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1. Introduction

This document describes a programming library designed for use with Pololu products. The library is used to
create programs that run on Atmel ATmegal284P, ATmega644P, ATmega324PA, ATmega328P, ATmegal68

and ATmega48 processors, and it supports the following products:
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o Pololu 3pi robot [http://www.pololu.com/catalog/product/975]: a megal68/328-based programmable

robot. The 3pi robot essentially contains an SV-328 and a 5-sensor version of the QTR-8RC, both
of which are in the list below.

Pololu Orangutan SVP-1284: based on the megal284, the SVP-1284 is our newest Orangutan
robot controller. It is a super-sized version of the SV-328, with a built-in AVR ISP programmer,
more 1/O lines, more regulated power, and more memory. It also features hardware that makes it
easy to control up to eight servos with a single hardware PWM and almost no processor overhead.

Pololu Orangutan SVP-324: based on the mega324, the SVP-324 is a version of the SVP-1284
with less memory. The two versions are completely code-compatible (the same code will run on
oth devices as long as it’s small enough to fit on the ATmega324PA).

. Pololu Orangutan X2: based on the megal284, the X2 robot controller is the most powerful
B Orangutan. It features an auxiliary microcontroller devoted to controlling much of the integrated
hardware (it also acts as a built-in AVR ISP programmer) and high-power motor drivers capable of
delivering hundreds of watts.

Pololu Orangutan SV-328 [http://www.pololu.com/catalog/product/1227] a full-featured,
mega328-based robot controller that includes an LCD display. The SV-328 runs on an input
voltage of 6-13.5V, giving you a wide range of robot power supply options, and can supply
up to 3 A on its regulated 5V bus. This library also supports the original Orangutan
SV-168 [http://www.pololu.com/catalog/product/1225], which was replaced by the SV-328.

- Pololu Orangutan L.V-168 [http://www.pololu.com/catalog/product/775]: a full-featured,
'-' megal 68-based robot controller that includes an LCD display. The LV-168 runs on an input
voltage of 2-5V, allowing two or three batteries to power a robot.

Pololu Baby Orangutan B-48 [http://www.pololu.com/catalog/product/1215]: a compact, complete robot
.. controller based on the mega48. The B-48 packs a voltage regulator, processor, and a two-channel
motor-driver into a 24-pin DIP format.

i Pololu Baby Orangutan B-328 [http://www.pololu.com/catalog/product/1220]: a mega328 version of the
bove. The mega328 offers more memory for your programs (32 KB flash, 2 KB RAM). This
ibrary also supports the Baby Orangutan B-168 [http://www.pololu.com/catalog/product/1216], which
e Was replaced by the Baby B-328.

Pololu QTR-1A [http://www.pololu.com/catalog/product/958] and QTR-8A [http://www.pololu.com/catalog/
product/960] reflectance sensors (analog): an analog sensor containing IR/phototransistor pairs that
allows a robot to detect the difference between shades of color. The QTR sensors can be used for
following lines on the floor, for obstacle or drop-off (stairway) detection, and for various other
applications.

Pololu QTR-1RC [http://www.pololu.com/catalog/product/959] and
QTR-8RC [http://www.pololu.com/catalog/product/961] reflectance sensors (RC): a version of the
above that is read using digital inputs; this is compatible with the Parallax QTI sensors.
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Encoder for Pololu Wheel 42x19 mm [http://www.pololu.com/catalog/product/1217]: a wheel encoder
- ‘ solution that allows a robot to measure how far it has traveled.

The library is written in C++ with C wrapper functions of all of the methods and may be used in three different
programming environments:

e C++: supported by the AVR-GCC/WinAVR project. See the Pololu AVR C/C++ Library User’s
Guide [http://www.pololu.com/docs/0J20] to get started.

e C/ AVR Studio: bindings to the C language are included in the library so that you can write programs
entirely in C, which is the standard for Atmel’s AVR Studio [http://www.atmel.com/forms/
software_download.asp?category_id=163&family_id=607&subfamily_id=760&fn=dl_AvrStudio4Setup.exe]. See the Pololu
AVR C/C++ Library User’s Guide [http://www.pololu.com/docs/0J20] to get started.

