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Getting Started What is the WPRobotics Library

What is the WPI Robotics Library

The WPI Robotics library is a set of C++ classes that interfaces to the hardware in the FRC
control system and your robot. There are classes to handle sensors, motors, the driver
station, and a number of other utility functions like timing and field management.

The library is designed to:

91 Deal with all the low level interfacing to these components so you can concentrate on
solving this yearés firobot problemd. This is a phil
on the higher level design of your robot rather than deal with the details of the
processor and the operating system.

1 Understand everything at all levels by making the full source code of the library
available. You can study (and modify) the algorithms used by the gyro class for
oversampling and integration of the input signal or just as k the class for the current
robot heading. You can work at any level.

il

First, something about our new environment. We have about 500x more memory and
probably 100x more processor speed over the PIC that we're used to using. The past years
high speed sensor -interrupt logic that required precise coding, hand optimization and lots of
bugs has been replaced with dedicated hardware (FPGA). When the library wants the
number of ticks on a 1000 pulse/revolution optical encoder it just asks the FPGA for the
value. A nother example is A/D sampling that used to be done with tight loops waiting for

the conversions to finish. Now sampling across 16 channels is done in hardware.

We chose C++ as a language because we felt it represents a better level of abstraction for
rob ot programs. C++ (when used properly) also encourages a level of software reuse that is
not as easy or obvious in C. At all levels in the library, we have attempted to design it for
maximum extensibility.

There are classes that support all the sensors, sp eed controllers, drivers station, etc. that

will be in the kit of parts. In addition most of the commonly used sensors that we could find

that are not traditionally in the kit are also supported, like ultrasonic rangefinders. Another

example are several ro  bot classes that provide starting points for teams to implement their

own robot code. These classes have methods that are called as the program transitions

through the various phases of the match. One class looks like the old easyC/WPILib model

with Autono mous and OperatorControl functions that get filled in and called at the right

time. Another is closer to the old IFI default where user supplied methods are called

continuously, but with much finer control. And the base class for all of these is available for
teams wanting to implement their own versions.

Even with the class library, we anticipate that teams will have custom hardware or other
devices that we haven't considered. For them we have implemented a generalized set of
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hardware and software to make this easy. For example there are general purpose counters
than count any input either in the up direction, down direction, or both (with two inputs).

They can measure the number of pulses, the width of the pulses and number of other
parameters. The counte  rs can also count the number of times an analog signal reaches
inside or goes outside of a set of voltage limits. And all of this without requiring any of that

high speed interrupt processing that's been so troublesome in the past. And this is just the

cou nters. There are many more generalized features implemented in the hardware and
software.

We also have interrupt processing available where interrupts are routed to functions in your

code. They are dispatched at task level and not as kernel interrupt han dlers. This is to help
reduce many of the real  -time bugs that have been at the root of so many issues in our

programs in the past. We believe this works because of the extensive FPGA hardware

support.

We have chosen to not use the C++ exception handling m echanism, although it is available
to teams for their programs. Our reasoning has been that uncaught exceptions will unwind

the entire call stack and cause the whole robot program to quit. That didn't seem like a

good idea in a finals match in the Champion ship when some bad value causes the entire
robot to stop.

The objects that represent each of the sensors are dynamically allocated. We have no way

of knowing how many encoders, motors, or other things a team will put on a robot. For the
hardware an intern  al reservation system is used so that people don't accidentally reuse the
same ports for different purposes (although there is a way around it if that was what you
meant to do).

| can't say that our library represents the only "right" way to implement FRC robot
programs. There are a lot of smart people on teams with lots of experience doing robot
programming. We welcome their input; in fact we expect their input to help make this

better as a community effort. To this end all of the source code for the libr ary will be
published on a server. We are in the process of setting up a mechanism where teams can
contribute back to the library. And we are hoping to set up a repository for teams to share

their own work. This is too big for a few people to have exclusiv e control, we want this
software to be developed as a true open source project like Linux or Apache.
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A simple robot program

Creating a robot program has been designed to be as simple as possible while still allowing a lot of
flexibility. ofdetemmadethataepresentsahmginhpkest robot program you can create.

