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Using the WPI Robotics Library
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What is the WPI Robotics Library?
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» Work with the cRIO controller.
« Handle low level interfacing of components.
» Allow users of all experience levels accesth&features.
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Exceptions conventions
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Resource reservations

TEa:F8G!$':19(%$7<F$HH(ISHH3F$8:9!83!' R'SE@!8(R:13;!G:%BD0!<%8:'%$H!
"G:'P$8<3%!G(G8:7!:31@$'IL$"I<G!&G:9!83IR":P:%6!'13;18@:!G$7:!R3'8G!: 3!
9<;:":%8!R&'R3G:G!I8@3&Q@'8@:"1<G!$IL$(1$'38%69!<8!<:1%:F:GG$'(K.

Source code availability
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Using the WPI Robotics Library User’s Guide
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Choosing Between C++ and Java

C++ and Java are very similar languages; in fact Java has its roots in C++. If you can
write WPILib C++ programs for your robot, then you can probably also write WPILib
Java programs. There are, however, reasons for choosing one programming language
over the other.!

Language Differences
There is a detailed list of the differences between C++ and Java on Wikipedia available
here: http://en.wikipedia.org/wiki/Comparison_of Java_and_C++. Below is a

summary of the differences that will most likely effect robot programs created with
WPILib.!

Memory allocated and freed manually.! Objects must be allocated manually, but
are freed automatically when no
references remain.!

Pointers, references, and local instances of | References to objects instead of pointers.
objects.! All objects must be allocated with the new
operator and are referenced using the dot
(.) operator. (e.g. gyro.getAngle() )!

Header files and preprocessor used for Header files are not necessary and
including declarations in necessary parts references are automatically resolved as
of the program.! the program is built. !

Implements multiple inheritance where a | Only single inheritance is supported, but
class can be derived from several other interfaces are added to Java to get the
classes, combining the behavior of all the | most benefits that multiple inheritance
base classes.! provides.!

Does not natively check for many Checks for array subscripts out of bounds,
common runtime errors.! uninitialized references to objects and

other runtime errors that might occur in
program development.!

Highest performance on the platform, Compiles to byte code for a virtual
because it compiles directly to machine machine, and must be interpreted.!
code for the PowerPC processor in the

cRIO.!

WPILib Differences

In order to streamline transitions between C++ and Java, all WPILib classes and
methods have the same names in both languages. There are some minor differences
between the language conventions and utility functions. These differences are detailed in
the table below:!
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Our version of Java

The Java virtual machine and implementation used with WPILib is the Squawk platform
based on the Java ME (micro edition) platform. Java ME is a simplified version of Java
designed for the limitations of embedded devices. As a result, there are no user interface
classes or other classes that are not meaningful in this environment. The most common
Java platform is the Java Standard Edition (SE). Some of the SE features that are not
included in our version of Java are described in the list below.!

e Dynamic class loading is not supported for class loading or unloading.

* Reflection, a way of manipulating classes while the program is running, is also not
supported.

* The Java compiler generates a series of byte codes for the virtual machine. When
you create a program for the cRIO with Java ME, a step is automatically run after
the program compiles (called pre-verification). This pre-verification pass simplifies
the program loading process and reduces the size of the Java virtual machine
(JVM).

* [Finalization is not implemented, meaning the system will not automatically call
the finalize() method of an unreferenced object. If you need to be sure code runs
when a class 1s no longer referenced, you must explicitly call a method that cleans
up.

e Java Native Interface (JNI) is not supported. This is a method of calling C
programs from Java using a standard technique.

e Serialization and Remote Method Invocation (RMI) are not supported.

e The user interface APIs (Swing and AW'T) are not implemented.

e Threads are supported, but thread groups are not.

e Java ME is based on an earlier version of Java SE (1.3), so it doesn’t include newer

Java features, such as generics, annotations and autoboxing.



Choosing a robot base
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SimpleRobot
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package edu.wpi.first.wpilibj.templates;

import edu.wpi.first.wpilibj. *

public class Sample extends SimpleRobot {
private RobotDrive myRobot; /I robot drive system
private Joystick stick; /I joystick for teleop control

public  Sample() {
myRobot. setExpiration(0.1); /I set the motor safety timeout
stick = new Joystick(1);

}

protected void a utonomous() {
myRobot.setExpiration(2.5); // set MotorSafety expiration
myRobot.drive(1.0, 0.0); /I drive forward full speed
Timer.delay(2.0); /I wait 2 seconds while driving
myRobot.drive(0.0, 0.0); /I stop robot

}

protected void operatorControl() {
while (isEnabled()) {
myRobot.arcade(stick); /I drive using arcade steering
}
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IterativeRobot
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Init methods (disabledInit, autonomouslinit, teleoplnit)
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Periodic methods (disabledPeriodic, autonomousPeriodic, teleopPeriodic)
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Continuous methods (disabledContinuous, autonomousContinuous,

teleopContinuous)
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Sensors
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Types of supported sensors
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Wheel/motor position | Gear-tooth sensors, encoders, analog encoders, and
measurement! potentiometers!

Robot orientation! Compass, gyro, accelerometer, ultrasonic rangefinder!
Generic pulse output! | Counters!
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Digital 1/0O Subsystem

Below is a visual representation of the digital breakout board, and the digital I/O
subsystem.!
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Digital Inputs
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Digital Outputs
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Accelerometer (2009 part)
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Gyro
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Using the Gyro class
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3Ea:B!IL<HH!"8&'%!8@:!%&7E:"3;!9:Q":G!3;!'38$8<3%! @:$9<%QK!$G!$!R3G<8<P:!13"
%:Q%$8<P:1%&7E:""H$8<P:183!18@:!"'SE380G!R3G<8<3%!9&'<%Q!8@:!F$H<E'$8<3%!R:'<39.!?
\:'31@:$9<%Q!F$W!E:!"G:8!$8!$%(18<7:!E(FSHHR&RQB@:! I reset()  '<%!#IPSK!
7:8@39!3%!8@:!('3!3Ea:F8.

Setting the gyro sensitivity
?2@:"(3'FH$GG!9:;$&HBG!83!18@:!G:88<%QG!":"&<"9!;3'18@:!0,kcG:F!Q('3!8@$8!L$G!
9:H<P:"9!E(IMCDX?!<%!8@:!+,,0!6<8!3;!IR$'8G.
?23IF@3%%Q:!Q('3!8(R:G!IFSHsEBER:hsitivity (float sensitivity)!7: 8@39!

|I3'! setSensitivity (double sensitivity) !<W!#IP$KI$%NIR$GG!<8!18@:!G:%G<8<P<§(!
<%!P3H8GCkcG:F.!?$6:19%38:18@$8!8@:!&%<8G!$":!18(R<F$HH(!GR:F<;<:9!<%!7b!IP3H8G!c!",,
8@:!GR:FIG@::8G.IM3":[$7RH:*1$!G:%G<8<P<8(!3;!"+.)!17bckcG:FIL3&HI!":"&<":I$!
SetSensitivity()!lsetSensitivity () !<VHPIKIRS'$7:8:""PSHE&:!3;!,.,"+).!

?2@:;3HH3L<%Q!:[$7RH:IR'3Q'$7G!F$&G:!18@:!"3E38!83!9'<P:!1<%!$!G8'$<Q@8!H<%:!1&G<%Q
Q('3!G:%G3"<%!F37E<%$8<3%! L @3 0rive ! FH$GG. ¥ @BotDrive . Drive!
7:8@39!8%6:G!18@:!GR::9!$%9!8@0!&8"!1$G!$'Q&7:%8GIL@:"'E38@!P$'(!;'37}
83!".,.17@:!1Q('3!":8&'%G!$!PFH&: 1<% 9<F$8<%Q!8@: ! %&7E:"3;!9:Q"::G!IR3G<8<P:!3'!
%:Q%$8<P:!18@:!"'3E38!9:P<$8:9!;'37!<8G!<%<8<$H! @:$9<%Q."G!H3%Q!$G!8@:!"'3E38!F3%8<'
Q3!G8'$<Q@8*18@:! @:$9<%Q!L<HH!E{BTRIIEBCEG!8@:!Q('3!83!6::R!8@:!'3E38!
3%!F3&'G:IE(1739<;(<%Q!8@:!8&'%!R$'$7:8:"13;!18@:!g'<P:!7:8@39.

The angle is multiplied by a proportional scaling constant (Kp) to scale it for the speed of

the robot drive. This factor is called the proportional constant or loop gain. Increasing Kp



will cause the robot to correct more quickly (but too high and it will oscillate).
Decreasing the value will cause the robot correct more slowly (possibly never reaching
the desired heading). This is known as proportional control, and is discussed further in
the PID control section of the advanced programming section. !

class GyroSample : public SimpleRobot

RobotDrive myRobot; // robot drive system
Gyro gyro;
static const float Kp = 0.03;

public:
GyroSample():
myRobot(1, 2), //initialize the sensors in initialization list
gyro(1)

myRobot .SetExpiration(0.1);
}

void Autonomous()

{
gyro.Reset();

while (IsAutonomous())

float angle = gyro.GetAngle(); /I get heading
myRobot.Drive(  -1.0, -angle * Kp); // turn to correct heading
Wait(0.004);

}

myRobot.Drive(0.0, 0.0); /I stop robot

h
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package edu.wpi.first.wpilibj.templates;

import edu.wpi.first.wpilibj.Gyro;

import edu .wpi.first.wpilibj.RobotDrive;
import edu.wpi.first.wpilibj.SimpleRobot;
import edu.wpi.first.wpilibj. Timer;

public class GyroSample extends SimpleRobot {

private RobotDrive myRobot; // robot drive system
private Gyro gyro;

double Kp = 0.03;

public GyroSample()
{

}

protected void Autonomous() {
gyro.reset();
while (isAutonomous()) {
double angle = gyro.getAngle(); /I get heading
myRobot.drive( - 1.0, - angle*Kp); // drive to heading
Timer.delay(0.004);

myRobot. setExpiration(0.1);

}
myRobot.drive(0.0, 0.0); /I stop robot

h
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HiTechnicCompass
?@:'F37R$GG!&G:G!I8@:!:$'8@OG!7$Q%:8<F!;<:H9!83!9:8:'7<%:18@:! @:$9<% Q.1 ?@<G!;<:H¢
"H$8<P:H('L:$6!F$&G<%Q!8@:!F37R$GG!83!E:!G&GF:R8<EH:!83!<%8:";:".%F:!;'37!38@:"
7$Q%:8<F!;<:HIG!G&F@!$G!8@3G:!Q:%:'$8:9'E(18@:!7383'G!$%9!:H:F8'3%<FG!3%!(3&'"
'3E38.!C;!(&!9:F<9:183!&G:!1$!IF37RIGG*E:!G&":183!73&%8!<8!;$"1$LB(!;'37!<%8:";:'<%Q!
:H:F8'3%<FG!$%9!P:'<;(18<8G!$FF&'$F(.1"99<8<3%$HH(*!8@:!F37TR$GG!F3%%:F8G!83!8@:!(
R3'8!3%!8@:!9<Q<8$H!CcT!739&H:.!C8!<G!<7R3'8$%8!83!%38:!8@$8!8 @R3\5!3%H(!3%:!C+
3% $F@!8®:G:!1739&H:G.!

HiTechnicCompass compass(4);
compVal = compass.GetAngle();

2[$7RH:I-Y! AMNZZIR'3Q'$7!83!F":$8:I$!IF37R$GG!3%!8@:!C+N!IR3'8!3;!18@:!19<Q<8$H!739&H:IRH&QQ:9!<%83!GH38!>.
%
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Ultrasonic rangefinder
?@:'ABC!D3E38<FG!H<E'$'(IG&RR3'8G!I8@:!F3773%!g:P$%8:F@!XDM,>!3'h:[!&H8'$G3%<F!
G:%G3.1?7@<G!G:%G3''@3$G!8L3!8'$%GI&F:'G*I$!GR:$6:"'8@%$8!G:%9G!$'E&'G8!3;!&H8'$G30
G3&%9*1$%9!$!7<F'3R@3%:!8@$8'H<G8:%G!;3"18@:!G3&%9!83!E:!";H:F8:9!3;;!3;!$!%:$'E(!
3Ea:F8.IC&<"G!8L3!F3%%:F8<3%G!83!8@:!FDCT*!13%:!18@%$8!<%<8<$8:G!8@:!R<%Q!$%9!8
38@:"'8@%$8!8:HHG!IL@:%!8@:!G3&%9!<G!"F:<P:9.17@:! H8'$G3%<F!3Ea:F8!7:$G&"G!8@:!8
E:8L::%!8@:18'$%NG7<GG<3%!$%9!18@:!"F:R8<3%!3;!18@::F@3.!5:H3LI<GI$'R<F8&"!3:18@:!
0:P$%8:F@!'XDMIL<8@!8@:!F3%%:F8<3%GIH$E:H:9.

SRF04
Connections

5v Supply

Echo Pulse Output
Trigger Pulse input
Do Not Connect
Ov Ground

M<Q&'AYXDM,>!_H8'$G3%<F!D$%Q:;<%9:'F3%%:F8<3%G
538@!8@:12F @3'B&HG: I T&8R&8!$%9!8@:!?'<QQ:1B&HG:IC%R&S!@$P:!83!E:IF3%%:F8:9!83
9<Q<8$H!CCTIR3'8G!3%!$M:$BIEBHEIS'AIA@: %! F:$8<%Q!8 @8 $G3%<F!3Ea:F8*!
GR:F<;(IL@<F@!R3'8G!<8!<G!F3%%:F8:9!831<%!8 G GRY@HLH8IHS@:!:[$7RH:G!
E:H3L!

Ultrasonic ultra(ULTRASONIC_ECHO_PULSE_OUTPUT,
ULTRASONIC_TRIGGER_PULSE_INPUT);

Example 4:  NZZ!:[$7RH:!3;IF:$8<%Q!$%!&H8'$G3%<F!'$%Q:;<%9:'13Ea:F8

Ultrasonic ultra = new Ultrasonic(ULTRASONIC_ECHO_PULSE_OUTPUT,
ULTRASONIC_TRIGGER_PULSE_INPUT);

Example 5:  #$P$:[$7RH:!3;IF:$8<%Q!$%!&H8'$G3%<F!'$%Q:;<%9:"13Ea:F8.