* Arduino [http://www.arduino.cc]: a popular, beginner-friendly programming environment for the
ATmegal 68/328, using simplified C++ code. We have written a guide to using Arduino with Orangutan
controllers [http://www.pololu.com/docs/0J17] to help you get started.
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2. Orangutan Analog-to-Digital Conversion

The OrangutanAnalog class and the C functions in this section make it easy to use to the analog inputs and
integrated analog hardware on the Orangutan robot controllers (LV, SV, SVP, X2, and Baby Orangutan) and 3pi
robot. These functions take care of configuring and running the analog-to-digital converter.

For a higher level overview of this library and example programs that show how this library can be used, please
see Section 6.a of the Pololu AVR C/C++ Library User’s Guide [http://www.pololu.com/docs/0J20].
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Channels

The tables below give a summary of the analog inputs available on your AVR. Some of these pins are hardwired
or jumpered to the battery voltage or sensors or trimpots built in to your device, while other pins are available for
you to connect your own sensors to. Please refer to the pin assignment table in the user’s guide for your device for
more information.

Analog Channels on the 3pi robot, SV, LV, and Baby Orangutan

Channel Pin Keyword Note
0 PCO/ADCO
1 PC1/ADCI1
2 PC2/ADC2
3 PC3/ADC3
4 PC4/ADC4
5 PC5/ADCS
LV: External temperature sensor
6 ADC6 TEMP_SENSOR SV: 1/3 VIN
3pi: 2/3 VIN
7 ADC7 TRIMPOT User trimmer potentiometer
14 internal 1.1V bandgap voltage (slow to stablize)
15 internal OV GND

Single-Ended Analog Channels on the Orangutan SVP

Channel Pin Keyword Note
0 PAO/ADCO

1 PA1/ADCI1

2 PA2/ADC2

3 PA3/ADC3

4 PA4/ADC4

5 PAS/ADCS

6 PA6/ADC6

7 PA7/ADC7

14 internal 1.1V bandgap voltage (slow to stablize)
15 internal OV GND

128 ADC/SS TRIMPOT Measured by auxiliary processor*

129 A CHANNEL A Measured by auxiliary processor*
130 B CHANNEL B Measured by auxiliary processor*
131 C CHANNEL C Measured by auxiliary processor*
132 D/RX CHANNEL D Measured by auxiliary processor*
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*Reading the analog channels on the Orangutan SVP that are measured by the auxiliary processor requires the
auxiliary processor to be in the correct mode. See the documentation for the Orangutan SVP setMode command
in Section 13 for more information.

Single-Ended Analog Channels on the Orangutan X2

Channel Pin Keyword Note

0 PAO/ADCO

1 PA1/ADCI1

2 PA2/ADC2

3 PA3/ADC3

4 PA4/ADC4

5 PAS/ADCS

6 PA6/ADC6 SMT jumper to 5/16 VIN*
7 PA7/ADC7 TRIMPOT SMT jumper to trimpot*
14 internal 1.1V bandgap voltage (slow to stablize)
15 internal OV GND

*Pins PA6 and PA7 on the Orangutan X2 are connected by default through SMT jumpers to the a battery voltage
divider circuit and the user trimpot, respectively. You should not make external connections to these pins without
first breaking the default SMT jumper connections, which are located on the underside of the main board and
labeled in the silkscreen "ADC6=BATLEV” and "ADC7=TRIMPOT".