#include "WPILib.h"
class RobotDemo : public SimpleRobot

RobotDemo(void)

/I put initialization code here

}

void Autonomous(void)

{
}

void OperatorControl(void)

/[ put autonomous code here

/[ put operator control code here
h

START_ROBOT_CLASS(RobotDemo);
There are several templates that can be used as starting points for writing robot programs. This one,

SimpleRobois probably the easiesi use. Simply add code for initializing sensors and anything else you
need in the constructor, code for your autonomous program in the Autonomous function, and the code for
your operator control part of the program in OperatorControl.

SimpleRobot is actlig the name of a C++ class or object that is used as the base of this robot program
called RobotDemo. To use it you create a subclass which is another name for your object that is based on
the SimpleRobot class. By making a subclass, the new class, Rohotinherits all the predefined

behavior and code that is built into SimpleRobot.

Revision 0.2 15 October 2008 9
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Using objects
In the WPI Robotics Library all sensors, motors, driver station elements, and more are all objects. For the
most part, objects are the phyaithings on your robot. Objects include the code and the data that makes

the thing operate. Letdés |l ook at a Gyro. There ar
gyro:

91 Create the gyro objettthis sets up the gyro and causes it toaliie itself

1 Get the current heading, or angle, from the gyro

1 Set the type of the gyro, its Sensitivity

1 Reset the current heading to zero

T Delete the gyro object when youdére done wusing

Creating a gyro object is done like this:

Gyro robotHeadingGyro(1);

robotHeadingGyro  is a variable that holds the Gyro object that represents a gyro module connected to
anal og port 1. Thatés all you have to do to make

Note: by the way, an instance of an object is the chunk of memory thasesps the
data unique to that object. When you create an object that memory is allocated
and when the object is deleted, that memory is deallocated.

To get the current heading from the gyro, you simply calG#@ngle method on the gyro object.
Callingthe method is really just calling a function that works on the data specific to that gyro instance.

float heading = robotHeadingGyro.GetAngle();

The variableneading will be set to the current heading of the gyro connected to analog channel 1.

Revision 0.2 15 October 2008 10
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Creating object instances
There are several ways of creating object instances used throughout the WPI Robotics Library and all the
examples. Depending on how the object is created there are differences in how the object is referenced

and deleted. Here are the mile

Local variable Victor leftMotor(3); leftMotor.Set(1.0); Object is implicitly

declared inside a deallocated when the

block or function enclosing block is
exited

Global declared Victor leftMotor(3); leftMotor.Set(1.0); Object is not

outsideof any deallocated until the

enclosing blocks program exits

or functions; or a

static variable

Pointer to object Victor *leftMotor = new Victor(3); leftMotor->Set(1.0); Object must be
explicitly dealocated
using the C++ delete
operator.

How do you decide what to use?
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Creating a Robot Program

Now consider a very simple robot program that has these characteristics:

Autonomous period Drives in a square pattern by driving half speed for 2 secondski® anside ther
turns 90 degrees. This is repeated 4 times.

Operator Control Uses two joysticks to provide tank steering for the robot.

period

The robot specifications are:

Left drive motor PWM port 1
Right drive motor PWM port 2
Joystick driver staton joystick port 1

Starting with the template for a simple robot program we have:

#include "WPILib.h"
class RobotDemo : public SimpleRobot

{
RobotDemo(void)
{
/I put initialization code here
}
void Autonomous(void)
{
/I put autonomous code here
}
void OperatorControl(void)
{
/I put operator control code here
}
Ji

START_ROBOT_CLASS(RobotDemo);

Now add objects to represent the motors and joystick.

The two object$ the robot drive with motors in ports 1 and 2, and joystick is declarad tis¢
following code:

RobotDrive drive(l, 2);
Joystick stick(1);

Revision 0.2 15 October 2008 12
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For the example and to make the programThsasai er t o

feature in the WPI Robotics Library that helps ensurethaty r obot doesndt run off
program malfunctions.