In this case, ULTRASONIC ECHO_ PULSE_ OUTPUT and

ULTRASONIC TRIGGER PULSE_ INPUT are two constants that are defined to be the

digital I/O port numbers.!
03!%38!&G:!18@:!&H8'$G3%<FIFH$GG!;3'1&H8'$G3%<F!'$%Q:;<%9:'G!8@$8!93!%38! @ $P:!8 (€
F3%%:F8<3%G.!IC%G8:$9*1&G:!18@:!$RR'3R'<$8:IFH$GG!;3'18@:!G:%G3*IG&F@!$G!$%!
AnalogChannel!3Ea:F8!;3''$%!&H8'$GEBI%G3'18@$8!":8&'%G!8@:!'$%Q:!$G!HP3H8$Q..

?@:1;3HH3L<%Q!8L3L[$7RH:G!"$9!18@:!"$%Q:!13%!$%!&H8'$G3%<F!G:%G3'1F3%%:F8:9!83!8(
3&8R&8IR3'8!_J?DMXTSCNmMBCS]!$%9!8@:!<%R&8!R3'8!_J?D"XTECNmM2NdT.

Ultrasonic ultra( ULTRASONIC_PING, ULTRASONIC_ECHO);
ultra.SetAutomaticMode(true);
int range = ultra.GetRangelnches();

2[$7RH:11Y! NZZ!:[$7RH:!3;!F:$8<%Q!$%!&H8'$G3%<F!G:%G3'13Ea:F8!<%!$&837$8<F!739:!1$%9!Q:188<%Q!8@:!'$%Q:.

Ultrasonic ultra = new Ultrasonic(ULTRASONIC_PING, ULTRASONIC _ ECHO);
ultra.setAutomaticMode(true);
int range = ultra.getRangelnches();

2[$7RH:I/Y! #$P$!:[$7RH:!13;!IF:$8<%Q!$%!&H8'$G3%<F!G:%G3'13Ea: F8!<%!$&837$8<F!739:1$%9!Qt88<%Q!8@:!'$%Q:.
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Counter Subsystem

The counters subsystem represents an extensive set of digital signal measurement tools for
interfacing with many sensors. There are several parts to the counter subsystem. Below is
a schematic representing the counter subsystem.!

SRS S0

ri?@”;‘* udrten)

M<Q&"! YXF@:7$8<F!3;!8@:!R3GG<EH:!G3&'F:G!$%9!F3&%8:'G!<%!8@:IN3&%8:""X&EG(G8:7!<%!8@:!FDCT.
Either analog triggers or digital inputs can trigger counters. The 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.!

Counter Objects
N3&%8:"'3Ea:F8G!$":!:[8"7:H(!;H:[<EH:!:H:7:%8G!8@$8!F$%!F3&%8!<%R&8!;'37!:<8@:"$!
9<Q<8$H!<%R&B!IG<Q%$H!3'1$%!$%$H3Q!8'<QQ:".1?7@: (IF$%!3R:'$8:1<%!$!%& 7E:13:1739:G!
E$G:9!3%!8@:!8(R:!3;!<%R&8!G<Q%$H*'G37:!3;|L@<F@!$"!&G:9!83!<7RH:7:%8!38@:'!
G:%G3'G!<%!8@:!ABC!D3E38<FQ!I<E'$(.

e ]:$ WB338@!739%9 " %SEH:G!&RCcI3L%!F3&%8<%Q!ESG:9!3%! BESHLIRE& 8!
R&HG:.I?@<G!<G!&G:9!83!I<7RH: z&aHB@ith!3Ea:F8!L<8@!9<":F8<3%!
G:%G<%Q.

e X:7<UR:'<39!739:! j IF3&%8G!8@:!R:'<39!3;!$!R3'8<3%!3;!8@:!<%R&8!G<Q%$H.!?@<G!
&G:9!83!7:$G&":18@:18<7:13;I:H<Q@8!3;!8@::F@3'R&HG:!<%!$%!&H8'$G3%<F!G:%G3

e S3'7$H!7 39:!j IF$%!F3&%8!:90Q:G!3;!$!G<Q%$H!<%!:<8@:"&R!F3&%8<%Q!3"193L %!
F3&%8<%Q!9<":F8<3%G!E$G:9!3%!8@:!<%R&8!G:H:F8:9.

Encoders

Encoders are devices for measuring the rotation of a spinning shaft. Encoders are
typically used to measure the distance a wheel has turned which can be translated into the
distance the robot has traveled. The distance traveled over a measured period of time
represents the speed of the robot, and is another common use for encoders. Encoders can



also directly measure the rate of rotation by determining the time between pulses. The
following table lists the WPILib supported encoder types:!

Simple encoders Single output encoders that provide a state change as the wheel

(using the Counter | is turned. With these encoders there is no way of detecting the

class)! direction of rotation. The Innovation First VEX encoder and
the index outputs of a quadrature encoder are examples of this
type of device.!

Quadrature Quadrature encoders have two outputs, typically referred to as

encoders the A channel and the B channel, and are is out of phase from

(Encoder class)! each other. Looking at the relationship between the two inputs

provides information about the direction the motor is turning.
The relationship between the inputs is identified by locating the
rising edge and falling edge signals. The quadrature encoder
class can look at all edges and give an oversampled output with
4x accuracy.!

Gear tooth sensor The gear tooth sensor is typically supplied by FIRST as part of
(GearTooth class)! the FRC kit of parts. It is designed to monitor the rotation of a
sprocket or gear. It uses a Hall-effect device to sense the teeth of

the sprocket as they move past the sensor.!
P$EHY2%F39:'18(R:G!8@$8!$": | G&RRBB(!ABCI<E

Gear Tooth Sensor

Gear tooth sensors are designed to be mounted adjacent to spinning ferrous gear or
sprocket teeth and detect whenever a tooth passes. The gear tooth sensor is a Hall-effect
device that uses a magnet and solid-state device that can measure changes in the field
caused by the passing teeth.!

?@:'R<F8&"!E:H3LIG@3LG!$!Q:$'"8338@!G:%G3'173&%8:9!3%!$!b2i'3E38!IF@ICG<G!
7:$G&'<%Q!$!7:88H!Q:$''38$8<3%.!S38<F:!18@$8!$!7:8$H!Q:$''<G!$88$F @:9!83!8@:IRH$G8<
Q:$.17@:0Q:$''8338@!G:%G3"1%:WGBLG 17$8:'<$PHIR$GG<%Q!E(!<8!83!9:8:F8!'B8$8<3%.
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M<Q&"! Y]:$'8338@!G:%GB<8@!$!;:"3&G!Q:$'IF:7:98:9!83!8@:!IRH$G8<F!b:[!Q:$''G3!18@:!Q:$'8338@!G:%3'1L3&HI!
9:8:F8!8@:!'38$8<3%.

Encoders

2%F39:'G!8(R<F$HH(!@$P:!$!"'38$8<% Q! TIEIBII8@H880! ;' 3%8! 3 Rk 383!
9:8:F83"."G!8@:!GH38G!/R$GG!8@:!9:8:F83*IR&HG:G!$":1Q:%:'$8:9!3%!8@:!3&8R&8.17@:!'$8
$8ILO<F@!8@:!GH38G!R$GG!8@:!19:8:F83'1<%9<F$8:G!8@:!'38$8<3%$H!GR::9!3:!18@:!G@$
8@%&TE:"3;!IGH38G!8@%$8! @$P:!R$GG:9!8@:19:8:F83'1<%9<F$8:G!8@:!1%&7E:"3;!1'38$8<3%(

5:H3LI<GI!$!R<F8&"!31!$8639:'173&%8:9!3%!$!b2iI'3E38Y

M<Q&"# Y]'$(@<HH! &$9'$8&":I3R8<F$H!:%F39:".1S38:18@:!8L3!F3%%:F83'G*I13%F@ B4 H!$%9!3%:!;318@:!
S5IF@%$%%:H.



Quadrature Encoders

N&$9'$8&"::%F39:'G!$ ! @$%IH:9'E(18@:12%F39:"TFHSGG.! G<%Q!$!"&$9'$8&":!1:%F39:"!
<G!93%:!E(!F3%%:F8<%Q!8@:!"$%9!5!F @$%%:HG!83!8L3!9<Q<83$H!CcT!R3'8G!$%9!$GG<!(
8@:7!<%!8@:'F3%G8'&F83';3'"12% FBB3:3N'$7!3;!18@:!3&8BR&B!G<Q%SHG!3;!$!"&F$9'$8&":!
:%F39:"'<G!IG@3L%'E:H3L.

LT LTI 1T chorna s
Channdd &

s frack on disk
Channel &
: Channd &
— :'—
60'-

M<Q&"! Yh&$9'$8&":1:%F39: IR@$G:!":H$8<3%G@<RG!E:8L::%!8@:!8L3!F@$%%:HG.
X37:"'&$9'$8&"::%F39:'G!@$P:!$%!:[8'$!<%9:[F@$%%:H.!?@<G!IF@$%%:H'R&HG:G!3%F:!
:3'LSF@!F37RH:8:!"P3H&8<3%!3;!8@:!:%F39:""G@$;8.!C;!F3&%8<%Q!8@:!<%9:[F@$%%:H!-
17&<"9!;3'18@:'$RRH<F$8<3%!<8!F$%!E:!193%:!E('F3%%:F8<%Q!8@%$8!F@$%%:H!83!$!G<7k
N3&%8:'I3B:F8IL@<F@!@%$G!%3!9<":F8<3%!<%;3'7$8<3%.

?2@:"1$"!;3&" QuadratureEncoder!739&H:G!<%!8@:!FDCTOG!MB]"$%9!0!N3&%8:'"!
739&H:G!8@$8!F$%!3R:'$8:!1$G!"&$9'$8&"::%F39:'G.! T%:!3;!18@:19<;;:":%F:G!E:8L::%!
8@::%F39:"1$%9!F3&%8:"'@$'9L$":!<G!8@$8!:%F39:'G! F$UI P <BHHR: 9! >i!
F3&%8!&G<%Q!I$HH!>!:19Q:G!3;!18@:!1<%R&8!G<Q%S$H*'E&8!F3&%8:'G!F$%!3%H(!":8&'%!$!"i!<
"G&HS8IE$G:9!3%!3%:!3;!8@:!<%R&B!G<Q%SHG.!C;!"i!3"+iI<GIF@3G:%!<%!8@:!12%F39:'!
F3%G8'&F83™*!$IN3&%08:'1739&H:!<G!&G:9!L<8@!H3L:"13P:'G$7RH<%Q.BK!={HD:;$&H
F@3G:%*18@:%!3%:!3;!18@:!;3&'MB]":%F39:'GkG!&G:9.

C%!8@:":[$7RH:E:HALSPAB 1$":!18@:!R3'8!1%&7E:'G!;3'18@:!8L3!9<Q<8F$H!<%R&8G!$%9!
true!8:HHG!8@:!:%F39:'83!%38!<%P:'8!8@:!F3&%8<%Q!9<":F8<3%.!?@:!G:%G:9!9<":F8<3%
F3&H9!9:R:%9!3%!@3L!8@:!:%F393&%8:9!".H$8<P:!183!8@:!G@3$;8!'E:<%Q!7:$G&"9.!
?2@:k4X17$6:G!IG&"18@%$8!$%!:%F39:'1739&H:!;'37!18@:IMB]"<G!&G:9!$%9!>i!I$FF&'$F(!
<G!3E8$<%:9.1?3!Q:8!8@:!>iI!P$H&:!(3&!G@3&HRERRIB@V:8@39!3%!8@:!

%F39:".!The Get ()!7:8@39!L<HH!$HLS(G!":8&'%!8@:!W3XVP$SHE&:IE(!19<P<9<%Q!
8@:!$F8&SH!F3&%8!3E8$<%:9E(1I8@:!"i*!+i*13'I>il 7&HB<RH<:".

Encoder encoder(1, 2, true, k4X);

2[$7RH:I0Y! NZZ!F39:IF:$8<%Q!$%!:%F39:'13%!R3'8G!"1$%9!+IL<8@!"P:'G:!G:%G<%Q!$%9!>il:%F39<%Q.

Encoder encoder;
encoder = new Encoder(1, 2, true, En codingType.k4X);

2[$7RH:I=Y! #3P$!IF39:IF'$:$8<%Q!$%!:%F39:"13%!R3'8G!"I$%9!+IL<8@!":P:'G:!G:%G<%Q!$%9!>i!:%F39<%Q.
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Analog Inputs
?2@:!SC!=+,"1"%3$H3Q!83!g<Q<8$H!739&H: ! @$G!$!%&7E:"3;!;:$8&":G!%38!$PS<HSEH:!3%!
G<7RH:"F3%8'3HH:'G.!C8!L<HH!$&83 (1&3HHH: 18 @ :!$%SH3Q!F @$%%:HEI<%!$!'3&%9
'BE<%!;$CG@<3%*R'3P<9<%Q!$!F37E<%:9!G$7RH:!'$8:13;1),,!16GcG!),,*,,,|G$7RH:G!c!
G:F3%9K.!?@:G:IF@%$%%:HG!F$%!'E:!3R8<3%$HH(!3P:'G$7RH:9!$%9!$P:'$Q:9!83!R'3P<9:!8(
P$H&:I8@$8!<GI&G:9E(I8@:IR'3Q'$7.17@:"1!$"I"'BIQLMBO!; H3$8<% Q!R3<%8!P3H8$Q:!
3&8R&BG!SPS<HPEH:1<%!$99<8<3%!83!18@:!$P:'$Q:9!P$H&:G.!?@:19<$Q'$7!E:H3L!3&8H<%:!
8@<GIR'3FIGG.
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R$'8!3;!18@:!1$%GL:""8@$8!<G!H3G8!<%!R'39&F<%Q!8@:!<%8:Q:""P$H&:9!".G&H8.ITP:'G$7RH
<GI$IB:F@%< &!IL@:"":[8'$!G$7RH:G!$"!G&77:9*E&8!%38!9<P<9:9!93L%!83!R'39&F:!
8@:!$P:'$Q:.'X&RR3G:!18@:!G(G8:7!L:":I13P:'G$7RH<%Q'E(!"1)33@GB!L3&H9!7:$%)!
803$8!18@:!PSHE&:G!":8&'%:9!IL:"I$FB8&SHH(I"1!18<7:G!I8@:!$P:'$Q:.! G<%Q!8@:!3P:'G$7RH:9!
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:900Q<%:!:"&$8<3%G!$" !G@3L%'E:H3L.
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To set the number of oversampled and averaged values use the methods in the examples
below:!

void SetAverageBits(UINT32 bits);
UINT32 GetAverageBits();

void SetOversampleBits(UINT32 bits);
UINT32 GetOversampleBits();