Differential Analog Channels on the Orangutan SVP and X2
Channel Positive Differential Input Negative Differential Input Gain

9 PA1/ADCI1 PAO/ADCO 10x
11 PA1/ADCI1 PAO/ADCO 200x
13 PA3/ADC3 PA2/ADC2 10x
15 PA3/ADC3 PA2/ADC2 200x
16 PAO/ADCO PA1/ADC1 1x
18 PA2/ADC2 PA1/ADC1 1x
19 PA3/ADC3 PA1/ADC1 1x
20 PA4/ADC4 PA1/ADC1 1x
21 PA5/ADCS PA1/ADC1 1x
22 PA6/ADC6 PA1/ADC1 1x
23 PA7/ADC7 PA1/ADC1 1x
24 PAO/ADCO PA2/ADC2 1x
25 PA1/ADCI1 PA2/ADC2 1x
27 PA3/ADC3 PA2/ADC2 1x
28 PA4/ADC4 PA2/ADC2 1x
29 PAS/ADCS PA2/ADC2 1x
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Function Reference

C++ and Arduino methods are shown in red.
C functions are shown in green.

static void OrangutanAnalog::setMode(unsigned char mode)

void set_analog_mode(unsigned char mode)
Used to set the ADC for either 8-bit or 10-bit conversions. The mode argument should be the either
MODE 8 BIT or MODE 10 BIT. When the ADC is in 8-bit mode, conversion results will range from 0 to
255 for voltages ranging from 0 to 5 V. When the ADC is in 10-bit mode, conversion results will range from 0
to 1023 for voltages ranging from 0 to 5 V. The default mode setting is MODE 10 BIT.

Example:

// run the ADC in 10-bit conversion mode
OrangutanAnalog: :setMode (MODE_10_BIT) ;

// run the ADC in 10-bit conversion mode
set analog mode (MODE 10 BIT);

static unsigned char OrangutanAnalog::getMode()

unsigned char get_analog_mode()
Returns the current ADC mode. The return value will be MODE 8 BIT (1) if the ADC is in 8-bit conversion
mode, otherwise it will be MODE 10 BIT (0). The default mode setting is MODE 10 BIT.

static unsigned int OrangutanAnalog::read(unsigned char channel)

unsigned int analog_read(unsigned char channel)
Performs a single analog-to-digital conversion on the specified analog input channel and returns the result. In
8-bit mode, the result will range from 0 to 255 for voltages from 0 to 5 V. In 10-bit mode, the result will range
from 0 to 1023 for voltages from 0 to 5 V. The channel argument should be a channel number or keyword
from the appropriate table above. This function will occupy program execution until the conversion is complete
(approximately 100 us). This function does not alter the I/O state of the analog pin that corresponds to the
specified ADC channel.

static unsigned int OrangutanAnalog::readMillivolts(unsigned char channel)

unsigned int analog_read_millivolts(unsigned char channel)
This function is just like analog read() except the result is returned in millivolts. A return value of 5000
indicates a voltage 5 V. In most cases, this function is equivalent to to millivolts (analog read (channel)).
However, on the Orangutan SVP, the channels measured by the auxiliary processor are reported to the AVR in
millivolts, so calling analog_read millivolts is more efficient for those channels.

static unsigned int OrangutanAnalog::readAverage(unsigned char channel, unsigned int numSamples)

unsigned int analog_read_average(unsigned char channel, unsigned int numSamples)
Performs numSamples analog-to-digital conversions on the specified analog input channel and returns the
average value of the readings. In 8-bit mode, the result will range from 0 to 255 for voltages from 0 to 5 . In
10-bit mode, the result will range from 0 to 1023 for voltages from 0 to 5 V. The channel argument should be
a channel number or keyword from the appropriate table above. This function will occupy program execution
until all of the requested conversions are complete (approximately 100 us per sample). This function does not
alter the I/O state of the analog pin that corresponds to the specified ADC channel. On the Orangutan SVP, the
channels measured by the auxiliary processor are averaged on the auxiliary processor, and the library does not
support further averaging. For those channels, this function is equivalent to analog_read.