RobotDemo(void)

GetWatchdog().SetEnabled( false );

Now the autonomous part of the program can be constructed that drives in a square pattern:

void Autonomous(void)

{
for (inti=0; i <4;i++)
{
drivetrain.Drive(0.5, 0.0); /I drive 50% forward with 0% turn
Wait(2000); /I wait 2000 ms (2 seconds)
drivetrain.Drive(0.0, 0.75); /I drive 0% forward and 75% turn
}
Drivetrain.Drive(0.0, 0.0); /I drive 0% forward, O turn (st op)
}

Now look at the operator control part of the program:

void OperatorControl(void)

while (1) /I loop forever
{

drivetrain. Tank(&stickl, &stick2); /I tank drive with the joystick
}

Putting it all together we get this pretty short progthat accomplishes some autonomous task and
provides operator control tank steering:
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#include "WPILib.h"

RobotDrive drivetrain(1, 2);

Joystick stick(1);
class RobotDemo : public SimpleRobot
{
RobotDemo(void)
GetWatchdog().SetEnabled( false );
}
void Autonomous(void)
{
for (inti=0;i<4; i++)
{
drivetrain.Drive(0.5, 0.0); /I drive 50% forward, 0% turn
Wait(2000); /[ wait 2000 ms (2 seconds)
drivetrain.Drive(0.0, 0.75); /I drive 0% forward and 75% turn
Wait(750); /I turn for almost a second
}
drivetrain.Drive(0.0, 0.0); /I stop the robot
}
void OperatorControl(void)
while (1) /I loop forever
{
drivetrain.Tank(&stickl, &stick2); /[ tank drive with the joystick
}
}
k

START_ROBOT_CLASS(Robotemo);

Although this program will work perfectly with the robot as described, there were some details that were
skipped:

1 Inthe exampl@lrivetrain andstick are global variables. In computer science classes you
would be discouraged from doing that. In tfext section pointers will be introduced that make
the code more Acorrecto and maintainabl e.

1 The tank steering methaftivetrain.tank(&stick) had this &stick construct in it. The
ampersand (&) represents the address of a Joystick object. The next séctiescnibe how
pointers work and what that ampersand really means.

9 Thedrivetrain.Drive() method takes two parameters, a speed and a turn direction. See the
documentation about the RobotDrive object for details on how that speed and direction really
work.
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Pointers and addresses
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Built-in Robot classes

There are several builh robot classes that will help you quickly create a robot program. These are:

Tablel: Built-in robot base classes to create your own robot program. Subclass af these depending on your
requirements and preferences.

SimpleRobot

IterativeRobot

RobotBase

This template is the easiest to use and is designed for writing a stiagght
autonomous routine without complex state machines.
Pros:

1 Only three places to put your code: the constructor for initialization, the
Autonomous method for autonomous code and the OperatorControl m
for teleop code.

1 Sequential robot programs are trivial to write, just code each step one
another.

1 No statemachines required for mulstep operations, the program can
simply do each step sequentially

1 Automatic switching between Autonomous and Teleop code segments
not easy and may require rebooting the controller.

1 The Autonomous method will not quitrming until it exits, so it will
continue to run through the TeleOp period unless it finishes by the end
the Autonomous period.

This template gives additional flexibility in the code for responding to variows fi
state changes in exchange for additional complexity in the program design. It |
based on a set of methods that are repeatedly called based on the current sta
field. The intent is that each method is called; it does some processing, and th
returns. That way, if the field state changes, a different method can be called &
as the change happens.
Pros:
1 Can have very fingrain control of field state changes, especially if
practicing and retesting the same state over and over.
Cons:
1 More difficult to write simple complex tasks. It requires state variables |
remember what the robot is doing from one call the next.
The base class for the above classes. This provides all the basic functions for
control, the usewatchdog timer, and robot status. This class should be extend¢
have the required specific behavior.
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SimpleRobotclass

TheSimpleRobot  class is designed to be the base class for a robot program with straightforward
transitions fom Autonomous to Operator Control periods. There are three methods that are usually filled
in to complete a SimpleRobot program.

Table2: SimpleRobot class methods that are called as the match moves through each phase.

the Constructor Put all the code in the constructor to initialize sensors and any program varia

(method with the  that you have. This code runs as soon as the robot is turned on, but before it

same name as the enabled. When theonstructor exits, the program waits until the robot is enable

robot class)

Autonomous() All the code that should run during the autonomous period of the game goes
Autonomous method. The code is allowed to run to completion and will not b
stopped at the eraf the autonomous period. If the code has an infinite loop, it
never stop running until the entire match ends. When the method exits, the
program will wait until the start of the operator control period.