2[$7RH:!"Y! NZZ!7:8@39G!;3'1G:88<%Q!3P:'G$7RH<%Q!$%9!$P:'$Q<%Q!3%!$%!$%$H3Q!8319<Q<8$H!F3%P:'8:".

void setAverageBits(int bits);

UINT32 getAverageBits();

void setOversampleBits(UINT32 hits);
UINT32 getOversampleBits();

2[$7TRH:I"Y! #$P$17:8@39G!;3'1G:883P6G$7RH<%Q!$%9!$P:'$Q<%Q!3%!$%!$%$H3Q!8319<Qk8$H!F3%P:'8:".
?2@:1%&7E:"3;!1$P:'$Q:9!$%9!3P:'G$7RH:9!P$H&:G!$" ISHLS(G!R3L:'G!3;!8L3!
19%&7E:"13;!E<BG!3;!13P:'G$7RH<%QCcHP:'$Q<%QK.!1?@:":;3"!18@:!%&7E:"3;!3P:'G$7RH:9!
3'1$P:'$Q:9!P$H&:G!<G!8L3E<8G* L @GOEGBRIGG:9!83!18@:!7:8@39GY!
SetOversampleBits (bits) $%%etAverageBits (bits) .!?@:!$F8&$H!'$8:!
B8@$8!P$H&:G!$":IR'39&F:9!;'37!18@:!$%FH3Q!<%R&E&B!'IF@$%%:H!<G!"9&F:9'E(!8@:!%&7E:"3,;
$P:'$Q:9!$%9!3P:'G$7RH:9'P$HE&:G.IM3'.[$7RH:*!G:88<%Q!8@:!1%&7E:'3;!3RIG$7RH:
E<8G!83!>!$%9!8@:!$P:'$Q:!IE<8G!83!+!L3&HI!"9&F:18@:1%&7E:"3;!9:H<P:":9!IG$7RH:G!E(!
"1[1$%91>[*13'11> ]

?2@:!G$7RH:I'$8:1<G!;<[:9'R:"1$%FH3Q!CcT!739&H:*IG3!I$HH!8@:'F@$%%:HG!3%!$!Q<P: %!
739&H:17&G8!G$7RH:!1$8!18@:!G$7:1'$8:.!1d3L:P:*18@:!$P:'$Q<%Q!$%9! 3AGHEIR
'$8:GIF$W!E:IF@%$%Q:9!;3'":$F@!F@$%%:H.!?@:!ABC!D3E38<FG!J<E'$'('L<HH!$HH3L!8@:!
G$7RH:I'$8:183!E:!F@$%Q:9!3%F:!;3'1$!739&H: . \IN@$%Q<%Q!<8!83!$!9<;;:":%8!P$H&: ! L<HH!
"G&H8!<%!$!'&%8<7:!:"3"E:<%Q!Q:%:'$8:9.1?7@:!&G:!3;!G37:!G:%G3'G!IF&":%8H('a&G8!
8@:']('3KIL<HH!G:8!8@:!G$7RH:!'$8:183!$!GR:F<;<FIP$H&:!;3'"18@:!739&H:!<8!<G!F3%%:F8:9!
83!



Analog Triggers
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Controlling Actuators
?2@<G!G:F8<3%!9<GF&GG:G!8@:!'F3%8'3H!3;!7383'G!$%9!R%:&7$8<FG!8@'3&Q@!GR::9!
F3%8'3HH:'G*!"H$(G*'$%9!'ABCJI<E!7:8@39G.!?@:!3P:'$HH!G8'&F8&":!3;!18@<G!G:F8<3%!<G!

GC@3L%!<%!8@:'F@%$'8!E:H3L.

f383'G! B%:&7$8<FG!
| | | | | | 1 | | 1
l b<F83'G!\ l #$Q&$'G!\ l X:'P3G! \ lD3E389‘<P:I l x3H:%3<9]:l D:H$(G! \
|

M<Q&"D Y'F8&$83'1G:F8<3%!3'Q$%3%3

Motors

?@:'ABC!D3E38<FG!H<E'$'(|@$G!:[8:%G<P:!IG&RR3'8!;3'17383'1F3%8'3H.1?@:"!$"!$!
%&7E:"13;IFH3GG:G!18@$8!"R":G:%8!9<;;::%8!8(R:G!3;!GR::9'F3%8'3HH:'G!$%9!G:'P3G.!
?@:'ABC!D3E38<FGII<E'$'('F&":%8H(!IG&RR3'8G!8LIIFH3GG:G!3;!GR::9!1F3%8'3HH:'G*!

BAf WE$S®!7383''F3%8'3HH:'G!#3$Q&$'G!3'1b<F83'GK!$%9!G:'P3G*!E&8!<G!$HG3!9:G<Q%:9!
83IG&RR3'8!1%BH!7383''F3%8'3HH:'G!8@$8!L<HH!E:!$P$<HPEH: 1<% B®):!;&8&":.!
$99<8<3%*IL@<H:1%38!$F8&$HH(!1$%!$F8&$83*18@:!D3E38Y'<P:!IFH$GG! @$%9H:G!G8$%9
7383*1>17383*1$%9!f:F$%&7!19'<P:IE$G:G!<%F3'R3'$8<%Q!:<8@:'#$Q&%$'3'1b<F83'!
GR::9'F3%8'3HH!'G.
f383'IGR::9'F3%8'3HH:'G!8%$6:!GR::9!P$H&:G!<%!;H3$8<%Q!R3<%8!%&7E:'G!8@%$8!'$%Q:!;'3"
U.,1831Z".,.17@:'P$H&: '3, 1" R"G:%8G!;&HH!GR::9!<%!3%:!9<":F8<3%*!".,I"R":G:%8G!
:&HH!GR!<%!8@:!138@:'19<":F8<3%*1$%9!,.,!"R"G:%8G!G83RR:9./f383'G!F$%!$HGI!E:!G:8!
83!19<GS$EH:9*IL@:"!18@:!G<Q%$H!<G!%3'H3%Q:"'G:%8!83!8@:!GR::9!F3%8'3HH:".
2@:"1$"1$!1%&7E:"3;!17383'IF3%8'3HH<%Q!FH$GG:G!<%FH&9:9!<%!ABCI<K!?@:G:!IFH$GG
$:1Q<P:%!<%!8@:!8$HIIFY

PWM! Base class for all the pwm-based speed controllers and servos!

Victor! Speed controller with a 10ms update rate, supplied by Innovation First,
commonly used in robotics competitions.!

Jaguar! Advanced speed controller used for 2009 and future FRC competitions
with a Sms update rate.!

Servol Class designed to control small hobby servos as typically supplied in the
FIRST kit of parts.!

RobotDrive! | General purpose class for controlling a robot drive train with either 2 or 4
drive motors. It provides high level operations like turning. It does this by
controlling all the robot drive motors in a coordinated way. It’s useful for




| | both autonomous and tele-operated driving.! |
?$EH) Y!?(R:G!3;!7383'1F3%8!3H

PWM
?@:'BAfIFH$GG!I<G!8@:!'E$G:IFH$GG!;3"19:P<F:G!8@$8!3R:'$8:!3%!BAfIG<Q%$HG!$%9!<G !¢
F3%%:F8<3%!83!8@:!BAfIG<Q%$H!Q:%:'$8<3%!@$'9IL$":!1<%!8@:!FDCT.!C8!<G!%38!<%8:%¢
E:1&G:99<"F8H(!13%!$!GR::9'F3%8'3HH:"13'1G:'P3.1?@:!BAfIFH$GG!@$G!G@$":9!F39:!;3'!
b<F83*1#$Q&$*!1$%9!X:'PIIGREFH$GG:G!I8@$8!G:8!8@:!&R9$8:!'$8:*19:$9E$% 9! H<7<%$8<:
$%9'R'3;<H:!IG@P$R<%Q!3;!8@:!3&8BR&8!G<Q%$H.

SafePWM
?2@:!X$;:BAfIFH$GG!<G!$!GLEFH$GG!3; | BARBIITSRAISG!18@:!D3E38X$;:8(1<%8:";$F:!
$%9!$99G!L$8F@93Q!FSRSE<H<B(!183!:$F@!GR::9!F3%8!3HH:"13Ea:F8.

Victor
?2@:'b<F83''FH$GG!"R"G:%8G!8@:!b<F83''GR::9'F3%8'3HH:'G!R'3P<9:9!E(!C%%3P$8<3%!
M<'G8.!1?@:(!@$P:!$!7€0L, 7G!&R9$8:IR:'<39!$%9!3%H(!18%$6:!$!BAfIF3%8'3H!
G<Q%S$H.1?@:17<%<7&7'$%9!7$[<7&7'PS$HE&:G!8@$8!L<HH!9'<P:18@:!b<F83''GR::9!F3%8'3H
P$'(1;'37!3%:1&%<8!83!8@:!%:[8.!h3&!R$IMLYIB@:!P$H&:G!;3'I$!R$'8<F&HS$''GR::9!
F3%8'3HH:"E(!&G<%Q!$!G<7RH:R'3Q!GBHR@GIBQ :P$H&:GI&R!$%9!93L%!<%!G<%QH:!
'$LI&Y%<8!<%F":7:%8G.1h3&!%::9!18@:!;3HH3L<%Q!P$H&:G!;'37!$!P<F83'Y

Max! The maximum value where the motors stop changing speed and the
light on the Victor goes to full green.!

DeadbandMax! | The value where the motor just stops operating.!

Center! The value that is in the center of the deadband that turns off the
motors.!

DeadbandMin! | The value where the motor just starts running in the opposite
direction.!

Min! The minimum value (highest speed in opposite direction) where the

motors stop changing speed.!
?$EHLYS:F:GG$'(1<%,;3'7$8<3%!$E3&8!b<F83'G

A<8@!8@:G:!P$H&:G*IF8EItH8 @hdas!7:8@39!3%!8@:!F:$8:9!b<F83'13EA:F8.

void SetBounds(INT32 max,
INT32 deadbandMax,
INT32 center,
INT32 deadbandMin,
INT32 min);

2[$7RH:I"+YININZZ17:8@39!;3'1G:88<%Q!8@:E3&%9G!3%!$!b<FB3'I3Ea:F8.

Jaguar
?2@:1#$Q&$''FHIGG!G&RR3IBBBO@%WG8'&7:%B8ERS$''GR::9!F3%8'3HH:".!C8! @$G!$!
BAfl &R9%$8:!R:'<39!3;!IGH<Q@8H(!Q":$8)B&%%
?@:'<%RE&BIPSH&:G!;3'18@:1#$Q&$''$%0Q; 187!, 3';&HHIGR::9!<%!: <8 @:"!
9<"F8<3%!L<8@!,!"R".G:%8<%Q!G33RR:9.



_G:I3;!H<7<8IGL<8F@:G
"#' %
Example
"#' %

Servo

?2@:!'X:'P3'IFH$GGIG&RR3'8G!8@:!d<8:F@%<F!G:'P3GFGRIRRMHR:-9I@EP:!$!+,7G!
&R9%$8:IR:'<39!$%9!$":1F3%8'3HH:9!E(IBAfI3&8R&8B!GQ%$HG.
?2@:1<%R&8IPSHE:G!;3'"18@:!X:'P3!'$%Q:!;'37!,.,183!".,1:3";: &HH!"38$8<3%!<%!3%:!19<":F8<3%!
83!:&HH!'38$8<3%!<%!8 @BIRRFB<3%.!1?7@:"I<GI$HG3!$!7:8@39!83!G:8!8@:!G:'P3!
$%QH:!E$G:9!13%!8@:!IF&":%8H(K!;<[:917<%<7&7!$%9!7$[<7&7!$%QH:IP$H&:G.
M3':[$7RH:*18@:!;3HH3L<%Q!F39:!;'$Q7:%8!'38$8:G!$!G:'P3!18@'3&Q@!<8G!;&HH!"$%Q:!<%!"
G8:RGY

Servo s ervo(3);
float servoRange = servo.GetMaxAngle() - servo.GetMinAngle();
for (fl oat angle = servo.GetMinAngle();
angle < servo.GetMaxAngle();
angle += servoRange / 10.0)
{
servo.SetAngle(angle); /I set servo to angle
Wait(1.0) ; [/l wait 1 second

}

2[$7RH:!"-Y! NZZ!:[$7RH:!18@%$8!'38%$8:G!$!G:'P3!18@'3&Q@!<8G!;&HH!I'$%Q:!<%!",!G8:RG.

RobotDrive
?@:RobotDrivelFH$GG!<G!9:G<Q%:9!83!G<7RH<;(!18@:!3R:'$8<3%!3;!8@:!9'<P:!7383'G!
E$G:9!3%!$!739:H!3;!18@:19'<P:!18'$<%!F3%;<Q& '$8RBQYFAV!GF'<EG8@:!H$(3&8!
3;18@:17383'G.!1?@:%!'8@:!FH$GG!F$%!0Q:%:'$8:!$HH!8@:!IGR::9!P$H&:G!83!3R:'$8:!18@:!7383
:3'19<;;:":%8!F3%;<B<3%M3'F$G:G!18@$8!;<8!8@:!739:H*I<8!R'3P<9:G!$!G<Q%<;<F$%8!
G<7RH<;<F$8<3%!83!G8%$%9%$'9!9'<P<%Q!F39:.IM3'73"!F37RH:[IF$G:G!8@$8!$":%08!9<":F8l
G&RR3'8:9'E(!8@dbotDrive!lFH$GG!<8!7$(IE:!G&EFH$GG:9!83!$99!$99<8<3%%$H!;:$8&":G!
3'1%38!&G:9!$8!$HH.

First, create a RobotDrive object specifying the left and right Jaguar motor controllers
on the robot, as shown below.

RobotDrive drive(1, 2); /I left, right motors on ports 1,2
2[$7RH:I">YI N $8<%Q!$!D3E38!9'<P:13Ea:F8!<%!NI3'I#$P$.

Or!

RobotDrive drive(1, 2, 3, 4); /I four motor drive configuration

2[$7RH:I")Y! N:$8<%Q!$!'3E38!9'<P:I13Ea:F8IL<8@!>!71383'G.

This sets up the class for a 2 motor configuration or a 4 motor configuration. There are
additional methods that can be called to modify the behavior of the setup.!



SetlnvertedMotor(kFrontLeftMotor, true);

2[$7RH:I"1Y! C%P:'8<%Q!8@:17383'19<":F8<3%!k%INZZ.

This sets the operation of the front left motor to be inverted. This might be necessary
depending on the setup of your drive train.!