static unsigned int OrangutanAnalog::readAverageMillivolts(unsigned char channel, unsigned int
numSamples)
unsigned int analog_read_average millivolts(unsigned char channel, unsigned int numSamples)
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This function is just like analog_read average() except the result is returned in millivolts. A return value of 5000
indicates a voltage of 5 V. This function is equivalent to to millivolts(analog read average (channel,

numSamples) ).

static unsigned int OrangutanAnalog::readVCCMillivolts()

unsigned int read_vcc_millivolts()
Performs ten 10-bit analog-to-digital conversions on the fixed internal 1.1V bandgap voltage and computes the
analog reference voltage, VCC, from the results. On the Orangutans and 3pi, VCC is regulated to a steady 5 V,
but VCC will fall below 5 V on all devices except the Orangutan LV if VIN drops to around 5 V or lower. On
the LV, VCC will rise above 5V if VIN exceeds 5 V. This function can be used to monitor VCC and catch
when it is lower or higher than it should be. It can also be used as an argument to the set millivolt calibration()
function to ensure that millivolt conversions of analog voltage readings stay accurate when the ADC reference
voltage, VCC, cannot be regulated to 5 V. Note that this function performs 10-bit conversions regardless of the
analog mode, but it restores the analog mode to its previous state before the function returns.

static void OrangutanAnalog::setMillivoltCalibration(unsigned int referenceMillivolts)

void set_millivolt_calibration(unsigned int referenceMillivolts)
This function updates the value of the reference voltage used by the to millivolts() function (and all other
functions that return conversion results in millivolts) to be referenceMillivolts. The default callibration value is
5000 mV, which is accurate when VCC is 5 V, as it is during normal operation for all devices. If VCC isnot 5 V
and the analog reference voltage value is not adjusted to the new VCC, however, millivolt conversions of analog
readings performed by this library will be inaccurate. An easy way to ensure that your conversions remain
accurate even when VCC falls below 5 Vis to call set millivolt calibration(read vcc millivolts()) in
your main loop.

static unsigned int OrangutanAnalog::readTrimpot()

unsigned int read_trimpot()
Performs 20 analog-to-digital conversions on the output of the trimmer potentiometer on the Orangutan
(including the SVP) or 3pi robot. In 8-bit mode, the result will range from 0 to 255 for voltages from 0 to 5 .
In 10-bit mode, the result will range from 0 to 1023 for voltages from 0 to 5 V. This method is equivalent to
readAverage (TRIMPOT, 20).

static unsigned int OrangutanAnalog::read TrimpotMillivolts()

unsigned int read_trimpot_millivolts()
This function is just like read_trimpot() except the result is returned in millivolts. On the Orangutan SVP, this
function is more efficient than to millivolts (read trimpot ()).On all other devices the two are equivalent.

static int readBatteryMillivolts_3pi()

int read_battery_millivolts_3pi()
Performs ten 10-bit analog-to-digital conversions on the battery voltage sensing circuit (a 2/3 voltage divider of
VIN) of the 3pi and returns the average measured battery voltage in millivolts. A result of 5234 would mean a
battery voltage of 5.234 V. For rechargeable NiMH batteries, the voltage usually starts at a value above 5 V and
drops to around 4 V before the robot shuts off, so monitoring this number can be helpful in determining when
to recharge batteries. This function will only return the correct result when the ADC6 shorting block is in place
on the front-left side of the robot. The 3pi ships with this shorting block in place, so this function will return the
correct result by default. Note that this function performs 10-bit conversions regardless of the analog mode, but
it restores the analog mode to its previous state before the function returns.

static int readBatteryMillivolts SV()

int read_battery_millivolts_sv()
Performs ten 10-bit analog-to-digital conversions on the battery voltage sensing circuit (a 1/3 voltage divider
of VIN) of the Orangutan SV and returns the average measured battery voltage in millivolts. A result of 9153
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would mean a battery voltage of 9.153 V. This function will only return the correct result when there is a short
across the “ADC6=VBAT/3” SMT jumper on the bottom side of the PCB. The SV ships with this SMT jumper
shorted with a solder bridge, so this function will return the correct result by default. Note that this function
performs 10-bit conversions regardless of the analog mode, but it restores the analog mode to its previous state
before the function returns.

