal,andshouldbe connectedo a pin thatgenerateservopulsessuchasan|/O line on
the OrangutanThe Orangutan/O headeiblocksmakeit easyto connectyour servos becauseachcolumnof the block
contains ground, power, and an /O line in the correct order.

To makeyour servomove,you mustoutputa high pulseto the signalline every20 ms. The pulsewidth (alsocalledpulse
lengthor pulseduration)determinesvhich positionthe servowill moveto. Thus,everypulsewidth (typically measuredh
microsecondsgorrespondso someangle(typically measuredn degreespf the servoOsutputshaft. Typical servoshave
a limited range of motion, and this entire range of motion can be reached with pulse widths behseerd ns.

Takecarewhenchoosingoulsewidths,becaussomeservosarecapableof breakingthemselved theyarecommandedo
moveto a positionoutsidetheir rangeof motion. To startoff, you cansendpulsewidthsof 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 every Orangutan exceptthe Orangutan SVP, eachservorequiresonefreel/O pin. Thelibrary allowsyouto choose
which I/O pinsto usefor your servos.On the Baby Orangutan B, thereareenoughfreeI/O linesfor you to control the
full 16 servos.Onthe Orangutan SV andOrangutan LV-168, thereare8 freel/O lines soyou caneasilycontrol eight
servosputyou cancontrolmoreservosf youremovethe LCD or otherunusechardwareThe pulsesaregeneratedising
software PWM.

On the Orangutan SVP, the pulses(for your first 8 servos)areall generatedn pin PD5. This pin is a hardwarePWM
output(OC1A), sothe OrangutanServdibrary generateshe servopulsesusinghardware®WM, which is moreaccurate
andtakesessCPUtimethansoftwarePWM. Pin PD5is connectedo theinputline of anon-board3-outputdemultiplexer.
If you just needto control one servo,you canleavethe demultiplexerinput lines disconnectedand plug your servoin
to servoport 0. If you wantto control morethanoneservo,thenyou mustchoosewhich free I/O linesto connectto the
demultiplexerOhreeoutput-selectiotines. If you useonel/O line, you cancontroltwo servoslf you usetwo I/O lines,
you cancontrolup to four servos|If you usethreel/O lines,thenyou cancontrolup to eightservoslf you needto 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 exampledgiipololu-avrexamples

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
/I sequence of servo movements.

if (button_is_pressed(TOP_BUTTON))

{

/I Set the servo speed to 150. This means that the pulse width

/I will change by at most 15 microseconds every 20 ms. So it will

/I take 1.33 seconds to go from a pulse width of 1000 us to 2000 us.
set_servo_speed(0, 150);

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

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

if (button_is_pressed(BOTTOM_BUTTON))
{

/I While the user holds down the bottom button, move the servo
/I slowly towards position 1800.

set_servo_speed(0, 60);

set_servo_target(0, 1800);
wait_for_button_release(BOTTOM_BUTTON);

/I When the user releases the bottom button, print its current
/I 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);

}

/I Local Variables: **

/I mode: C **

/I c-basic-offset: 4 **

[/l tab-width: 4 **

/I indent-tabs-mode: t **
/I end: **

2. svp-eight-servo
This exampleprogram demonstratediow 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 1/O pins to their

* corresponding servo demultiplexer output-selection pins.

* - Connect PB3 to SA.

* - Connect PB4 to SB.

* - Connect PCO to SC.

*

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

* http://forum.pololu.com

*

int main()

/I This array specifies the correspondence between I/O pins and DEMUX

/I 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

/I to control fewer servos.

const unsigned char demuxPins[] = {IO_B3, I0_B4, 10_CO0},; // eight servos, B3=SA, B4=SB, C0=B5.
/lconst unsigned char demuxPins[] = {IO_B3, IO_B4};  // four servos, B3=SA, B4=SB

/lconst unsigned char demuxPins[] = {IO_B3}; /I two servos, B3=SA

/lconst unsigned char demuxPins[] = {}; /I one servo

servos_init(demuxPins, sizeof(demuxPins));

/I Set the servo speed to 150. This means that the pulse width

/I 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);

/I 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.

/I When the user presses the top button, execute a pre-programmed
/I 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 exampleprogramdemonstratefiow 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 1/O pins to their

* corresponding servo demultiplexer output-selection pins.

* - Connect PB3 to SA.

* - Connect PB4 to SB.

* - Connect PCO to SC.

* Servos a0-a7 will be on the servo demux outputs.

* Servos bO-b7 will be on pins PAO-PA7.