T%F:!G:8!&R*18@:"!$"!7:8@39@EB!F$%! @:HR!L<8@!9'<P<%Q!8@:!'3E38!:<8@:'!;'37!8@:!
g'<P:"1X8%$8<3%!F3%8'3HG!3'"'8@'3&Q@'R'3Q'$77:9!3R:'$8<3%G.!1?@:G:!7:8@39G!$":!
9:GF'<E:9<%!8@:!18$EH:IE:H3L.

Drive (speed, turn) Designed to take speed and turn values ranging from -
1.0 to 1.0. The speed values set the robot overall drive
speed; with positive values representing forward and
negative values representing backwards. The turn
value tries to specify constant radius turns for any drive
speed. Negative values represent left turns and the
positive values represent right turns. !

TankDrive (leftStick, Takes two joysticks and controls the robot with tank
rightStick) steering using the y-axis of each joystick. There are
also methods that allow you to specify which axis is
used from each stick.!

ArcadeDrive (stick) Takes a joystick and controls the robot with arcade
(single stick) steering using the y-axis of the joystick for
forward/backward speed and the x-axis of the joystick
for turns. There are also other methods that allow you
to specify different joystick axes.!

HolonomicDrive (magnitud | Takes floating point values, the first two are a direction
e, direction, rotation) | yector the robot should drive in. The third parameter,
rotation, 1s the independent rate of rotation while the
robot is driving. This 1s intended for robots with 4
Mecanum wheels independently controlled.!
SetLeftRightMotorSpeeds | Takes two values for the left and right motor speeds.
(leftSpeed, rightSpeed) | Agwith all the other methods, this will control the
motors as defined by the constructor.!

2$EHN YINZZIR8<3%G!;3'19'<P<%Q!$!BEBBHSPS! 7:8@39G!$":18@:1G$7::[F:R8IL<8@!H:$9<%Q!H3L: IF$G:!
F@$'$F8:'G.
?2@:brive!l7:8@39!3;!8@RbbotDrive!lFH$GG!<G!9:G<Q%:9!83!G&RR3'8!;::9E$F6!E$G:9!
9'<P<%Q.RR3G:!(3&!L$%8!8@:!'3E38!83!9'<P:!<%!$!G8'$<Q@8!H<%:!9:GR<8:!R@(G<F$H!
P$'<$8<3%G! <P R@SY%<F$H!9: CRIDOL[S:'%S$H!: 3 F:G.17@:"I1$":1$1%& 7E: 131I$(G!
3;!IG3HP<%Q!8@<G!'RIBRBAIZL3!:[$7RH:G!$"!1&GQEQ!IB3IB@!G:%G3'G!3'$!Q('3.!C%!
<B@:''F$G:I$%B''P$HE& ! desired) lactualH<G!Q:%:'$8:9!18 @A HRG:%8C@3L!;$"
;'371G8'$<Q@8!8@:!"3E38!<G!F&":%8H(18'$F6<%Q.1?@<G!:"3'IP$H&:IR3G<8<P:!;3'3%:!
9<"F8<3%!$%9!%:Q$8<P:!;3'18@:!38@:'K!F$%!E:!GF$H:9!$%9!&G:9!9<":F8H(IL<8@!8@:!8&'%
$'Q&7:%8!3;18@:!g'<P:!B@39.1?@<G!F$&G:G!8@:!'3E38!83!8&'%!ESF6!83!G8'$<Q@8!L<8@ !
F3":F8<3%!8@%$8!<G!R'3R3'8<3%$H!83!BI@@:'BIB'Q:''8@:!:"3*18@:!Q".$8:''18@:!

8&'%.



Using RobotDrive with Victor speed controllers
5(19:;$&H8!8@:!D3E38g'<P:!IFH$GG!$GG&7:G!8 @ $8#HIRFACRHIG!$':1&G:9.1?3!
&G:1b<F83''GR::9!F3%8'3HH:'G*!F":$8:!18@:!'b<F83''13Ea:F8G!8@:%!'F$HH!8@:!D3E38g'<P:!
F3%G8'&F83'"'R$GG<%Q!<8!R3<%8:'G!3'":;:".%F:G!83!8@:!b<F83''3Ea:F8G!'$8@:"'8 @ $%!R3'¢
%&TE:'G!

E725-8'%!"#" %



Relays
?@:'FDCT!R'3P<9:G!8@:!F3%%:F8<3%G!%:F:GG$'(!183!L<".!ICMC!GR<6:G!P<$!8@:!H$(!3&8F
3%!8@:19<QERPHBEBIE3F'AN?@E"$63&8!E3$'IR'3P<9:G!$!838%H!3;!G<[8::%!
3&8R&8BG*:<Q@8!;3'L$'9!$%9!:<Q@8!":P:'G:."?@:!;3'L$'9!3&8BR&8B!G<Q%SH!<G!G:%8!3P:"''8@
R<%!'$@:G8!;'37!18@:!:9Q:!3;!8@:$63&8'E3$'F!HSEH:9!$G!3&BR&BIL@<H:!18@:!
"P:'G:1G<Q%%$H!3&8BRE&8B!<G!G:%8!3P:''18@:!F:%8:""R<%*IH$E:H:9!3&8R&8!5.!!?@:!;<%$H!R<¥
Q'3&%9!F3%%:F8k3%.
A@:%!$!D:H$(!3Ea:F8!<G!F"$8:9!<%!ABCI<E*<8G!F3GBH&EBF @ $%%0:H!$%9!
9<":F8<3%*!13"1$!IGH38* I F@$%%:H!$%9!9<":F8<3%.!1?@:IGH38!<G!8@:!GH38!%&7E:'18@$8!8(
739&H:!1<G'RH&QQ:9!<%83!18@:!19<Q<8$H!739&H:E:<%Q!L @'B3 &R EI3QI8HH!
F3%%:F8:9!183!3%!8@:!AFD@@KG!R$'$7:8:'1<G!%38!%::9:9!<; ! 8o K!I&8!9<Q<8FH!
739&H:!I<G!E:<%Q!&G:9.1?7@:!IF@$%%:H!<G!8@:!%&7E:"3;!8@:!F3%%:F8<3%!E:<%Q!&G:9!!
8@:19<Q<B$HB3&BIE3$'A!?@:19<":F8<3%!F$%sithDirections!I8L3!
9<":F8<3%!G3H:%3Mi¢ardonly!l&G:G!I3%H(!18@:!;3'L$'9IR<%K*13'!
kReverseOnlyll&G:GI3M(!18@:!"P:'G:!IR<%K.!C;!$!P$H&:!1<G!%38!<%R&8!;3'19<":F8<3%*!<8!
9:;$&H8G!&BothDirections.'?@<G!9:8:'7<%:GILAQ<F@!7:8@39G!<%!8@:!D:H$(FH$GG!
F$%E:!1&G:9IL<8@!$'R$'8<F&HS$''<%G8$WF:!3;!18@:!13Ea:F8.!1?7@:!7:8@39G!<%FH&9:9!<%!8(¢
"H$(IFH$GG!$"!G@3L%!<%HBaI ESS3LL.

void Set(Value value) This method sets the the state of the relay — Valid
mputs:!

All Directions:!'6T;;!j 18&'%G!3;;!8@:!D:H$(
kForwardOnly or kReverseOnly: 16 T% 18&'%G!3%!
:3'L$'9131:P:'G:I3; 1 HB(*19:R:%9<% Q! 3%)!

9<":F8<3%

kForwardOnly: 6M3'L$'9!] !G:8!8@:!":H$(!83!

;3'L$9 !

kReverseOnly: 6D:P:'G:!j !IG:8!8@:!"H$(!83!"P:'G
void Sets the direction of the relay — Valid inputs:!
SetDirection (Direction | kBothDirections:!"HH3LG!8@:!"H$(!83!&G:!E38@
direction) ;3'L$'9!1$%9!":P:'G:IR<%G!3%!8@:!F@$%%:H

kForwardOnly:!"HH3LG!:H$(183!&G:13%H(18@:!
:3'L$'9IG<Q%SH!IR<%
kReverseOnly: "HH3LG!"H$(!83!&G:!13%H(!18@:!
"P:'G:IG<Q%3$H!R<%

?$EHOYD:H$(IFH$GG!7:8@39G

In the example below, m_relay is initialized to be on channel 1. Since no direction is
specified, the direction is set to the default value of kBothDirections. m_relay? is
initialized to channel 2, with a direction of kForwardOnly. In the following line,
m_relay is set to the direction of kReverseOnly, and is then turned on, which results
in the reverse output being turned on. m_relay2 is then set to forward — since it is a
forward only relay, this has the same effect as setting it to on. After that,m relay is



turned off, a command that turns off any active pins on the channel, regardless of
direction. !

Relay m_relay(1);
Relay m_relay2(2,Relay::kForwardOnly);

m_relay.SetDirection(Relay::kReverseOnly);
m_relay.Set(Relay::kOn);
m_relay2.Set(Relay::kForw ard);
m_relay.Set(Relay::kOff);

2[$7RH:I"Y! NZZL[$7RH:!3;IF3#BHH<%Q!" H$(G!&G<%Q!8@:!D:H$(IFHSGG.
F'(%*2@2%'725-8%




Using the serial port
F"(%,)5'%'725-8',%23(%()/15'3020.)3 %



Using 12C
F"(%()/15'3020.)3%23(%'725-8', %



Pneumatics

Controlling pneumatics with WPILib is quite simple. The two classes you will need are
shown in the table below.!

Solenoid Can control pneumatic actuators directly without the need for an
additional relay. (In the past a Spike relay was required along with a
digital output port to control a pneumatics component.)!

Compressor Keeps the pneumatics system charged by using a pressure switch and

software to turn the compressor on and off as needed.!
?$EHAWNHSGCG:G!;3'1F3%8'3HH<%Q!R%:&7$8<FG

Compressor
The Compressor class is designed to operate the FRC supplied compressor on the robot.
A Compressor object is constructed with 2 input/output ports:!

e The Digital output port connected to the Spike relay that controls the power to
the compressor. (A digital output or Solenoid module port alone doesn’t supply
enough current to operate the compressor.)

e The Digital input port connected to the pressure switch that monitors the

accumulator pressure.

The Compressor class will automatically create a task that runs in the background and
twice a second and turns the compressor on or off based on the pressure switch value. If
the system pressure is above the high set point, the compressor turns off. If the pressure 1s
below the low set point, the compressor turns on.!

231&G:18@:IN37R :GG3'IFH$GG!F":$8:1$%!<%G8$%F:!3;!18@:IN37R" GG 3'13Ea:F8!$%9!&G:!
8@3tart () 7:8@39.17@<G!<G!8(R<F$HH(193%:!<%!8@:IF3%G8'&F83':3'(3&'!D3E38!
B'3Q'$7.IT%F:1G8%$'8:9*1<8IL<HH!F3%8<%&.:183!'&%!3%!<8G!3L%IL<8@!%3!;&'8@:"!
R'3Q'$77<%QI9%:GG$'(.!C;|(3&193! @$P:I$%!SRRH<F$8<3%IL@:"18@:!F37R :GG3'1G@3&H9!
E:18&'%:9!3;*IR3GG<EH(19&'<%Q!G37:IR$'8<F&HS$R@$G:!3;!8@:1Q$7:IRHS(* (3&!F$%!G83F
$%9!:G8$'8!18@:IF37R":GG31&G<YEHEMA) $% AR tart () 17:8@39G.
2@:F37R":GG3FH$GGIL<HH!F":$8:!<%G8$Y = Gi¥ lB@Hpu t'$%ARkelay!
3Ea:F8G!<%8:'%$HH(183!"$9!8@:!R:GG&"!GL<8F@!$%9!3R:'$8:18 @ XR<6:1":H$(.

|

M3':[$7RH:*IG&RR3G:!(3&!@$9!$!F37R":GG3'1$%9!$!XR<6:!"H$('F3%%:F8:9!83!D:H$(!
R3'8!+1$%9!18@:!R""GG&":|BE@'F3%%:F8:9!83!9<Q<8%H!<%R&8!R3'8!>.1538@!3;!8@:G:!R3'8C
$":1F3%%:F8:9!183!18@:'R'<7$'(19<Q<8%H!<%R&8!739&H:.'h3&!F3&H9!F":$8:!$%9!G83$'8!8@:!
F37R"GG3"'&%%<%Q!<%!8@:'F3%G8'&F8REhH3RAse!9:'<P:9!3Ea:F8!& G196 @):!
:3HH3L<%Q!+!H<%:G!3;!F39:Y

Compressor *c = new Compressor(4, 2);
c- >Start();

2[$7RH:!I"0Y! X8%'8<%QI8@:!IF37R"GG3'<%!$INZZIR'3Q'$7!;'$Q7:%8.



F"(%D2@2%'725-8%
In the example above, the variable c is a pointer to a compressor object and the object is
allocated using the new operator. If it were allocated as a local variable in the

constructor, at the end of the constructor function its local variables would be deallocated
and the compressor would stop operating.!

C++ Object Life Span

You need the Compressor object to last the entire match. If you allocate it with new, the
best practice is to store the pointer in a member variable, then delete it in the Robot’s
destructor, as shown in the example below:!

class RobotDemo : public SimpleRobot
{
Compressor *m_compressor;
public:
RobotDemo()
{
m_compressor = new Compressor(4, 2);
m_compressor - >Start();
}
~RobotDemo()
{
delete m_compressor;
}
}

2[$7RH:!I"=Y! f$6<%QI8@:!F37R"GG3''&%!;3'18@:!:%8<":17$8F@!<%!$!NZZIR'3Q'$7.
Alternatively, you can declare it as a member object then initialize and start () itin the
Robot’s constructor. In this case you need to use the constructor’s “initialization list” to

itialize the Compressor object. The C++ compiler will quietly give RobotDemo a
destructor that deletes the Compressor object.!

Solenoid

The Solenoid object controls the outputs of the NI 9472 Digital Output Module. It is
designed to apply an input voltage to any of the 8 outputs. Each output can provide up to
1A of current. The module is designed to operate 12v pneumatic solenoids used on
FIRST robots. This makes the use of relays unnecessary for pneumatic solenoids.!