static int readBatteryMillivolts SVP()

int read_battery_millivolts_svp()
Returns the measured Orangutan SVP battery voltage in millivolts. The battery voltage on the SVP is measured
by the auxiliary microcontroller, so this function just asks the auxiliary MCU for the most recent measurement;
it does not use the ADC on the user MCU.

static int readBatteryMillivolts X2()

int read_battery_millivolts_x2()
Performs ten 10-bit analog-to-digital conversions on the battery voltage sensing circuit (a 5/16 voltage divider
of VIN) of the Orangutan X2 and returns the average measured battery voltage in millivolts. A result of 9153
would mean a battery voltage of 9.153 V. This function will only return the correct result when there is a short
across the “ADC6=BATLEV” SMT jumper on the bottom side of the PCB. The X2 ships with this SMT jumper
shorted with a solder bridge, so this function will return the correct result by default. Note that this function
performs 10-bit conversions regardless of the analog mode, but it restores the analog mode to its previous state
before the function returns.

static int OrangutanAnalog::readTemperatureF()

int read_temperature f()
Performs 20 10-bit analog-to-digital conversions on the output of the temperature sensor on the Orangutan LV
and returns average result in tenths of a degree Farenheit, so a result of 827 would mean a temperature of 82.7
degrees F. The temperature sensor is on analog input 6 on the Orangutan LV, so this method is equivalent to
readAverage (TEMP_SENSOR, 20) converted to tenths of a degree F. This function will only return the correct
result when there is a short across the “ADC6=TEMP” SMT jumper on the bottom side of the Orangutan LV
PCB. The LV ships with this SMT jumper shorted with a solder bridge, so this function will return the correct
result by default. Note that this function performs 10-bit conversions regardless of the analog mode, but it
restores the analog mode to its previous state before the function returns. Only the Orangutan LV has an external
temperature sensor, so this function will only return correct results when used on an Orangutan LV.

static int readTemperatureC()

int read_temperature_c()
This method is the same as readTemperatureF() above, except that it returns the temperature in tenths of a
degree Celcius. This function will only return correct results when used on an Orangutan LV, and it requires a
short across the “ADC6=TEMP” SMT jumper (this short is present by default).

static void OrangutanAnalog::startConversion(unsigned char channel)

void start_analog_conversion(unsigned char channel)
Initiates an ADC conversion that runs in the background, allowing the CPU to perform other tasks while
the conversion is in progress. The channel argument should be a channel number or keyword from the
appropriate table above. The procedure is to start a conversion on an analog input with this method, then poll
is_converting() in your main loop. Once is_converting() returns a zero, the result can be obtained through a call
to analog_conversion_result() or analog_conversion_result_millivolts() and this method can be used to start a
new conversion. This function does not alter the I/O state of the analog pin that corresponds to the specified
ADC channel.

static unsigned char OrangutanAnalog::isConverting()
unsigned char analog_is_converting()
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Returns a 1 if the ADC is in the middle of performing an analog-to-digital conversion, otherwise it returns a 0.
The AVR is only capable of performing one conversion at a time.

static unsigned int conversionResult()

unsigned int analog_conversion_result()
Returns the result of the previous analog-to-digital conversion. In 8-bit mode, the result will range from 0 to
255 for voltages from 0 to 5 V. In 10-bit mode, the result will range from 0 to 1023 for voltages from 0 to 5 V.

static unsigned int conversionResultMillivolts()

unsigned int analog_conversion_result_millivolts()
This function is just like analog conversion result() except the result is returned in millivolts. A return
value of 5000 indicates a voltage 5V. In most cases, this function is equivalent to
to millivolts (analog conversion result (channel)). However, on the Orangutan SVP, the channels
measured by the auxiliary processor are reported to the AVR in millivolts, so calling
analog_conversion_result millivolts is more efficient for those channels.

static unsigned int toMillivolts(unsigned int adcResult)

unsigned int to_millivolts(unsigned int adc_resulr)
Converts the result of an analog-to-digital conversion to millivolts. By default, this assumes an analog reference
voltage of exactly 5000 mV. The analog reference voltage used by this function can be changed using the
set millivolt calibration() function.