*

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

* http://forum.pololu.com

*

int main()

/I This array specifies the correspondence between I/O pins and DEMUX

/I output-selection pins. This demo uses three pins, which allows you

/I to control up to 8 servos from the demux.

const unsigned char demuxPins[] = {IO_B3, I0_B4, I0_CO0}; // B3=SA, B4=SB, C0=B5.

/I This array specifies the correspondence between I/O pins and
/I software-PWMed servos.
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const unsigned char servoPinsB[] = {IO_AO0, IO_A1, I0_A2, I0_A3, I0_A4, I0_A5, I0_A6, I0O_AT};
servos_init_extended(demuxPins, sizeof(demuxPins), servoPinsB, sizeof(servoPinsB));

/I Set the servo speed to 150. This means that the pulse width

/I 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 O
set_servo_speed(1, 150); // Servo al = 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 AO
set_servo_speedB(1, 150); // Servo bl = pin Al
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

/I 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.

/I When the user presses the top button, execute a pre-programmed
/I 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);

}
}

/I Local Variables: **

/I mode: C **

/I c-basic-offset: 4 **

/Il tab-width: 4 **

/I indent-tabs-mode: t **
/I end: **

6.1. Orangutan SVP Functions

Overview

The Orangutan SVPnttp://www.pololu.com/catalogiproduct/1325] is based on the AVR ATmega324or ATmegal284
processorlt hasanauxiliary processothatprovidesthe USB connectionfive configurableinputlines,andbatteryvoltage
reading.Severabartsof thePololuAVR C/C++Library havebuilt-in supportfor usingtheauxiliary processorsoyouwill
not needto worry aboutthe detailsof the SerialPeripheralnterface(SPI) protocolusedto talk to the auxiliary processor.
If you are curious about the details of the SPI protocol, you can read the C++ source code of the library.

Complete documentationof the SVP-specificfunctions can be found in Section 13 of the Pololu AVR Library
Command Referenceghttp://www.pololu.com/docs/0J18]

An overviewof theanaloginput functions,which supportreadingthe analoginputson the SVPOauxiliary processorgan
be foundin Section6.c. An overviewof the serial port communicatiorfunctions,which supportsendingandreceiving
bytes from the computer via the auxiliary processorOs USB connection, can be 8eotibm6.j

Setting the mode
Oneof thefirst thingsto think aboutwhenwriting a programfor the SVPis whatmodeyou wantthe auxiliary processor
to be in.

If youwantto usequadratureencodersyou canusethe SVP_MODE_ENCODER®0deandlet the auxiliary processor
handle the readings from two quadrature encoders on lines A, B, C and D/RX.

If you wantto maximizethe numberof analoginputs available,you canusethe SVP_MODE_ANALOGmodewhich
makesA, B, C, andD/RX beanaloginputs.The ADC/SSline is alsoavailableasananaloginput. It is hardwiredto a user
trimpot, butyou cancutthelabeledtracebetweenrADC/SSandPOT on the bottomof the boardto disconnecthe pot, and
thenconnectsomethingelseto thatpin. This allowsyou to useatotal of 13 analoginputs:eightonthe AVR andfive on
the auxiliary processorAll 13 inputscanbe readusingthe samefunctions(seeSection6.c), soyou donOheedto worry
too much about which processor is converting them.

If you wantto 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 the RX line will be sentto the computeron the Pololu OrangutarSVP TTL SerialPort. The RX line, along
with the TX line (which is alwaysthe serialtransmitline) makethe OrangutarSVPOswuxiliary processofunction asa
USB-to-TTL-serialadapterfor your computer allowing you to control serialdevicesfrom your computer Alternatively,
you cancontrolthe serialdevicesdirectly from the AVR usingthe functionsin Section6.j andyou canusethe RX line to
monitor and debug the bytes that are being transmitted (or received) by the AVR.

You canusethe setMode()commandat the beginningof your programto setthe modeof theauxiliary processorSeethe
Pololu AVR Library Command Reference for details.
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Powered by SPI

Whenevelyou call afunctionin the PololuAVR Library thatusesthe auxiliary processorthe function mightinitiate SPI

communicatiorto the auxiliary processorThis meansthatthe MOSI (PB5) and SCK (PB7) pins will be setto outpults,
the MISO (PB6)pin will be setasaninput, a pull-up resistorwill be enablecon SS(PB4)if it is aninput, andthe AVROs
hardwareSPI modulewill be enabled.The functionsthat do this include any analoginput function that usesan input

on the auxiliary processorany function for readingthe batteryvoltageor trimpot, any serial port function that usesthe

USB_COMMport, and any function specific to the Orangutan SS&ction 13of the Command Reference).