OperatorControl() Put code in the OperatorCoolt method that should run during the operator con
part of the match. This method will be called after the Autonomous() method
exited and the field has switched to the operator control part of the match. If y
program exits from the OperatorCanif) method, it will not resume until the rob
IS reset.
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lterativeRobot class

The lterativeRobot class divides your program up into methods that are repeatedly called at various times
as the robot program executes. For exampéeAtitonomousContinuous() method is called continuously
while the robot is in the autonomous mode of operation. When the robot changes state to operator control,
then the Teleoplnit() first, then the TeleopContinuous() method is called continuously.

WindRiver Workbench has a built in sample robot program based on the Iterative Robot base class. If you
would | i ke to use it, follow the instructions fro
Programd. The proj ec kspase. | | be created in your wor

The methods that the user fills in when creating a robot based on the IterativeRobot base class are:

Table3: IterativeRobot class methods that are called as the match proceeds through each phase.

Robotlnit Called when the robot is first turned on. This is a substitute for using the
constructor in the class for consistency. This method is only called once

DisabledInit Called when the robot is first disabled

Autonomousinit Called when the robot emtethe autonomous period for the first time. This
called on a transition from any other state.

Teleoplnit Called when the robot enters the teleop period for the first time. This is
on a transition from any other state.

DisabledPeriodic Called periodically during the disabled time based on a periodic timer for
class.

AutonomousPeriodic Called periodically during the autonomous part of the match based on a
periodic timer for the class.

TeleopPeriodic Called periodically during the teleopéaat part of the match based on a
periodic timer for the class.
DisabledContinuous Called continuously while the robot is disabled. Each time the program

returns from this function, it is immediately called again provided that the
state hasndét changed.
AutonomousContinuous Called continuously while the in the autonomous part of the match. Eacl
time the program returns from this function, it is immediately called agai
provided that the state hasnbét <c
TeleopContinuous Called continuously while in thteleop part of the match. Each time the
program returns from this function, it is immediately called again provide
that the state hasndét changed.

The three Init methods are called only once when that state is entered for the first time. The Continuous
methods are called repeatedly while in that state, after calling the appropriate Init method. The Periodic
methods are called periodically while in a given state where the period can be set using the SetPeriod
method in the lterativeRobot class. The pdidganethods are intended for time based algorithms like PID
control. Any of the provided methods will be called at the appropriate time so if there is a TeleopPeriodic
and TeleopContinous, they will both be called.
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WPI Robotics Library Conventions

This setton documents some conventions that were used throughout the library to standardize on its
use and make things more understandable. Knowing these should make your programming job much
easier.

Class, method, and variable naming
Names of things follow theoflowing conventions:

Type of name Naming rules Examples

Class name Initial upper case letter then camel case Victor, SimpleRobot, PWM
(mixed upper/lower case) except acronyms
which are all upper case

Method name Initial upper case letter then camel case StartCompetition, Autonomous,
GetAngle

Membervariable daYgpé F2ff26SR 0@ {KS m_deleteSpeedControllers,
starting with a lower case letter then camel m_sensitivity
case

Constructors with slots and channels
Most constructors for physit@abjects that connect to the cRIO take the port number in the constructor.
The following conventions are used:

1 Specification o& port consists of thelot number followed by the channel number. The slot
number is the physical slot on the cRIO chassisttieamodule is plugged into. For example, for
Analog modules it would be either 1 or 2. The channel number is a number from 1 to n, where n
is the number of channels of that type.

1 Since many robots can be built with only a single analog or digital mdtete, is a shorthand
method of specifying port. If the port is on the first (losteaumbered) module, the slot
parameter can be left out.

Examples are:

Jaguar(UINT32 channel); /I channel with default slot (4)
Jaguar(UINT32 slot, UINT32 channel); / I channel and slot
Gyro(UINT32 slot, UINT32 channel); /I channel with explicit slot
Gyro(UINT32 channel); /I channel with default slot (1)
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Creating a Robot Program RobotBase class

RobotBaseclass

The RobotBase class is the subclass for the SimpleRobot and IterativeRsbes. It is intended that if

you decide to create your own type or robot class it will be based on RobotBase. RobotBase has all the
methods to determine the field state, set up the watchdog timer, communications, and other housekeeping
functions.