Example:

OrangutanAnalog::toMillivolts (OrangutanAnalog::read(0)) ;
// e.g. returns 5000 if analog input 0 is at 5 V

to millivolts(analog read(0));
// e.g. returns 5000 if analog input 0 is at 5 V
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3. Orangutan Buzzer: Beeps and Music

The OrangutanBuzzer class and the C functions in this section allow various sounds to be played on the buzzer
of the Orangutan LV, SV, SVP, X2, and 3pi robot, from simple beeps to complex tunes. The buzzer is controlled
using one of the Timer 1 PWM outputs, so it will conflict with any other uses of Timer 1. Note durations are timed
using a Timer 1 overflow interrupt (TIMER1_OVF), which will briefly interrupt execution of your main program
at the frequency of the sound being played. In most cases, the interrupt-handling routine is very short (several
microseconds). However, when playing a sequence of notes in PLAY AUTOMATIC mode (the default mode)
with the play() command, this interrupt takes much longer than normal (perhaps several hundred microseconds)
every time it starts a new note. It is important to take this into account when writing timing-critical code.

Note that the Orangutan X2 uses its auxiliary microcontroller to control the buzzer. The firmware on this
microcontroller duplicates the play note() and play frequency() functionality of this library, so it is possible to
play music on the Orangutan X2 without using Timer 1 (see the Section 15 for Orangutan X2 functions). The
OrangutanBuzzer library functions call the appropriate functions in the OrangutanX?2 library, so they produce the
same results on the X2 as they do on the other Orangutans, and they use Timer 1 to achieve the proper note
durations.

This library can be used with the Baby Orangutan if one pin of an external buzzer [http://www.pololu.com/catalog/
product/1261] is connected to pin PB2 and the other pin is connected to ground.

For a higher level overview of this library and example programs that show how this library can be used, please
see Section 6.b of the Pololu AVR C/C++ Library User’s Guide [http://www.pololu.com/docs/0J20].

9 Note: The OrangutanServos and OrangutanBuzzer libraries both use Timer 1, so they cannot
be used together simultaneously. It is possible to alternate use of OrangutanBuzzer and
OrangutanServos routines, however. The servos-and-buzzer example program shows how this
can be done and also provides functions for playing notes on the buzzer without using Timer 1 or
the OrangutanBuzzer functions.
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Reference

C++ and Arduino methods are shown in red.
C functions are shown in green.

static void OrangutanBuzzer::playFrequency(unsigned int frequency, unsigned int duration, unsigned char

volume)

void play_frequency(unsigned int fireq, unsigned int duration, unsigned char volume)
This method will play the specified frequency (in Hz or 0.1 Hz) for the specified duration (in ms). The frequency
argument must be between 40 Hz and 10 kHz. If the most significant bit of frequency is set, the frequency
played is the value of the lower 15 bits of frequency in units of 0.1 Hz. Therefore, you can play a frequency
of 44.5 Hz by using a frequency of (DIV_BY 10 | 445). If the most significant bit of frequency is not set, the
units for frequency are Hz. The volume argument controls the buzzer volume, with 15 being the loudest and 0
being the quietest. A volume of 15 supplies the buzzer with a 50% duty cycle PWM at the specified frequency.
Lowering volume by one halves the duty cycle (so 14 gives a 25% duty cycle, 13 gives a 12.5% duty cycle, etc).
The volume control is somewhat crude and should be thought of as a bonus feature.