PB4 should be an output .
In orderfor the functionsthattalk to the auxiliary processoto work, the SS(PB4) pin must either be an output or be
an input that is always high. The AVROsSPI moduleis designedsothatif SSis aninput andit readslow (0 V), then
the SPImodulewill automaticallygoin to slavemode(the MSTR bit in SPCRwill becomezero),makingit impossibleto
communicatewith the auxiliary processorThereforejt is recommendethatyou makeSSan outputat the beginningof
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(I0_B4, LOW); // Make SShar an output (C++ only)
DDRB |= 1<<DDB4; // Make SSbar an output

Usage Examples
This library comes with an example progranitipololu-avr\examples

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

#include <pololu/orangutan.h>

/*
* svpl: 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()

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

/I 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())

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

else if (usb_power_present())

/I Connected to USB.
print("usb");
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i{f (usb_suspend())

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

i{f (dtr_enabled())

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

}

if (rts_enabled())

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

/I 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 reflectancesensorswhich come as single-sensowunits

(QTR-1A [http://www.pololu.com/cataloghroduct’/958] and QTR-1RC [http://www.pololu.com/catalogiroduct/959]) Or as 8-sensor
arrays (QTR-8A [http://www.pololu.com/catalogiproduct/960] and QTR-8RC [http://www.pololu.com/catalogiproduct/961]). TO

initialize the setof sensorghatyou areusing,chooseeitherthe qtr_analog_init() or gtr_rc_init() function,andspecify
the setof pins connectedo the sensordhatyou will be using. The initialization may only be called oncewithin the C

environment, while C++ allows the sensors to be used in more complicated ways.

Thesefunctionsareusedby the 3pi supportdescribedn the 3pi Robot UserOsuide [http://www.pololu.com/docsnJ21]. We
do not recommend using these functions directly on the 3pi unless you are adding additional sensors.

C++ wusers: See Section 3 of Programming Orangutans and the 3pi Robot from the Arduino
Environment [http:/Avww.pololu.com/docs0J19] for examplesof this classin the Arduino environment,which is almost
identical to C++.

Complete documentationof thesefunctions can be found in Section 16 of the Pololu AVR Library Command
Referencehttp://iwww.pololu.com/docs/0J18]

Usage Notes

Calibration

This library allows you to usethe calibrate() methodto easily calibrateyour sensorgor the particularconditionsit will
encounterCalibratingyour sensorganleadto substantiallymorereliablesensoreadingswhichin turn canhelpsimplify
your codesince.As such,we recommend/ou build a calibrationphasento your applicationOiitialization routine. This
canbeassimpleasafixed durationoverwhichyourepeatedall thecalibrate() method During this calibrationphaseyou
will needto exposesachof your reflectancesensorgo thelightestanddarkestreadingsheywill encounterForexample,
if you havemadea line follower, you will wantto slide it acrossthe line duringthe calibrationphasesothe eachsensor
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()

[l initialize your QTR sensors

unsigned char gtr_rc_pins[] = {14, 15, 16},

qgtr_rc_init(gtr_rc_pins, 3, 2000, 255); // 800 us timeout, no emitter pin

/l'int gtr_analog_pins[] = {0, 1, 2},

/I gtr_analog_init(qtr_analog_pins, 3, 10, 14); // 10 samples, emitter pin is PCO

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

/I then start calibration phase and move the sensors over both

/I reflectance extremes they will encounter in your application:

int i

for (i=0; i< 250; i++) /I make the calibration take about 5 seconds

qtr_calibrate(QTR_EMITTERS_ON);
delay(20);

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

while (1)

/I main body of program goes here

return O;

Reading the Sensors

This library gives you a number of different ways to read the sensors.
1. You canrequestraw sensorvaluesusing the read() method,which takesan optional argumentthat lets you
performthe readwith the IR emittersturnedoff (notethatturningthe emittersoff is only supportedoy the QTR-8x
reflectance sensor arrays).

2. You canrequestalibratedsensowaluesusingtheqtr_read_calibrated() function,which alsotakesan optional
argumenthatlets you performthe readwith the IR emittersturnedoff. Calibratedsensowalueswill alwaysrange
from 0 to 1000, with 0 beingasor morereflective (i.e. whiter) thanthe mostreflective surfaceencountereduring
calibration,and 1000 being as or lessreflective (i.e. blacker)thanthe leastreflective surfaceencounterediuring
calibration.