?2@:!SC!=>/+Ig<Q<83$H!T&BR&8!f39&H:!193:G!%38!R'3P<9:1:%3&Q@!F&":%8!83!3R:'$8:!$!
7383"3'"18@:!IF37R":GG3*!G3!"H$(G!F3%%:F8:9!83!g5'(FH63RBIE3$'9!19<Q<8FH!
3&8R&BG!IL<HH!G8<HH!E:!": "&@OB(E: I SRRH<F$8<3%G.
?@:!R3'8!%&7E:'G!3%!8@:!X3H:%3<9!FH$GG!"$WMACIRI<%8:9!3%!8@:!
R%:&7$8<FG!E":$63&8!E3%'9.
?2@:ISC!=>/+1<%9<F$83'"H<Q@8G!$" | %&PE3'H@:!0'R3I'BG* I L@<F@'<G!9<;;:":%8!
%&7E:'<%Q!8@%$%!&G:9'E(!18@:'FH$GG!3'"'8@:!R%: K48RG ERIHEGF':: %K %Q.
X:88<%Q!8@:!13&8R&8B!P$H&:G!3;!18@:!X3H:%3<9!3Ea:F8G!83!8'&:!3'";$HG:IL<HH!8&'%!8@:!3
3%!$%9!3;;!"GR:F8<P:H(.!?@:!;3HH3L<%Q!'F39:!;'$Q7:%8!L<HH!F":$8:!0!X3H:%3<9!3Ea:F8 G*!
<%<8<$H<\:I:$F@!83!8'&:!13%K*!1$%9!8@:%0!8&'% ! S A TF- 39890t P @:%!<8!8&'%G!



8@:7"'$F@'E$F6!3%*!13%:!R:"'G:F3%9*1$%9!9:H:8:G!8@:!3Ea:F8G.!h3&!F$%!3EG:'P:!18@:!
3R:'$8<3%!3;!18@:!X3H:%3<9!FH$GG!E('H336<%Q!$8!8@:!<%9<F$83"'H<Q@8G!3%!8@:!=>/+
739&H:!

Solenoid *s[8];
for (inti=0;i<8; i++)

s[i] = new Solenoid(i + 1); /I allocate the Solenoid objects
for (inti=0;i<8; i++)

s[i] - >Set(true); / turn them all on
Wait(1.0);
for (inti=0;i<8; i++)
s[i] - >Set(false); [ turn them each off in turn
Wait(1.0);

for (inti=0;i<8; i++)

s[i] - >Set(true); /I turn them back on in turn
Wait(1.0);
delete s]i; /I delete the objects

}

2[$7RH:1+,Y! N3%8'3HH<%Q!X3H:%3<9G!<%!$INZZ!R'3Q'$T!; $Q7:%8.
F'(%*2@2%'725-8%



Getting Feedback from the Driver Station

The driver station is constantly communicating with the robot controller. You can read
the driver station values of the attached joysticks, digital inputs, analog inputs, and write
to the digital outputs. In addition there 1s Enhanced I/0 provided through the Cypress
module. The DriverStation class has methods for reading and writing everything
connected to it, including joysticks. There is another object, Joystick that provides a more
convenient set of methods for dealing with joysticks and other HID controllers connected
to the USB ports. The general relationships of feedback from the driver station are shown
in the chart below. The enhanced 170 is provided through an additional class called
DriverStationEnhancedIO. This class has methods for reading and writing all the
I/0 options on the Cypress module as well as configuring it.

M::9ES$F6!

M'37!'3E38!

231'3E38!
l D:Q&H$'!Cc]! lz%@$%|::9%'l g$§%§§§;9!|l b<9:3! |

——

<Q<8%$H!$%9!
l #3(G8<F5% l$‘?ﬂn$(lg-|3Q!<%%&8G!

M<Q&"E YM::9E$F6!G:F8<3%!3'Q$%<\$8<3%

Getting Data from the Digital and Analog Ports

Building a driver station with just joysticks 1s simple and easy to do, especially with the
range of HID USB devices supported by the Microsoft Windows based driver station.
Custom interfaces can be constructed and implemented using the digital and analog I/0
on the driver station. Switches can be connected to the digital inputs, the digital outputs
can drive indicators, and the analog inputs can read various sensors, like potentiometers.
Here are some examples of custom interfaces that are possible:!

e Set of switches to set various autonomous modes and options

e Potentiometers on a model of an arm to control the actual arm on the robot

* Rotary switches with a different resistor at each position to generate unique
voltage to effectively add more switch inputs

e Three pushbutton switches to set an elevator to one of three heights automatically

These custom interfaces often give the robot better control than is available from a

standard joystick or controller.!
h3&!F$%!"$9cL'<8:18@:19'<P:"1G8%$8<3%!$%$H3Q!$%9!9<Q<8$H!CcT!I&G<%Q!8@:!;3HH3L<%
g'<P:'X8%$8<3%!7:8@3PGY



float GetAnalogIn (UINT32 channel) Read an analog input value

connected to port channel!

bool GetDlgltalIn (UINT32 channel) Read a dlgltal input value

connected to port channel!

void SetDlg:LtalOut (UINT32 channel, Write a dlgltal Output value on

bool wvalue)

port channel!

bool GetDlg:LtalOut (UINT32 channel) Read the Currenﬂy set dlgltal

output value on port channel!

P$EH, Y G<%Q!8@:19'<P:'IG8%$8<3%!$%$H3Q!$%9!9<Q<8$H!CcT

Other Driver Station Features

The Driver Station is constantly communicating with the Field Management System
(FMS) and provides additional status information through that connection:!

bool IsDisabled()

Robot state!

bool IsAutonomous() ;

Field state (autonomous vs. teleop)!

bool IsOperatorControl() ;

Field state!

UINT32 GetPacketNumber () ;

Sequence number of the current driver station
received data packet!

Alliance GetAlliance();

Alliance (red, blue) for the match!

UINT32 GetLocation() ;

Starting field position of the robot (1, 2, or 3) !

float GetBatteryVoltage() ;

Battery voltage on the robot!

?$EH!" IN377&%<F$8<%Q!L<8@!8@:!MfX

Joysticks

?@:1G8%$%9%$'9!<%R&8!9:P<F:!G&RR3'8:9!E(18@:!ABC!D3E38<FG!I<E'$'(I<G!$!_X5!a3(G8<F6
?@:!+,,=16<8!a3(G8<F6!F37:G!: &<RR:9!IL<8@!9kR48HH!<%R&8!E&883%G!$%9!8@"::!
$%PH3Q!P[:G*1$%9!<%8:";$F:G!IL<8@!8@:!'3E38!I8@'3&Q@!8@:!#3(G8<F6IFH$GG.!1?@:1#3(G
FH$GG!<8G:H;!G&RR3'8G!;<P:1$%$H3Q!$%9!8L:HP: | Ik @<BIlI$PHRBE.&L313'1a3(G8<F6G!

L<8@!73":IFSR$E<H<B<:G.

?@:1a3(G8<F6!7&G8!E:IF38M8B!3%:!3;!18@:!;3&'1$P$<HSEH:!_X5!R3'8G!3%!8@:!9'<P:'!
G8%$8<3%.!1?7@:!G8%$'8&R!'3&8<%:!IL<HH!"$9!L@%$8:P:'"R3G<8<3%!8@:!1a3(G8<F6G!$"!<%!$G!¢
F:%8:""R3G<8<3%*18@:";3"*IL@:%!8@:!G8%$8<3%!<G!8&'%:9!3%!8@:!1a3(G8<F6G!7&G8!E:!$8
8@:<'IF:%8:""R3G<8<3%.!!? @GaRI®3'18$6:G!:<8@:''18@:!R3'8!%&T7E:"18@:'a3(G8<F6!<G!
RH&QQ:9!<%83*I;3HH3L:9!E(!18@:!%&7E:"13;!$[:G!$%9!8@:%!8@:!%&7E:"13;|E&883%G*!3'!
a&G8!8@:IR3'BIN&TE:";'3718@:!19'<P:'OG!G8$8<3%.!1?@:!;3'7:'I<GIR'<7$'<H(!;3'1&G:1<%!
G&BFFH$GG<%Q!IM3':[$7RH:*183!FIHI83GG!3'1$!UBM!a3(G8<F6K*1$%9!8@:IH$88:'!;3'1$!

G8%$%9%$'9!16<8!a3(E8<F6.

?@:;3HH3L<%Q![$7RH:!IL3&HI!F":$8:1$!9:;$&H8!a3(G8<F6!F$HH:9!19'<P:#3(13%!_X5!R3'8!"!
3;18@:19'<P:"1G8%$8<3%.!X37:8@<%Q!H<6:1$!f<F'3G3;8!X<9:L<%9:"1a3(G8<F6!IL@Q<F@'@$G!;:
$%$H3Q!PIFZ09!:<Q@8!E&BFIUGBKF @!L3&HI!E:!$!Q339!F$%9<9$8:!;3'1$IGKEFH$GG!3;!

#3(G8<F6.




Joystick driveJoy(1);
Joystick opJoy(2,5,8);

2[$7TRH:I+"Y! N':$8<%Q!$!9:;$&H8I#3(G8<F6I3Ea:F8.
?2@:"1$"18L3!7:8@39G!83!$FF.GG!8@:!$[:G!3;!18@:!a3(G8<F6.!12$F @!<%R&8!$[<G!<G!HSE:H:
$GI8@ h*!p*1?@'388H:*13"1?L<G8!$[<G.!IM3'18@:!6<8!a3(G8<F6*!8 @ BIRRH<FSEH:!
H$E:H:9'F3":F8H(I!$!%4B%8!a3(G8<F6!L<HH!":"&<"18:G8<%Q!83!9:8:'7<%:!IL@<F@!$[:G!
F3":GR3%9!83!IL@<F@!9:Q"::G!3;!;"::937.
23F@!3;18@:G:!1$[:G!@$C!$%!$CG3F<$8:9!$SFREFA3INBAAN<P:#3(1<%!8@: 1$E3P:!
[$7RH:IF3&HIE:!"$9'E('FSHHeU e TJoy . GetX (KI'8@:!18L<G8!$%9!8@'388H:!$[:G!
$I$FF.GG:9'EdiriveJoy.GetTwist () 1$%HriveJoy.GetThrottle () ,!

"GR:F8<P:H(.

"HB:'%$8<P:H(*18@:!$[:G!IF$W!E:I$SFF:.GG:9P<SB@RA%8@() |$%tetRawAxis () !
7:8@39GtetAxis () !8$6:G!$WN!N<G?(RIkXAxis*kYAxis*kZAxis*!
kTwistAxis*I3'kThrottleAxis!j |$%9!"8&'%G!8@$8!$[<GOPSRanAxis ()!
836:GBI%&7E:"I" UK!$%9!"8&'%G!8@:!P$H&:!3;!8@:!$[<G!SGG3F<$8:9!L<8@!8@$8!%&7E:".!
?2@:G:1%&7E:'G!$" "t F3%;<Q&'$SEH:1$%9!$":1Q:%:'$SHH(!&G:9!L<8@!F&G837!F3%8'3H!
G(G8:7G*IG<%F:!18@:!38@:"8L3!7:8@39G!"H<$EH(!":8&'%!8@:!G$7:19$8%!;3'$!Q<P:%!$[<G.
2@:71$"18@"::IL$(G!83!ISFF:GG!8@:!183R!E&883%!19:;$&H8:9!83!E&B883%!+K!$%9!8'<QQ:'"!
IE&883%!"K.N?@:!;<'G8!<G&mB'&G:GR:F8<P:I$FF:GG3'7:8@3Q&tTop () 1$%9!
GetTrigger () ,L@<F@!:8&'%!$!8'&:!13";$HG:IPSH&:!E$G:9!13%!L@:8@:'"'8@:!E&883%!<G!
F&":%8H('E:<%Q'R"GG:9.!"IG:F3%9!7:8@39!<G!83!F$HH!]:85&883%IK*!L@<F@!8%6:G!$!
5&883%?(R:ILO<F@!'F$W'E:!:¥8@:sButton!3'kTriggerButton.!!?@:!H$G8!
7:8@39!<G!3%:!18@$8!SHHILG!SFF:GG!83!8@:!G8%$8:!3;!:P:'('E&883%!B!8@:!a3(G8<F6!
GetRawButton () .!?@<G!7:8@39!8%6:G!$!%&7E:"'F3":GR3%9<%Q!83!$'E&883%!3%!8@:!
a3(G8<F6!IG::19<$Q'$7!E:H3LK*!1$%9!":8&'%!8@:!G8%$8:!3;!8 @ $8!E&B883%.




M<Q& +, Yg<$Q'$7!3;!$!_X5!a3(G8<F6

In addition to the standard method of accessing the Cartesian coordinates (x and y axes)
of the joystick’s position, WPILib also has the ability to return the position of the joystick
as a magnitude and direction. To access the magnitude, the GetMagnitude ()
method can be called, and to access the direction, either GetDirectionDegrees ()
or GetDirectionRadians () can be called. (See the example below)!

Joystick driveJoy(1);
Jaguar leftControl(1);
Jaguar rightControl(2);

if(driveJoy.GetTrigger()) INf the trigger is pressed
{
/[Have the left motor get input from Y axis
/land the right motor get input from X axis
leftControl.Set(driveJoy.GetY());
rightControl.Set(driveJoy.Get Axis(kXAXxis));

else if(driveJoy.GetRawButton(2)) //If button number 2 pressed (top)

/[Have both right and left motors get input

/[from the throttle axis
leftControl.Set(driveJoy.GetThrottle());
rightControl.Set(driveJoy.Get Axis(kThrottleAxis));

[/If button number 4 is pressed
else if(driveJoy.GetRawButton(4))  //If button number 4 is pressed

/Have the left motor get input from the
/Imagnitude of the joystickOs position
leftControl.Set(driveJoy.GetMagnitude());

}

2[$7RH:I++Y!_G<%Q!E&883%G!83!9:8:'7<%:!@3L!83!<%8:'R":8!8@:!a3(GB<F6!<%R&8G.

Enhanced 1/0 through the Cypress Module
?2@:"1$":1$99<8<3%$H!CcTI3R8<3%G!$PS<HS$EH:!18@'3&Q@!8@: ! N[R%BDX!739&H:
CcT!IFH$GG.!?@:1739&H:!F3%8%<%GY
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"HH!18@:G:!$"!1$FF:GG<EH:!18@'3&Q@!8@:!g'<P:'X8%$8<3%2% @%$%F:9CT!FH$GG.!?@:!FH$G!
G<%QH:83B@..":!1<G!%:P:"173"18@%$%!$!G<%QH:!<%G8%$%F:!3;!<8!<%!8@:!G(G8:7.'h3&!F$%
Q:8!%!";:"%F:183!18@:!FH$GG!I8@'3&Q@!8@:!g'<P:'X8%$8<3%!3Ea:F8!$G!G@3L%Y

DriverStationEnhancedIO &dseio =
DriverStation.Getlnstance().GetEnhancedlO();

DriverStationEnhancedlO dseio =
DriverStation.getlnstance().getEnhancedlO();

T%F:1(3&I@$P:I$!":;: % F:18318@:1g'<P:'X8$8<3%2%@$%F:9C TI3Ea: F8!(3&! FIb! FSHH!$Y6(
8@:!7:8@39G!8@%8!$":I$PS<HSEH:.IM3":[$7RH:*!".$9<%Q!8@:!83&F@R$I!'GH<9:'1<G!93%:!
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double slider = dseio.GetTouchSlider();
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double slider =d seio.get TouchsSlider();
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Configuring the Enhanced 1/0
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settings made on a specific dashboard won’t work if the dashboard is swapped for

another one.!