To create your own base class, create a subclass of RobotBase and implement (at least) the
StartCompetition() method.

For example, the SimpleRobot class definition looks (approximately) like this:

class SimpleRobot : public RobotBase

{
public
SimpleRobot( void ) ;
virtual void Autonomous( void );
virtual void OperatorControl( void );
virtual void RobotMain( void );
void StartCompetition( void );
private
bool m_robotMainOverridden ;
Ji
It overrides theStartCompetition() method that controls the running of the ottrethods and it adds
the Autonomous(), OperatorControl(), andRobotMain() methods. The StartCompetition

method looks (approximately) like this:

void SimpleRobot::StartCompetition( void )

{
while  (IsDisabled()) Wait(10); /I wait for match to start
if  (IsAut onomous()) /I if starts in autonomous
{

Autonomous(); /[ run user supplied Autonomous code
while  (IsAutonomous()) Wait(10); /[ wait until end of autonomous period
while (IsDisabled()) Wait(10); /I make sure robot is enabled
OperatorContro  1(); /I start user supplied OperatorControl

}

It uses thasDisabled() andisAutonomous() methods in RobotBase to determine the field state and
calls the correct methods as the match is sequenced.

Similarly the IterativeRobot class calls a differesit of methods as the match progresses.
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Creating a Robot Program Watchdog timer class

Watchdog timer class

The Watchdog timer class helps to ensure that the robot will stop operating if the program does something
unexpected or crashes. A watchdog object is created inside thiBRsbelass (the base class for all the
robot program templates). Once created, the progr
periodically by calling th&eed() method on the Watchdog. Failure to feed the Watchdog results in all

the motors stoppingn the robot.

The default expiration time for the Watchdog is 500ms. Programs can override the default expiration time
by calling the SetExpiration(expiratigime-in-ms) method on the Watchdog.

Use of the Watchdog timer is recommended for safety, bubeaisabled. For example, during the
autonomous period of a match the robot needs to drive for drive for 2 seconds then make a turn. The
easiest way to do this is to start the robot driving, and then use the Wait function for 2 seconds. During
the 2 secod period when the robot is in the Wait function, there is no opportunity to feed the Watchdog.
In this case you could disable the Watchdog at the start aitheomous() method and renable it at

the end.

void Autonomous(void)

GetWatchdog().SetEnable d(false); /Il disable the watchdog timer

Drivetrain.Drive(0.75, 0.0); /[ drive straight at 75% power
Wait(2000); /I wait for 2 seconds
GetWatchdog().SetEnabled(true); /I reenable the watchdog timer

}
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Creating a Robot Prografou can get the address of the Watchdog timer object from the WPI Robotics Library C

You can get the address of the Wahdog
timer object from the WPI Robotics Library
Conventions

This setion documents some conventions that were used throughout the library to standardize on its
use and make things more understandable. Knowing these should make your programming job much
easier.

Class, method, and variable naming
Names of things follow theoflowing conventions:

Type of name Naming rules Examples

Class name Initial upper case letter then camel case ' Victor, SimpleRobot, PWM
(mixed upper/lower case) except acronyms
which are all upper case

Method name Initial upper case letter then camel case StartCompetition, Autonomous,
GetAngle

Member variable aVYypé F2ff26SR o0& (KS m _deleteSpeedControllers,
starting with a lower case letter then camel m_sensitivity
case

Constructors with slots and channels
Most constructors for physit@abjects that connect to the cRIO take the port number in the constructor.
The following conventions are used:

1 Specification o& port consists of theslot number followed by the channel number. The slot
number is the physical slot on the cRIO chassisttieamodule is plugged into. For example, for
Analog modules it would be either 1 or 2. The channel number is a number from 1 to n, where n
is the number of channels of that type.

1 Since many robots can be built with only a single analog or digital mdtake, is a shorthand
method of specifying port. If the port is on the first (lostewumbered) module, the slot
parameter can be left out.