3. For line-detectionapplications,you can requestthe line location using the qtr_read_line() functions, which
takesasoptionalparameters booleanthatindicateswhetherthe line is white on a black backgrouncor black on a
white backgroundanda booleanthatindicateswhetherthe IR emittersshouldbe on or off duringthe measurement.
gtr_read_line() providescalibratedvaluesfor eachsensorlandreturnsanintegerthattells youwhereit thinkstheline
is. If you areusingN sensorsa returnedvalueof 0 meanst thinkstheline is on or to the outsideof sensoi0, anda
returnedvalueof 1000* (N-1) meanst thinkstheline is on or to the outsideof sensoiN-1. As you slideyour sensors
acrosgheline, theline 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];

/I get calibrated sensor values returned in the sensors array, along with the line position

/I 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);

/I'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)

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

/I compute our "error" from the line position. We will make it so that the error is zero when

/I 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
/I means that we see the line on the left and a reading of +1000 means we see the line on

/I 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

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

PID Control

The integervalue returnedby qtr_read_line() canbe easily convertedinto a measureof your position error for line-
following applicationsaswasdemonstratech the previouscodesample Thefunctionusedto generatehis positionérror
valueis designedo be monotonicwhich meanghevaluewill almostalwayschangen the samedirectionasyou 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 codegivesa very simpleexampleof PD control (I find theintegralPID termis usuallynotnecessarywhen
it comesto line following). The specificnatureof the constantwill be determinedy your particularapplicationbutyou
shouldnotethatthe derivativeconstantd is usuallymuchbiggerthanthe proportionalconstantKp. This is becausehe
derivativeof the erroris a muchsmallerquantitythanthe erroritself, soin 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];

/I get calibrated sensor values returned in the sensors array, along with the line position

/I 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);

/I compute our "error” from the line position. We will make it so that the error is zero when

/I the middle sensor is over the line, because this is our goal. Error will range from

/I -1000 to +1000. If we have sensor 0 on the left and sensor 2 on the right, a reading of -1000
/l means that we see the line on the left and a reading of +1000 means we see the line on

/I the right.

int error = position - 1000;

/I set the motor speed based on proportional and derivative PID terms

/I KP is the a floating-point proportional constant (maybe start with a value around 0.1)
/I KD is the floating-point derivative constant (maybe start with a value around 5)

/I note that when doing PID, it's very important you get your signs right, or else the

/I control loop will be unstable

int motorSpeed = KP * error + KD * (error - lastError);

lastError = error;

/I M1 and M2 are base motor speeds. That is to say, they are the speeds the motors should
/I spin at if you are perfectly on the line with no error. If your motors are well matched,

/I M1 and M2 will be equal. When you start testing your PID loop, it might help to start with
/I small values for M1 and M2. You can then increase the speed as you fine-tune your

/I PID constants KP and KD.

int m1Speed = M1 + motorSpeed;

int m2Speed = M2 - motorSpeed;

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

mlSpeed = 0;
if (m2Speed < 0)

m2Speed = 0;

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

}

6.n. Pololu Wheel Encoder functions

The PololuWheelEncoderslassand the associatedC functionsprovide an easyinterfacefor using the Pololu Wheel
Encodersihttp://www.pololu.com/catalogiproduct/1217}, which allow a robot to know exactly how far its motorshaveturned
at any point in time. Note that this library shouldwork with all standardquadratureesncodersnot just the Pololu Wheel
Encoders.

This sectionof thelibrary makesusesof pin-changenterruptsto quickly detectandrecordeachtransitionontheencoder.
Interruptvectorsfor PCINTO, PCINT1, PCINT2 will be definedif functionsfrom this library areused,evenif the pins
selectedare all on a single port, so this sectionof the library will conflict with any other usesof theseinterrupts.
Theinterruptserviceroutine (ISR) will takeabout20-30us.If you needbettercontrol of theinterruptsused,or you want
to write a more efficient ISR, you cancopy the library codefrom PololuWheelEncoders.cgpto your own projectand
modify it as necessary.

Completedocumentatiorof this libraryOsnethodscan be found in Section 18 of the Pololu AVR Library Command
Referencehttp://www.pololu.com/docs/0J18]

Usage Notes

The two sensorsA andB on the encoderboardgo througha four-stepcycle aseachtooth of the wheelpassedy, for a
total of 48 countsperrevolution.This correspond$o about3 mm for eachcount,thoughyouwill 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,becauseaf two countsoccur quickly enough,the ISR will not be able to
determinethe directionof rotation.In this case,an error canbe detecteddy the functionsencoders_check error_mi()
or encoders_check_error_m2()An errorlike this eithercorresponds$o a miscalibrationof the encodeior atiming issue
with the software.For example|jf interruptsaredisabledfor severaimswhile the wheelsarespinningquickly, errorswill
probably occur.