Enhanced 1/0 data
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Sending data to the dashboard
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SmartDashboard
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System State Disabled LeftDrive -0.0 Right Drive -0.0

Roller Avg. Value -2 Ballin Robot false
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public void robotlnit() {
SmartDashboard.init();
SmartDashboard.log(“Initializing...", "System State");

}

public void disabledInit() {
SmartDashboard.log("Disabled", "System State");
}

public void autonomousinit() {
SmartDashboard.log("Auto", "System State");
}

public void teleoplnit() {
SmartDashboard.log("Teleop", "System State");
}
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public void teleopPeriodic() {
driveline.tankDrive(leftJoystick, rightJoystick);
SmartDashboard.log(leftJoystick.getY(), "Left Drive");
SmartDashboard.log(rightJoystick.getY(), "Right Drive");
SmartDashboard.log(collector.getAverageValue(),
"Roller Avg. Value");

int logReturnCode = SmartDashboard.log(ballinRobot.get(),
"Ball in Robot");

if(logReturnCode != SmartDashboard. SUCCESS)
System.out.printin("Err: " +
SmartDashboard.diagnoseErrorCode(logReturnCode));
}
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2010 Dashboard class
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Adding dashboard data to your robot program
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Data type of wire
Basic IO (cluster of 3 elements)
(cluster of 2 elements)
AnalogModule[0] (cluster of & elements)

5] Channel[0] (single [32-bit real (~6 digit precision)])
Channel[1] (single [32-bit real (~6 digit precision)])
Channel[2] (single [32-bit real (~6 digit precision)])
Channel[3] (single [32-bit real (~6 digit precision)])
Channel[4] (single [32-bit real (~6 digit precision)])
Channel[5] (single [32-bit real (~6 digit precision)])
Channel[6] (single [32-bit real (~6 digit precision)])

Channel[7] (single [32-bit real (~6 digit precision)])
AnalogModule[1] (cluster of & elements)
Channel[0] (single [32-bit real (~6 digit precision)])
Channel[1] (single [32-bit real (~6 digit precision)])
Channel[2] (single [32-bit real (~6 digit precision)])
Channel[3] (single [32-bit real (~6 digit precision)])
Channel[4] (single [32-bit real (~6 digit precision)])
Channel[5] (single [32-bit real (~6 digit precision)])
Channel[6] (single [32-bit real (~6 digit precision)])
Channel[7] (single [32-bit real (~6 digit precision)])
(cluster of 2 elements)
DigitalModule[0] (typedef 'DigitalData.ctl'[strict])
DigitalModule[0] (cluster of 5 elements)

Relay Fwd (unsigned byte [8-bit integer (0 to 255))

Relay Rev (unsigned byte [8-bit integer (0 to 255))

[TE] GPIO (unsigned word [16-bit integer (0 to 65535)])

[UE] GPIO_OE (unsigned word [16-bit integer (0 to 65535)])

PWM (cluster of 10 elements)

[ug] PWM[0] (unsigned byte [8-bit integer (0 to 255))
[og] PWM[1] (unsigned byte [8-bit integer (0 to 255))
[uE] PWM[2] (unsigned byte [8-bit integer (0 to 255))
o8] PWM[3] (unsigned byte [8-bit integer (0 to 255))
[uE] PWM[4] (unsigned byte [8-bit integer (0 to 255))
)
)
)
)
)

[5E] PWM[5] (unsigned byte [8-bit integer (0 to 255)
[uE] PWM[6] (unsigned byte [8-bit integer (0 to 255)
[u8] PWM[7] (unsigned byte [8-bit integer (0 to 255)
[U8] PWM[8] (unsigned byte [8-bit integer (0 to 255)
[ug] PWM[9] (unsigned byte [8-bit integer (0 to 255)
DigitalModule[1] (typedef 'DigitalData.ctl'[strict])
DigitalModule[1] (cluster of 5 elements)
Relay Fwd (unsigned byte [8-bit integer (0 to 255))
[Ug] Relay Rev (unsigned byte [8-bit integer (0 to 255))
[TE] GPIO (unsigned word [16-bit integer (0 to 65535)])
[UE] GPIO_OE (unsigned word [16-bit integer (0 to 65535)])
PWM (cluster of 10 elements)
[uE] PWM[0] (unsigned byte [8-bit integer (0 to 255))
8] PWM[1] (unsigned byte [8-bit integer (0 to 255))
[uE] PWM[2] (unsigned byte [8-bit integer (0 to 255))
U] PWM[3] (unsigned byte [8-bit integer (0 to 255))
[uE] PWM[4] (unsigned byte [8-bit integer (0 to 255))
[Ug] PWM[5] (unsigned byte [8-bit integer (0 to 255))
( )
( )
( )
)

[U8] PWM[6] (unsigned byte [8-bit integer (0 to 255)
U8 PWM[7] (unsigned byte [8-bit integer (0 to 255)
[og] PWM[8] (unsigned byte [8-bit integer (0 to 255)
[uE] PWM[9] (unsigned byte [8-bit integer (0 to 255)
Solenoid (unsigned byte [8-bit integer (0 to 255))

Data type of wire
(cluster of 2 elements)
Tracking Data (cluster of 4 elements)
X (double [64-bit real (~15 digit precision)])
[EE] Angle (double [64-bit real (~15 digit precision)])
Angular Rate (double [64-bit real (~15 digit precision)])
X (double [64-bit real (~15 digit precision)])
Target Info (cluster of 2 elements)
[c3] Targets (1-D array of)
(cluster of 2 elements)
Target Score (double [64-bit real (~15 digit precision)])
Circle Descriptor (cluster of 5 elements)
Position (cluster of 2 elements)
(single [32-bit real (~6 digit precision)])
] Y (single [32-bit real (~6 digit precision)])
Angle (double [64-bit real (~15 digit precision)])
Major Radius (double [64-bit real (~15 digit precision)])
Minor Radius (double [64-bit real (~15 digit precision)])
Raw Score (double [64-bit real (~15 digit precision)])
[E2] Timestamp (unsigned long [32-bit integer (0 to 4,294,967,295)])

>

)+




2010 Camera and Image Processing
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Using the camera
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HSLImage image;

/I Create and set up a camera instance
AxisCamera &camera = AxisCamera :: getlnstance ();
camera. writeResolution (k160x120 );

camera. writeBrightness (0);

Wait (3.0);

/I loop getting images from the camera and finding targets
while  (IsOperatorControl 0)

/l Get a camera image
camera. Getlmage (image. image );
/I do something with image here

}
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Working with images
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NQ339!LF(!183!R'3838(R:!<7$Q:!R'3F:GG<%QHEEB3!&G:!18@:!SC!h<G<3%!"GG<G8%$%8!8@$8!
<G!<%FH&9:9'L<8@!8@:!MDN!X3;8L%$":!gbg.!C7$Q:G!8%$6:%!L<8@!8@:!MDN!F$7:'$!F$%!E:!
G$P:9!8319<G6.17@:%!&G<%Q!8@:!b<G<3%!"GG<G8%$%8!(3&!F$%!8'(19<;;:":%8!3R:'$8<3%G!
P$'(<%@$'$7:8:'G!(3&!G:8!$%9!L<HH!G@3L!8@: BGRF®!3R:'$8<3%.!'h3&!F$%!
FSGF$9:!1$1%&7E:"3;!<7$Q:!13R:'$8<3%G!83Q:8@:"'$%9!G::!18@:!".G&H8!3;!8@:7!
F37E<%:9.1T%F:!1<8!<G!L3'6<%Q!3%!$!%&7E:'3;!8:G8!<7$Q:G!8@:%!<8!<G!:$G(!83!L'<8:!18@:
F3":GR3%9<%Q!F39:!1$%9!$99!<8!83!(3&'"'3E38!R'3Q'$7.!d:":I<G!$%!:[$7RH:
FSGF$9<%Q!$!N3H3'1?@":G@3H9!$%9!$!B$'8<FH:"%$H(G<GY

AECE s x|B
— pu

Original Image Color Threshold 1 Particle Analysis 1

1]

AHH!3;18@:!G$7RH:I<7$Q:G!IG@3L%!<%!8@<G!G:F8<3%!L:"IR'39&F:9!&G<%Q!8@:!Ib<G<3%
NGG<G8$%8.

Use of image memory
C%!#$P3$!<7$0Q:G!$"1G83":9!&G<%Q!NZZ!9$8$!G8'&FB8&":G!$%9!3%H('R3<%8:'G!$":!
7$3%<R&H$8:9*I$SHH!8@:!$FB&SH!R'IF.GG<%Q!<G!93%:!$8!8@:!INCcNZZ!H:P:H!;3'13R8<7&7!
R:;3'7%$%F:.! M3';[$7RH:¥$!8@".G@3H9!3R:'$8<3%!3%!$!'F3H3'<7$Q:!<8!<G!$FB&SHH(!
R:;3'7:9'E('N!F39:1$%9! 8@:!<7$Q:!<8G:H;!<G!G83"9!$G!$IN!9$8F!G8'&FB&":.|?@<G!<G!83!
R":P:%88%%:F.GGI3R<:G!;'37!NcNZZ!83!#3$P3$!;3''H$'Q:!1<7$Q:!G8'&F8&".G.!
C%!NZZ!8@:!'$F8&SH!CI n!I<7$Q:!1<G!G83"9!$G!$!7:7E:"13;!18@:!IF3":GR3%9<%Q!<73$Q:!
3Ea:F8.!|A@:%:P:"%:L!<73Q:G!$"IR'39&F: IB#$!":G&H8!3;!$%!3R:'$8<3%*!;3':.[$7RH:*!
"8&'%<%QHflnaryimage!$GI8@:!":G&H8!3;!$!18@":G@3HI!3R:'$8<3%*!$'R3<%8:'!
IBinaryImageK!<G!8&'%:9!;'37!18@:INZZ!7:8@397 @!.A/'>/@8;C@7<797.G!;NL.A/
F499/>1.:IN>//'.A/IC/O9G!499;F4./?1704B/'OA/CIN7C7T@A/?'O7!AIG&":183!9:H:8:!
8@:!<73$Q:!13Ea:F8G!IL@:%!(3&!$"!;<%<G@:9!&G<%Q!I8@:7.!X::18@:!:[$7RH:!R'3Q'$7G!
G&RRH<:9!L<8@!8@:!NZZ!'MDN!?33H6<8!;3'73":1<%;3'7$8<3%.

Image types
2@:"1$"1$1%&7E:"3;!1<7$Q:!18(R:G!$PS<HSEH:*:$F@!&G:9!;3'$!9<;;::%8!R&'R3G:.!



o—
| 1
l dXJC7$Q:!\ l D]5C7$Q:! \ 5<%$'(C7$Q1
|

2@<CBEOI8@:!@<'$F@(19<$Q'$7!3;!8@:!18(R:G!3;!<7$Q:G!$%9!8@:IFH$GG!" H$8<3%GC @4RG!E:8L::%!8@:7.
Image!<G!8@:'E$G:IFH$GG!;3'1$HH!38@:''<7$Q:!18(R:G.IC;!R'3P<9:G!@:<Q@8!$%9!L<98@!
$FF:GG3'7:8@39G!8@%$8!L3'6!$F'3GG!$HH!<73Q:!18(R:G.
ColorImage!<G!8@:'ESG<F!F3HIB(REP%I'F$%!.<8@: 'EHSL.Image!3'1$%)!
RGBImage!'R"G:%8<%Q!8@:!8L3!73G8!F3773%H(!&G:9!<73$Q:!;AIMBB3.C73Q:!
3Ea:F8G!@%$P:!18@"::!RH$%:G:$F@!"R"G:%8<%Q!G37:!R$'8!3;!8@:!838%H!<7$Q:.!C%!$%!
RGBImage*!8@:!8@":'RH$%:G!"R"G:%8!8@:!"9*!Q"::%*|&UPHEE..G!8 @ $8!7$6:!&R!
8@:!838%H!R<HB&"..
MonoImage!3Ea:F8G!"R"G:%8!$!G<%QH: B33ty Image!3Ea:F8G!@$P:!$!G<%QH:!
E<8!3':$F@!'R<[:H.I?@:(1$"!3;8:%!8@:!".G&H8!3;!$!F3H3'3":9Q:!9:8:F8<3%!3R:'$8<3%!3%!
$IColorImage./M3':[$7RH:!H336<%Q!;3''3Ea: FBIRS,8<F&H$'F3H3"7<Q@8!&G:!$!
8@".G@3H9!3R:'$8<3% 3 tE Image!:G&HB8<% Q! 8%t Blry Image!L<8@!:$F@!G:8!
R<[:H!F3":GR3%9<%Q!83!$!R<[:H!<%!8@:!N3H3'C7$Q..

Common Colorimage operations

T%F:!(3&!@$P:$blorImage!l:<8@:'HSLImage!3' ' RGBImageK!8@:"!$"!$!
%&TE:"3;13R:'$8<3%G!8@$8!F$%!E:193%:!<8.1f3G8!3;!18@:G:!13R:'$8<3%G!":G&HBG!<%!$!%:L
<7$Q:!13;!18@:!G$7:IG4\..

Threshold detection
?2@"G@3H9!9:8:F8<3%!8%6:G!$!8@"::!'$%Q:G!F3":GR3%9<%Q!83!8@:!18@"::!F3H3""RH$%:G!<
8@:!<7%$Q:!18(R:.!8inaryImage!/<G!:8&'%: 9L @:":$F@'R<[:H!8@$8!<G!3%!<%!8@:!
BinaryImage!F3":GR3%9G!83!$!R<[:H!<%BI@*Image!8@$8!L$G!L<8@<%!8@:!
8@"G@3H9!'$%Q:.
J3F$8<%Q!F3H3"8%$'Q:8G!;'37!18@:!+,,=1J&%IF(1Q$7:!F3%G<G8G!3;!;<%9<%Q!8@:!R<%6!$%
Q'::%!8%'Q:8G!$%9!7$6<%Q!G&":18@:1@:!3P:"18@:!138@:''<%!8@:!'<Q@8!3'9:".!_G<%Q!
$18@"G@3HI!3R:'$8<3%!83!9:8:F8!3%H(!8@:!R<%6!R3'8<3%!3;!8@:!<7$Q:!1<G!93%:!1&G<%C
3;!P$H&:G!8@$8!F3":GR3%9!83!18@:!R<%6!F3H3';:3&%9!3%!8@:!8$'Q:8G.!?@:!"."G&H8!<G!$!
E<87$RBinaryImageK!8@$8!"R"G:%8CRQ@H!H3F$8<3%G!<%!8@:!3'<Q<%$H!<73Q:G!
8@%8!"R"G:%8!8@:!7$8F@<%QF3H3'G.