Examples are:
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Jaguar(UINT32 channel); /I channel with default slot (4)
Jaguar(UINT32 slot, UINT32 channel); / I channel and slot
Gyro(UINT32 slot, UINT32 channel); /I channel with explicit slot
Gyro(UINT32 channel); /I channel with default slot (1)

RobotBaselassfrom any of the methods inside one of the robot program template objects.
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Sensor¥ou can get the address of the Watchdog timer object from the WPI Robotics Library Conventions

Sensors

The WPI Robotics Library includes built in support for all the sendwat are supplied in the FRC kit of
parts as well as many other commonly used sensors available to FIRST teams through industrial and
hobby robotics outlets.

Types of supported sensors
The library natively supports sensors of a number of categories siedowm.

Wheel/motor position Geartooth sensgrencodersanalog encodersndpotentiometrs
measurement

Robot orientation Compassgyro, accelerometer, ultrasonic rangefinder
Generic pulse output Counters

In the past high speed counting of pulses of encoders or accurate timing of ultrasonic rangefinders was
implemented in complex redime software and caused a number of problems as system complexity
increased. On the cRIO, the FPGA implements all the high speed measurements through dedicated
hardware ensuring accurate measurements no matter how many sensorendmmeitded to the

robot.

In addition there are many features in the WPI Robotics Library that make it easy to implement many
other types of sensors not directly supported with classes. For example general purpose counters can
measure period and count @ny device generating pulses for its output. Another example is a
generalized interrupt facility to catch high speed events without polling and potentially missing them.
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Sensors Digital /0O Subsystem

Digital I/O Subsystem
D&SM&&/

The NI 9401 module has 32 GPIO linesrdimgh the circuits in the digital sidecar, these map into 10
PWM outputs, 8 Relay outputs for driving Spike relays, the signal light, an 12C port, and 14 bidirectional
GPIO lines.

The basic update rate of tR&VM lines is a multiple of approximately 5 mdaguar speed controllers
update at slightly over 5ms, Victors update 2X (slightly over 10ms), and servos update at 4X (slightly
over 20ms).
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Sensors Digital Inputs

Digital Inputs
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Sensors Digital Outputs

Digital Outputs
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Sensors Accelerometer

Accelerometer

The accelerometer typically provided in the kit of parts is adwis accelerometer. It can provide
acceleration data in the X and Y axis relative to the circuit board. In the WPI Robotics Library you
treat it as two devices, one for the X axis and therdthdhe Y axis. This is to get better

performance if your application only needs to use one axis. The accelerometer can be used as a tilt
sensofi actually measuring the acceleration of gravity. In this case, turning the device on the side
would indicatel000 milliGs or one G.

Figurel: FRC supplied 2 axis accelerometer board connected to a robot
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Sensors Gyro

Gyro

Gyros typically supplied biFIRSTin the kit of parts are provided by Analog Devices and are actually
angular rateensors. The output voltage is proportional to the rate of rotation of the axis normal to the
gyro chip top package surface. The voltage is expressed in mV/°/second (degrees/second or rotation
expressed as a voltage). By integrating (summing) the ratet@mviputime the system can derive the
relative heading of the robot.

Another important specification for the gyro is its full scale range. Gyros with high full scale ranges can
measure fast rotation without # pfastenrotatighdates darebeo ut pu
read, but there is less resolution since a much larger range of values is spread over the same number of

bits of digital to analog input. In selecting a gyro you would ideally pick the one that had a full scale

range that exdly matched the fastest rate of rotation your robot would ever experience. That would yield

the highest accuracy possible, provided the robot never exceeded that range.

Using the Gyro class

The Gyro object is typically created in the constructor oRibigntBase derived object. When the Gyro

object is instantiated it will go through a 1 second calibration period to determine the offset of the rate
output while the robot is at rest. This means that the robot must be stationary while this is happening and
tha the gyro is unusable until after it has completed the calibration.

Once initialized, th&etAngle() method of the Gyro object will return the number of degrees of
rotation (heading) as a positive or theecglibrationv e n u mb
period. The zero heading can be reset at any time by calling the Reset() method on the Gyro object.