Usage Examples

This library comeswith one exampleprogramin libpololu-avr\examples . The examplemeasureshe outputsof two
encoderspneconnectedo portsPC2andPC3,andanotherconnectedo portsPC4andPC5bthesearetheleftmostfour
portson the OrangutanThe valuesof thetwo encodemutputsaredisplayedonthe LCD, anderrors(if any)arereported
below. For useon the Baby Orangutanyemovethe LCD display code (and comeup with someotherway to usethe
values).

1. wheel_encodersl

#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 getting one of the simple exampleso work with an Orangutancontrolleror 3pi robot, you can startworking on
more complicatedprogramsof your own. The library provideseasyaccesgo all of the featuresof the Orangutansand
3pi, including the LCD screen,buttons,LEDs, motors,and buzzer.There are also functionsin the library that make
it easyfor you to do more general-purposeperationswith the AVR, suchastiming and analog-to-digitalconversion.
The library also providessupportfor the Pololu QTR sensorghttp://www.pololu.com/cataloghroduct’961] and the Pololu
Wheel Encodershttp://imww.pololu.com/catalogiproduct/1217] (it shouldactuallywork for quadratureencodersn general) For
a complete list of functions provided by the library, seectmmand referencehttp://iwww.pololu.com/docs/0J18]

Usually,the easiestvay to adaptthis codeto your own projectswill beto startwith aworking exampleandgraduallyadd
thethingsthatyou need,onestepatatime. However,if youwantto startfrom scratchtherearejustafew 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/qgtr.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 passinghe -Ipololu_atmegax optionto avr-gcc  duringthelinking step,wherex canbe 48, 168, 328p,
324p, 644p, Or1284p.

To add the -Ipololu_atmegaX option within AVR studio, selectProject > Configuration Options > Libraries. You
should see libpololu_atmega48.a , libpololu_atmegal68.a , libpololu_atmega328p.a , libpololu_atmega324p.a ,
libpololu_atmega644p.a , andlibpololu_atmegal284p.a listedasoptionsin theleft column.Selecthefile thatmatches
the microcontrolleryou are programmingandclick OaddibraryOto addit to your project. Note that the 3pi robotswith
serialnumberdessthan0J5840usethe ATmegal68nicrocontroller;3pi robotswith serialnumber0J5840or greateruse
the ATmega328 microcontroller.
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AVR Studio library settings for using the Pololu AVR library (libpololu).

Finally, we alsostronglyrecommendhe linker option -wi,-gc-sections . This causesinusedibrary functionsto not be
included,resultingin amuchsmallercodesize.To includethisin AVR Studio,selectProject > Configuration Options
> Custom Options Click on [Linker options] and add:

-WI,-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 Referencehttp:/iwww.pololu.com/docs0J18]. detailed information about every
function in the library.

¥ Programming Orangutans and the 3pi Robot from the Arduino Environment [http://www.pololu.com/docs0J17]:
information about using this library to program Orangutans and the 3pi robot from within the Arduino environment.

¥ Arduino Library for the Pololu QTR Reflectance Sensorshttp://imww.pololu.com/docs0J19]: information about
using the QTR sensor portion of this library from within the Arduino environment.

Pololu 3pi Robot UserOs Guidsttp://www.pololu.com/docs/0J21]

Pololu Orangutan SV and LV-168 UserOs Guidetp://iwww.pololu.com/docs/0J27]

Pololu Orangutan SVP UserOs Guidktp://iww.pololu.com/docs/0J39]

Pololu Baby Orangutan B UserOs Guidsttp://www.pololu.com/docs/0J14]

Pololu USB AVR Programmer UserQOs GuidBgttp://www.pololu.com/docs/0J36]

Pololu Orangutan USB Programmer UserQOs Guidietp:/mwww.pololu.com/docs/0J6]

WInAVR [http://winavr.sourceforge.net/]

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

AVR Libc Home Pagelhttp:/iwww.nongnu.org/avr-libc/]

ATmega328P documentatiofthttp://www.atmel.com/dyn/products/product_card.asp?PN=ATmega328P]
ATmega324PA documentationhttp://www.atmel.com/dyn/products/product_card.asp?PN=ATmega324PA]
ATmegal284P documentatiofhttp://iwww.atmel.com/dyn/products/product_card.asp?PN=ATmegal284P]

ATmegal68 documentationnttp://www.atmel.com/dyn/products/product_card.asp?PN=ATmega168]

K K K K K K K K K K K K K K

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 Rolbki Robotics Forumihttp://forum.pololu.com/] !
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