1;9;>-04B/!;8/>4.7,C !
2@<G!<GI8@:13'<Q<%$H!<7$Q:18$6:%!&
MDNI!F$7:'$!

!

| 2@<GI<GI8@:!G&HB3%SIE<87$RIL<8E
R<[:HG!8@$8!7$8F@:9!8@:!R<%6!8@":C
P$HE .|

' T%:!3;!18@::$G<:G8!L$(G!83!9:8:'7<%:!8(
8@ G@3HI'P$H&:G!<G!&G<%Q!8@:!b<

Main  Color Threshold | $GG<G8%$%8.1h3&!IF$%!8&%:!18@:11!F3H
R$'$7:8:'G!83!:<%9!$!G:8!18@%$8!":G&H8G
Coortiodel [ rsl | prevencoor MM E.GBI9<GF'<7<%$8<3%!3;18@:I<7$Q:IE:

8:G8:9.17@:%!8@3G:IR$'$7:8:'GIF$W!E:!

%225 F3R<:91<%83!(3R'3Q'$7!83!93!8@:!
o= 125 9:8:F8<3%I<%!8@:I'3E3S.
d:"1(3&!F$%!G::!IQ'SR@G!8@$8!"R".G:%8&

Saturatio ﬂ 2

‘ |||M| :a"x i 8@:IP$H&:G!3;!d&:*IX$88 $8<3%*I$%9!
‘JI ‘ .'.-Min
Max

8

J&7<%3$%F:1<%!8@:!13'<Q<%$H!F3H3'I<7

¥  8@:!17<WBI[!PSHE& G!8@$8!$:18@:!

4255 R$'$7:8:'G!83!18@:!18@":G@3H9!3R:'$8<3¢
h3&!F$%!7$%<R&H$8:!18 @ PSH&::!18@:!
:1:F8<P:%:GG!3;!18@:!R$'$7:8:'GIF@$UC

5
Luminance
5

-l

Histogram
(& Linear

' Logarithmic OK | Cancel |

?@:'F39:18319318@<G!8@"G@3HI9!3R:'$8<3%!<G!G@3L%!E:H3LY



Threshold  pinkThreshold (226, 255, 28, 255, 96, 255); ;
HSLImage *targetimage = new HSLImage( O/testimage.pngO ); // create image
Binarylmage *pink Pixels = targetimage - >thresholdHSL(pinkThreshold);

?@<G!F39:!IR'39&F:Bitflryimage '3Ea:F8!&G<%Q!8@:!18@"G@3H9!'$%Q:G!G@3L%.!h3&!F$%
G:!@3LI8@:!P$H&:G!$":18%$6:%!;'37!8@:!1b<G<3%!"GG<G8$%8!L4%93LISE3P:.

Plane extraction and replacement
2@:"1$"1$1%&7E:"3;!17:8@39G!8@$8!L<HH!:[8'$F8!$!G<%QH:!RH$%:!;'37!$!F3H3'<7$Q:.!
?2@:17:$%<%Q!3;!18@:'RH$%:!L<HH!9:R:%9!3%!8@:!8(R:!3;!8@:!<73$Q:.IM3":[$7RH:!<%!$!
DI5N9 W% UEH&:K!<73Q:!18@:!G:F3%9!'RH$%:!<G!8@:!Q":%!RH$%:!$%9!"R":G:%8G!$HH!
8@:!1Q":%!IPH&:G.!IC%!$%!dXI'<7$Q:*18@:!G:F3%9!RH$%:!<G!8@:!G$8&'$8<3%!P$H&:!;3'18@
<7$Q:.'h3&!F$%!:[8'$F8!$%(I8(R:!3;!RH$%:!;'37!$%(I18(R:!3;!<7$Q:.IM3':[$7RH:*I<;!(3&!
@$P:!$%!D]5C7$Q:13Ea:F8*!(3&!F$%!G8<HH!:[8'$F8!8@:!H&7<%$%F:!RH$%: | E(IF$HH<%Q!8
GetLuminancePlan e() !7:8@39!<%!NZZ!3"8@luminancePlane()  !7:8@39!<%!#$P$.

o . Y

AE3P:1$18L3I<7$Q:G*18@:!;<'G8I$IF3H3'I<7$Q:!836:%!L<8@!8@:IF$7:'$!3%!8@:!'3E38I$G!
"F3'9:91E(18@:19'<P:'!G8$8<3%.1?@:!G:F3%9!<7$Q:IL$GIR'39&F:9!E(1:[8'$F8<%Q!8@:!
H&7<%$%F:IRH$%:!;'3718@81<7$Q:!H:$P<%Q!3%H(IQ"{GF$H:.

Ellipse detection
2HH<RG:!9:8:F8<3%!<G!3%:!8(R:!3;!G@$R:!9:8:F8<3%!$PS<HSEH:!;3"1&G:!IL<8@!8@:!IF$7:'$.!
2HH<RG:!19:8:F8<3%!<G!$!G<%QH:!ICI \n'HRZ$FEBED @!<%8:'%SHH(!1<8!93:G! 7$%(!
G8:RG!83!;<%9!:HH<RG:G.!?@<G!7:8@ 39! < ABRBIMEGHBEAIF8G.!g:8:F8<%Q!
‘HH<RG:G!;'37!F$7:'$!<7$Q:G!8@%$8!$":!F3H3" I KBEIMage!3' HSLImageK!

&< [8'$F8<3%!3;!$!G<%QH:!RH$%:.!?(R<FSHH(!18 @ :'H& P M GBI R MR Yo F: 1 <8
7$6:G!18@:19:8:F8<3UGG!:;;:F8:9'E('F3H3"'F@$%Q:G.
2HH<RG:!19:8:F8<3%!<G!P:'(I;H:[<EH:!$%9!'@$G!$!%&7E:"3;!3R8<3%G!8@%$8!(3&!7<Q@8!L$Y
&G:183F@$%Q:18@8<P:%:GG!3;!8@:!9:8:F8<3%.



?2@:<7$Q:ISE3P:IG@3LG!I8@:R"P<3&G!<7$QE48@F8:9!<7$Q:G!G@3L%!<%!"9.
h3&!IG@3&H9!":;:'183!18@:!G$7RH:IR'3Q'$7G!<%FH&I:9IL<B@!NZZ!$%9#$P$!$%9!18@:!
S$8<3%$HIC%G8'&7:%8G!b<G<3%!H<E'$'(193F&7:%08$8<3%!;3'173":1<%,;3'7$8<3%.!"%)!
[$7RH:!3;1:HH<RG:19:8:F8<3%!<%!NZZ!$%9!#$P$!$"!GA3L%!@:"Y

Colorimage

Monolmage *luminancePlane = image - >getLuminancePlane ();
vector< EllipseMatch > *results =
luminancePlane - >DetectEllipses(&ellipseDescriptor,

printf  ("Found %d ellipses \n", results - >size());
delete  luminancePlane;

*image;

&curveOptions,
NULL,
NULL);

2[$7RH:!+0Y!12HH<RG:!9:8:F8<3%!8$6:%!;'37!3%:!3;!8@:INZZ!G$7RH:!R'3Q'$7G!R'3P<9:9!L<8@!8@:INZZ!MDN!833H6<8.!
?2@:1H&7<%$%F:IRH$%: I<G!:[8'$F8:9!;'37!8@:IN3H3'C7$Q:!R'39&F<%Q!$!f3%3C7$Q:.!1?@:!"G&HBG!3; @B F82HH<RG:G!<

P:F83'3;I12HH<RG:f$8F@!G8'&F8&"G!L<8@!:$F@!3%:!"R":G:%8<%Q!3%:!9:8:F8:9:HH<RG..
GD2@2%'725-8'%)B%'88.-,'%('0'/0.)3%: %'H



Miscellaneous
?2@<G!G:F8<3%!9<GF&GG:G!73"1$9P$%F:9!'F3%8'3H!3;!(3&''3E38*!G&F@!$G!L<8@!BCqg!
R'3Q'$77<%0Q.!?@:!G8'&F8&":!3;!8@<8388!<G!3&8H<%:9!<%!8@:IF®$'8'E:H3L.

f<GF:HH$%:3&G!
| L] L] | |
l N3%8'3H!IBC|;PI f&H8<8$GG<}ol 2<7<%Q! \ l A$§<F7?%93Q!\

M<Q&'#+YGF:HH$%:3&3-8<3%!3'Q$%<\#8<3%

PID Programming
BCg!F3%8'3HH:'G!$"!$!'R3L:";&H!$%9!L<9:H(!&G:9!<7RH:7:%8%$8<3%!3;!FH3G:9!H33R!
F3%8'3H.1?@IbController!FH$GG!$SHH3LG!;3""$!BCg!F3%8'3H!H33R!83!E:!F":$8:9!
$G<H(*1$%9!'8&%G!8@:!F3%8'3HIH33R!<%!$!G:R$'$8:!18@":$9!$8!F3%G<G8:%8!<%8:'P$HG.!"
PIDController!$&837$8<F$HH(IF@ :F&GCEburce!;3';::9E$F6!$%9!L'<8:G!83!$!
PIDOutput!:P:'(lH33R.IX:%G3'G!G&<8$EH: ;R BBHIDController!<%!ABCJI<E!
$"I1$H"$9(IGREFH$GG:EBiSource."99<8<3%3$H!G:%G3'G!$%9!F&G837!;::9ESF6!
7:8@39G!$"!G&RR3'8:9!18@'3&Q@!'F":$8<%Q!%:L!G&ERHIG GG 1#$Q&$'G!
$%9!b<F83'G!$"I$H"$9('F3%;<Q&"9!$G!G&EFHBGER Gt t *1$% 9! F& G837
3&8R&8BG!7$(ISHG3IE:IF:$8:9E(\GREGGEHButput.!

?@:!;3HH3L<%Q![$7RH:IG@3LG!@3L!83!P1E&khhtrol1er!83!G:8!8@:!R3G<8<3%)!
3;1$!8&":8!83!$!R3G<8<3%!":H$8:9!8BP@E B%!$!a3(G8<F6.!?@<G!8&":8!&G:G!$!G<%QH:!
7383'13%!$!1#$Q&$™*1$%9!$'RIBPEBL3'1$%QH:!;::9E$F6.1"G!8@:!1a3(G8<F6!iIIP$H&:!
F@%$%Q:G*18@:!7383''G@3&H9!9'<P:!183!$!R3G<8<3%!"H$8:9!83!8@$8!%:LIP$HE&:.|?@:!
PIDController!FH3GGIL<HH!%G&"!18@%$8!8@:!738<3%!<G!G7338@!$%9!G83RG!$8!8@:!"
R3<9%48.

NR38:%8<37:8:'18@$8!8&'%G!L<8@!8@L8&H!R'3P<9:!;::9E$F6!3;!8@:!8&":8!$%QH:.!
?@:'R38:%8<37:8:"1<GIF3%%:F8:9!83!$%!$%$H3Q!<%R&8!$%9!L<HH!":8& %! P$H&: G!'$% Q<
;'37!1, Ub!;'37!,&HH!FH3F6L<G:!183!;&HH!F3&%8:'FH3F6L<G:1738<3%!3;!8@:!8&":8.17@:!
a3(G8<F&H[<G!":8&'%G!P$H&:G!;37!183!".,!; 3';&HH!H:;8!83!;&HH!"<Q@8.!A:!%::9!83!
GF$H:!18@:'a3(G8<F6!P$H&:G!83!7$9BIR&R.:!,'37!8@:!R38:%08<37:8:".|?@<G!F$%!
E:193%:!IL<8@!8@:!;3HH3L<%Q"[R"GG<3%Y

(turretStick.GetX() + 1.0) * 2.5

Example 29: 2[$7RH:!3;!GF$H<%Q!#3(G8<F6G!<%!NZZ.

The scaled value can then be used to change the setpoint of the control loop as the

joystick is moved.!

?2@:1,.",.,,"*1$%9!, . IPSH&:G!$:18@:!B'3R3'8<3%$H*!C%8:Q'$H*1$%9!g<;;:":%8<$H!
F3:;;<F<:%8G!"GR:F8<P:H(AA@:bgChannel!3Ea:F8!<GI$H"$9(!$!GXEFH$GG!3;!



PIDSource!$%9!"8&%G!8@:!P3H83Q:!$G!8@:!F3%8'3H!P$H&:!$%9!8@:1#$Q&$'I3Ea: F8!<G!¢
G&EFH$GBIbutput.!

Joystick turretStick(1);

Jaguar turretMotor(1);

AnalogChannel turretPot(1);

PIDController turretControl(0.1, 0.001, 0.0, &turretPot, &turretMotor);

turretControl.Enable(); // start calculating PIDOutput values
while(IsOperator())
{

turretControl.SetSetpoint((turretStick.GetX() + 1.0) * 2.5);
Wait(.02); /I wait for new joystick values

}

2[$7RH:!-)Y! _G<%Q!SBrDController!3EaF3.
The PIDController object will automatically (in the background):!
* Read the PIDSource object (in this case the turretPot analog input)

e Compute the new result value
e Set the PIDOutput object (in this case the turretMotor)

This will be repeated periodically in the background by the PIDController. The
default repeat rate is 50ms although this can be changed by adding a parameter with the
time to the end of the PIDController argument list. See the reference document for
details.

Multitasking (C++)
2@:"1$"1$1%&7E:"3;!IFH$GG:GB@!'NZZ!P:'G<3%!3;!ABCJI<E!83!$<9!<%!F":$8<%Q!
R'3Q'$7G!8@%$8!&G:IF3%F&":%8!R'3Q'$77<%Q!8:F@%< &:G.1?@:!1&%9:'H(<%Q!3R:'$8<%Q!
G(G8:7*!1b[A3'6G!@$G!$!;&HH!G&RR3'8!;3"17&H8<8$G 6<% Q*E&8!8@:!IFH$GG:G!G<7RH<;(!
R'3Q'$77<%Q!;3"8@:!73"IF3773%'F$G:G.