This function plays the note in the background while your program continues to execute. If you call another
buzzer function while the note is playing, the new function call will overwrite the previous and take control of
the buzzer. If you want to string notes together, you should either use the play() function or put an appropriate
delay after you start a note playing. You can use the is playing() function to figure out when the buzzer is
through playing its note or melody.

Example

// play a 6 kHz note for 250 ms at "half" volume
OrangutanBuzzer: :playFrequency (6000, 250, 7);

// wait for buzzer to finish playing the note
while (OrangutanBuzzer::isPlaying());

// play a 44.5 Hz note for 1 s at full volume
OrangutanBuzzer::playFrequency (DIV _BY 10 | 445, 1000, 15);

// play a 6 kHz note for 250 ms at half volume
play frequency (6000, 250, 7);

// wait for buzzer to finish playing the note
while (is playing());

// play a 44.5 Hz note for 1 s at full volume
play frequency (DIV _BY 10 | 445, 1000, 15);

.'J Caution: frequency * duration/1000 must be no greater than OxFFFF (65535). This means you
can’t use a max duration of 65535 ms for frequencies greater than 1 kHz. For example, the
maximum duration you can use for a frequency of 10 kHz is 6553 ms. If you use a duration
longer than this, you will produce an integer overflow that can result in unexpected behavior.

static void OrangutanBuzzer::playNote(unsigned char note, unsigned int duration, unsigned char volume)

void play_note(unsigned char note, unsigned int duration, unsigned char volume);
This method will play the specified note for the specified duration (in ms). The note argument is an enumeration
for the notes of the equal tempered scale (ETS). See the Note Macros section below for more information. The
volume argument controls the buzzer volume, with 15 being the loudest and 0 being the quietest. A volume of 15
supplies the buzzer with a 50% duty cycle PWM at the specified firequency. Lowering volume by one halves the
duty cycle (so 14 gives a 25% duty cycle, 13 gives a 12.5% duty cycle, etc). The volume control is somewhat
crude and should be thought of as a bonus feature.
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This function plays the note in the background while your program continues to execute. If you call another
buzzer function while the note is playing, the new function call will overwrite the previous and take control of
the buzzer. If you want to string notes together, you should either use the play() function or put an appropriate
delay after you start a note playing. You can use the is playing() function to figure out when the buzzer is
through playing its note or melody.

Note Macros

To make it easier for you to specify notes in your code, this library defines the following macros:

// x will determine the octave of the note

#define C( x ) (0 + x*12 )
#define C SHARP( x ) ( 1 + x*12 )
#define D _FLAT( x ) (1 + x*12 )
#define D( x ) (2 + x*12 )
#define D SHARP( x ) ( 3 + x*12 )
#define E_FLAT( x ) (3 + x*12 )
#define E( x ) (4 + x*12 )
#define F( x ) ( 5 + x*12 )
#define F SHARP( x ) ( 6 + x*12 )
#define G FLAT( x ) (6 + x*12 )
#define G( x ) (7 + x*12 )
#define G_SHARP( x ) ( 8 + x*12 )
#define A FLAT( x ) (8 + x*12 )
#define A( x ) (9 + x*12 )
#define A SHARP( x ) ( 10 + x*12 )
#define B FLAT( x ) (10 + x*12 )
#define B( x ) (11 + x*12 )

// 255 (silences buzzer for the note duration)
#define SILENT_NOTE OxFF

// e.g. frequency = 445 | DIV _BY 10
// gives a frequency of 44.5 Hz
#define DIV BY 10 (1 << 15)

static void OrangutanBuzzer::play(const char* sequence)

void play(const char* sequence)
This method plays the specified sequence of notes. If the play mode is PLAY AUTOMATIC (default), the
sequence of notes will play with no further action required by the user. If the play mode is PLAY CHECK,
the user will need to call playCheck() in the main loop to initiate the playing of each new note in the sequence.
The play mode can be changed while the sequence is playing. The sequence syntax is modeled after the PLAY
commands in GW-BASIC, with just a few differences.