Setting the gyro sensitivity

The Gyro class defaults to the settings required for the 80°/sec gyro that was delivered by FIRST in the
kit of parts last year. As soon as we find out if and what type of gyro will be in the kit this year, the
default will change to match it.

To change gyro types call tisetSensitivity(float sensitivity) method and pass it the
sensitivity in volts/°/sec. Just lwareful since the units are typically mV (volts / 1000) in the spec sheets.
A sensitivity of 12.5 mV/°/sec would requireSatSensitivity() parameter value of 0.0125.

Example

This program causes the robot to drive in a straight line using the gyro sensmmbination with the
RobotDrive class. The RobotDrive.Drive method takes the speed and the turn rate as arguments; where
both vary from-1.0 to 1.0. The gyro returns a value that varies either positive or negative degrees as the
robot deviates from itsnitial heading. As long as the robot continues to go straight the heading will be
zero. If the robot were to turn from the 0 degree heading, the gyro would indicate this with either a
positive or negative value. This value is scaled and is used to ®imoltlet back on course using the

turn parameter of the Drive method.
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Sensors Gyro
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Sensors HiTechnicCompass

HiTechnicCompass

Example
Create a compass on the digital module plugged into slot 4. There can only be one i2c sensor plugged
into a digital module.

HiTechnicCompas s compass(4);
compVal = compass.GetAngle();
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Sensors Ultrasoric rangefinder

Ultrasonic rangefinder

The WPI Robotics library supports the common Daventech SRF04 or Vex ultrasonic sensor. This sensor
has a two transducers, a speaker that sends a burstisbnlc sound and a microphone that listens for

the sound to be reflected off of a nearby object. It uses two connections to the cRIO, one that initiates the
ping and the other that tells when the sound is received. The Ultrasonic object measuresoiteveame

the transmission and the reception of the echo.

SRF04
Connections

R m’i;‘

5v Supply

Echo Pulse Output
Trigger Pulse Input
Do Not Connect
Ov Ground

Figure2: SRF04 Ultrasonic Rangefinder connections

Both the Echo Puls®utput and the Trigger Pulse Input have to be connected to digital I/O ports on a
digital sidecar. When creating the Ultrasonic object, specify which ports it is connect to in the constructor:

Ultrasonic ultra(ULTRASONIC_PING, ULTRASONIC_ECHO);

In thiscase ULTRASONIC_PING and ULTRASONIC_ECHO are two constants that are defined to be
the ports numbers.

Using ultrasonic rangefinders that do not have these connections should not be implemented with the
Ultrasonic class. Instead use the appropriate claseda@ensor, for example an AnalogChannel object
for an ultrasonic sensor that returns the range as a voltage.

Example
Reads the range on an ultrasonic sensor connected to the ports ULTRASONIC_PING and

ULTRASONIC_ECHO.
Ultrasonic ultra(ULTRASONIC_PING, UL TRASONIC_ECHO);

ultra.SetAutomaticMode(true);
int range = ultra.GetRangelnches();
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Sensors Counter Subsystem

Counter Subsystem

The counters subsystem represent a very complete set of digital signal measurement tools for
interfacing with many sensors that you cart pu the robot. There are several parts to the counter
subsystem.

. “ r\)ﬁf\
B2 7”6_'&
8> o

Al . Up,/ Down g

S
LI - WL
Coun

Figure3: Schematic of the possible sources and counters in the Counter Subsystem in the cRIO.

Counters can be triggered by either Analog Triggers or Digital $nfine trigger source can either
control up/down counters (Counter objects), quadrature encoders (Encoder objects), or interrupt
generation.

Analog triggers count each time an analog signal goes outside or inside of a set range of voltages.
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Sensors Counter Objects

Counter Objects

Counter objects are extremely flexible elements that can count input from either a digital input signal or
an analog trigger. They can also operate in a number of modes based on the type of input samal
of which are used to implement other sensimghe WPI Robotics Library.

1 Geartooth modec enables up/down counting based on the width of an input pulse. This is used
to implement the GearTooth object with direction sensing.

1 Semiperiod modeg counts the period of a portion of the input signal. Tisisised to measure
the time of flight of the echo pulse in an ultrasonic sensor.

1 Normal modeg can count edges of a signal in either up counting or down counting directions
based on the input selected.
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