The notes are specified by the characters C, D, E, F, G, A, and B, and they are played by default as “quarter
notes” with a length of 500 ms. This corresponds to a tempo of 120 beats/min. Other durations can be specified
by putting a number immediately after the note. For example, C8 specifies C played as an eighth note, with half
the duration of a quarter note. The special note R plays a rest (no sound). The sequence parser is case-insensitive
and ignore spaces, which may be used to format your music nicely.

Various control characters alter the sound:

* ‘A’ —“G’: used to specify the notes that will be played

* ‘R’: used to specify a rest (no sound for the duration of the note)
e >’ plays the next note one octave higher

» ‘< plays the next note one octave lower

e+’ or ‘# after a note raises any note one half-step

+ ‘- after a note lowers any note one half-step
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» ¢ after a note “dots” it, increasing the length by 50%. Each additional dot adds half as much as the
previous dot, so that “A..” is 1.75 times the length of “A”.

* ‘O’ followed by a number sets the octave (default: O4).
+ ‘T’ followed by a number sets the tempo in beats/min (default: T120).

» ‘L’ followed by a number sets the default note duration to the type specified by the number: 4 for quarter
notes, 8 for eighth notes, 16 for sixteenth notes, etc. (default: L4).

* ‘V’ followed by a number from 0-15 sets the music volume (default: V15).

* ‘MS’ sets all subsequent notes to play play staccato — each note is played for 1/2 of its allotted time,
followed by an equal period of silence.

* ‘ML’ sets all subsequent notes to play legato — each note is played for full length. This is the default
setting.

» ‘!’ resets the octave, tempo, duration, volume, and staccato setting to their default values. These settings
persist from one play() to the next, which allows you to more conveniently break up your music into
reusable sections.

* 1-2000: when immediately following a note, a number determines the duration of the note. For example,
C16 specifies C played as a sixteenth note (1/16th the length of a whole note).

This function plays the string of notes in the background while your program continues to execute. If you call
another buzzer function while the melody is playing, the new function call will overwrite the previous and take
control of the buzzer. If you want to string melodies together, you should put an appropriate delay after you
start a melody playing. You can use the is_playing() function to figure out when the buzzer is through playing
the melody.

Examples:

// play a C major scale up and back down:

OrangutanBuzzer::play ("!L16 V8 cdefgab>cbagfedc") ;

while (OrangutanBuzzer::isPlaying());

// the first few measures of Bach's fugue in D-minor
OrangutanBuzzer::play ("!T240 L8 a gafaeada c+adaeafa >aa>bac#ada c#adaeafd");

// play a C major scale up and back down:

play("!Ll6 V8 cdefgab>cbagfedc");

while (is playing());

// the first few measures of Bach's fugue in D-minor

play ("!T240 18 a gafaeada ctadaeafa >aa>bac#ada c#adaeafd");

static void playFromProgramSpace(const char* sequence)

void play_from_program_space(const char* sequence)
A version of play() that takes a pointer to program space instead of RAM. This is desirable since RAM is limited
and the string must be stored in program space anyway.

Example:

#include <avr/pgmspace.h>
const char melody[] PROGMEM = "!L16 V8 cdefgab>cbagfedc";

void someFunction ()

{
}

OrangutanBuzzer::playFromProgramSpace (melody) ;

#include <avr/pgmspace.h>
const char melody[] PROGMEM = "!L16 V8 cdefgab>cbagfedc";

void someFunction ()
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{
play from program space (melody) ;

}

static void OrangutanBuzzer::playMode(unsigned char mode)

void play_mode(char mode)
This method lets you determine whether the notes of the play() sequence are played automatically in the
background or are driven by the play check() method. If mode is PLAY AUTOMATIC, the sequence will play
automatically in the backgrou