Creating tasks
NBSGH!I<G!IPIB@":$9!3;!:[:F&8<3%!<%!$IR'3Q'$7!8@$8!'&%G!F3%F&":%8H(IL<8@!38@:''8$G6
<%!$'R'3Q'$7.125F@!83G6! @IG!$!%&TE:"3;!1$88'<E&8B:G!<%FH&9<%Q!$!%$7:!$%9!R'<3'<8(.!
?2$G6GIG@$":!17:73'(IL<8@!:$F@!38@:".!?3!F":$8:!$!8$G6!(3&!L'<8:!$!;&%F8<3%!8@$8!
GC@3&H9'@EB8$'8<%Q!R3<%8!;3'18@$8!8@":$9!3;!:[:F&8<3%.!_G<%Q!8@:!?$G6!IFH$GG!(3&
'&%!8@$8!;&%F8<3%!$G!$!G:R$'$8:18$G6.IN":$8<%Q!$%!<%G8$%F:!13;!?$G6!/H336 GIH<6:18(

Task myTask(OtasknameO, (FUNCPTR) functionToStart);

?2@:!18$5G6!%$7:IL<HH!E:!G::%!<%!8@: 18$GBABBESBHF@!L@:%!(3&!$":19:E&QQ<%Q!
8@:IR'3Q'$7.17@:!;&%F8<3%?3X8%$'8!<G!8@:1%%$7:!3;!$!;&%F8<3%!83!'&%! L @:%!8@:!8$G6!<
G8%$'8:9.!M_SNB?D!<G!$!8(R:9:;!8@%$8!9:;<%:G!8@:!8(R:'1G<Q%%$8&"K!3;!8@:!;&%F8<3%.!?@
83G6!<G!G8$'8:9!&G<BEABE() |7:8@39!



myTask.St art();

T%F:1G8%$'8:9*18@:!;&%F8<3%!L<HH!"&%!$G(%F@'3%3&GH(!$H3%Q!L<8@!8@:!38@:"18$G6(
G(G8s:7

Synchronizing tasks
X8%'8<%Q!83G6G!<38BO(1317$%(!F$G:G!I8@PBOG!I$HH!IB@$BOG!":"&<":9.1MQ339!:[$7RH:!
<GIB@:!N37R"GG3'FH$GG.!1?@:'F37R"GGRFBBEBIG6!8@$8!G<7RH(H33RG!
F@:F6<%Q!8@:'R"GG&"!GL<8F@!$%9!3R:'$8<%Q!8@:!F37R"GG3'"":H$(.!C8!93:G%08!<%8:
L<8@!38@:'18$G6G!$%9!93:G%O8!"$HH(!G@$":!19$8%!L<8@!8@:!".G8!3;!8@:!'R'3Q'$7.

?2@:19<;;<F&H8<:G!L<8@!7&H8<8$G6<%Q!F37:!1<%!L @ : B@EBOSCEEBBSEI ' E 8L ::%!
8L3!8$G6G.!C;!13%:!18$G6!<G!L'<8<%Q!83!8@:!19$8%$!$%9!Q:8G! @$H;!3;!<8!L'<88:%*18@:%!8@
83G6!G8$'8G!&R*!I<BIL<HH!;<%9!<%F3%G<G8:%8!9$8%.! T%H(!@%$H;!3;!8@:!19%$83$!L<HH! @$F
F@$%Q:9!$%9!8@$8!F$%!F$&G:!P:'(!@%$'9!83!8'$F6! 93T GIHAE3E: | F39:.1"%)!
[$7RH:I<G!8@:IN$7:'$IFHSGG.!ICB8OG!":$9<%Q!F$7:'$!<7$Q:G!<%!3%:!8$G6!$%9!(3&'!
R'3Q'$7!<G!F3%G&7<%Q!8@:7!<%!$!9<;;::%8!8%$G6.!C;!8@:!F3%G&7:'18'<:G!83!":$9!$%!
<7$Q:'L@<H:!18@:!F$7:'$!<G!IL'<8<%Q!<8*@$H;!8@:!<7$Q:!IL<HH!E:!%:1E$bD!8@:!38@:"!
L<HH!E:I3H9.!S38!$!Q339!G<8&%$8<3%4
b[A3'6G!R'3P<9:G!$!;$F<H<8(!83!@:HR!8@<G!F$HH:9!$!X:7$SR@3":.!X: 7$SR@3":G'H:8!(3&!
G(%F@'3%<\!$FF:GG!83!9%$8%!:9%6G&'<%Q!8@$8!3%H(!3%:!8$G6!L<HH! @$P:!1$FF:GG!83!<8!:
8<7:.\h3&!H3F6!8@:!EH3F6!3;!9$8%*!".$9!3'IL'<@!%@886H3F6!<8.| A@<H:!<8OG!H3F6:9*!$%(!
38@:"183$G6!8'(<%Q!83!$FF:GG!<8!IL<HH! @$P:!83!L$<8!&%8ABCBEERICGHRAF6 G G!
FSHH:9!IX(%F@'3%<\:9!18@$8!G<7RH<;<:G!18@:!1&G:!3;!G:7$R@3":G!;3'18@<G!'R&'R3G:.!C8!<(
739:H:9!$;8:"18@:#$P$!G8(H:!3;!G(%F@'3%4\$8<3%



?2@:1739:H!;3"1G(%F@'3%<\<%Q!9$8$! SR GCHEH-"$8:1$!G: 7$R@3": 18 @$8H-KHH!
&G:9!d:":1<G!$%!:[$7RH:!;'37!8@AnalogModule!FH$GG!<%!ABICJI<E.

static SEM_ID m_registerWindowSemaphore

?2@:%!83!R'38:F8!$FF:GG!83!9$8%!&G<%Q!8@: N5 AER@%: L' EH3FE<8 @!$
Synchronized!3Ea:FB%!8@:!;<'G8!H<%:

INT16 AnalogModule::GetValue (UINT32 channel)

{
INT16 value;
CheckAnalogChannel(channel);

tAl::tReadSelect readSelect;
readSelect.Channel = channel - 1
readSelect.Module = SlotTolndex(m_slot);
readSelect.Averaged = false ;

{

Synchronized  sync (m_registerWindowSemaphore);
m_module - >writeReadSelect(readSelect, &status);
m_module - >strobelLatchOutput(&status);

value = (INT16) m_module - >readOutput(&status);

}

wpi_assertCleanStatus(status);
return  value;

}

?@<GIL<HH!V8$6:W'8@:!G:7$R@3":*!19:FH$'<%Q!8 @ $8! 8 owa HGF ! I363F+ $8:9!
9$83%."FF:GG!8@:19$8%!<%G<9:!18@:|EH3F6*!$%9!L@:%!8@:!EH3F6!:[<8G*!18@:!G(%F@'3%:<
3Ea:F8!L<HH!E:!$&837$8<F$HH(!;":9'E('NZZ!$%9!8@:!G: 7SR @ 3HISGHH IE:!
$HH3L<%Q!$FF.GG!;'37!138@:"'R$'8G!3;!(3&'IF39..
h3&!G@3&H9!&G:!18@:!G$7:!G:7$R@3":!1<%!$HH!8@:'RH$F.G!IL@:":!(3&!L'<8:!IF39:!18@%$8!
$FF:GG!8@%$8!R'38:F8:910%$8%.

Timers

?2<7:'GIR'3P<9:1$!7:3%G!3;!8<7<%Q!:P:%8G!<%!(3&'IR'3Q'$7.IM3'l;[$7RH:*!(3&"
R'3Q'$7'F$UE8$'8!$!18<7:"*IL$<8!;3'1$%!:P:%!83!@IRR:%*18@:%!":$9!8@:!18<7:""P$H&:!$G!$!
L$(13;19:8:'7<%:18@::HSRG:9!8<7:.1?7@:!1?<7:''"FH$GG!F$%!Q:8!8@:!8<7:!P$H&:!$G!L:HH!$G!
G8%$'8*IG83R*1$%9!":G:8!18@:'F&":%8!8<7:!$GG3F<$8:9!L<8@!8@$8!8<7:".

Notification

?2@:"!1<G!$!; $=<8{1<%!ABCJI<E!83!H:8!(3&!93!": Q&IIBRLF8<3%G.1?@dbtifier!
FHSGG!L<HH!"&%!$!;&%F8<3%!8@%$8!(3&!L'<8:!$;8:"1$!R:'<39!3;!18<7:13'1$8!".Q&HS$''<%8:'P$SHG
?2@:;,&%F8<3%!'&%G!$G!$!G:R$'$8:!185G6!$%9!<G!G8$'8:9!L<8@!3R8<3%$H!F3%8:[8!
<%;3'7$8<3%.!"%!:[$7RH!IB@PIDController!FHSGG!IL@<F@!: &<"G!IFSHF&H$8<3%G!
83!E:193%:!13%!$!"Q&HS$'ESG<G.!|C8!IFik:Gfller!3Ea:F8!&G<%Q!8@:!;&%F8<3%!83!E:!
F$HH19.



m_controlLoop = new Notifier(PIDController::CallCalculate, this );

?2@:%!L@:%!<8!<G!8<7:!183!G8%$'8!8@:!;&%¥BLBD <% !8 @A ES& bulate!
'37!18@:!PIDController!FH$GG*!<8!93:G!<8!&Eaitd@riodic () !7:8@39!

m_controlLoop - >StartPeriodic(m_period);

?@:tallCalculate!7:8@39!L<HH!E:IF$HH:9!:R:'period!G:F3%IG!I8(R<FSHH(!
8@:'R:'<39!<G!$!;'$F8<3%! FEMDK.Ih3&!IF$%!$HGII@PP:!IG<%QH:!1<%G8$YGH:1%38<;<F$8<3(
8@:1%38<;<:';&%F8<3%!<G!3%H(!IF$HH:9!3%:!8<7:1$;8:'18 @:!<%8:'P$H*I&G<%Q!8@:!
StartSingle () !7:8@39.!B:'<39<F!%38<;<F$8<3%!F$%!$HG3!E:!G83RR:9E(F$HH<%Q!8@
Stop () 17:8@39!3%!8@:!S38<;k:".!

|

|

|

Watchdog timer
C8!<GIR3GG<EH:!;3"1$!R'3Q'$7!83!;$<H!<%!G&F@!$!L$(!18@$8!8@:!$F8&FSB3'G!$":!'&%%<%Q!
%3!R'3Q'$7!F3%8'3H.!1"'3E38!IF$%!G8%$'8!19'<P<%Q!$8! @<Q@!GR::9*18@:!R'3Q'$7'F'$G @:G*!
$%9!18@:!"3E38!F3%8<%&:G!8BIBER%Q!8@:!'3E38!3'<%a&'<%Q!%:$'E(!RIRH:
@:HR'R'3Q'$77:'G:%G&":!G$;:8(!3;!8@:<""3E38G!ABCJI<E!$G!$!%&7E:"3;!;:$8&":G!83!
R"P:%8!8@<G!"&%$LP(IF3%9<8<3%!ESG:9!$'3&%9!18@:!F3%F:R8!3;!$!VLIBF@93Q!8<7:'W.!
?2@:1<9:3!<GI8@$BIL@<H:!18@:!R'3Q'$7!<G!L3'6<%Q*!(3&'F39:!F3%G8$%8H(IFSHHG!$!7:8@
3%!$!ILSBF@QBEa:F8!I;::9G!I8@:!IL$BF@9I3QK.I"G!G33%!$G!(3&!G8B3R!;::9<%Q!8@:!
L$BF@93Q*IG&F@!$G!IL@:%!'8@:!R'3Q'$7'F'$G@:G!3'1Q:8G!<%83!$%!&%:;3":G::%!G8%$8:*18@
G(G8:7!$&837$8<F$HH(!G83RG!$HH!8@@7 3883 EH%!:[R<'$8<3%!8<7:''8 @$8!F3%8'3HG!
8@:'H:%Q8@!3;!8<7:E(@@@H:!L$BF@93Q!7&G8!E2(@0!!:$8&":G!<%!8@:!H<E'$' (183!

@ HR!R":P:%8!8@<G!F3%9<8<3%!$"Y

X(G8:7\L$8F@93Q!8<718@:!G(G8: 7! @$G!$!E&<HB!<%! LSS FEHBGHS!H336G!
31F377&%<F$8<3%G!L<8@!8@:!9'<P:'1G8$8<3%.!C:18@:"1<G!%3!F377&%<F$8<3%!:
$IR":G:8!§¥38%8!3;!18<7:18@:!G(G8: 7/L$SF@93Q!:"3''<GIG<Q%$H:9!$%9!8@:!
7383'G!$"1G83RR:9.1?@<G!<G!E&<H8!<%83!8@:!G(G8:7'$%9! F$% 438! E 188 '%:9!3::.

+. 3831G$;:8(18<7:'Glj :$F@1383'1$%ID3E38g'<P3Ea:F8!@$G!$!8<7: IE&<HB!I<%.!
AGIH3%Q!$G!P$HE:G!$'IG&RRH<:0!8318@:G:13Ea:F8G!8@:(16::R"&%%<%Q.!C;I$!R:'<
318<7:1Q3:GIE(IL@:":1%3!P$H&:G!$"IG&RRH<:9*18@$8!7383'13'13Ea:F8!<G!G83RR:9.!
C%I8@<GIF$G:18@:138@:17383'GI8@$8!$":!":F:<P<%Q!P$HE: GIB@R!'&%%<%Q
7383'1G$::8(1;:$8&":1<G!$&837$8<F$HH(1:%S$EH:9!:318@:|D3E38y'<P:IFH$GG!$%9!
9<GS$EH:9!E(19:;$&H8!3%!$HH!38@:"1$F8&$83'G.1h3&!7&G8![RH<F<8H(:%$EH:!18@:!
7383'1G$::8(1::$8&":13%!<%9<P<9&$H!7383'G1%38!F:$8:9'E(!8@:'D3E38g'<P:!
FH$GG!<%!3'9:‘!;3'!8@:7!M!Z$F@!8<7:'!@$G!<86!3L%!G:88$EH:!:[R<'$8<3%!
8<7 '

- 'L$8F@93Q'8<7; I8@:1&G:'IR'3Q'$7!IF$%! @$P:1<8G!3L%!L$SF@93Q!8<7: !
8@$8!6::RG!8@:!7383'1'&%%<%Q!$GIH3%Q!$G!I8@:!;::9!7:8@39!<G!F$HH:9.1?@<G!
L$8F@93Q!<G!F37RH:8:H(I3R8<3%$H!$%9! F$%!E:1: % SHEHIOSADEG
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R'3Q'$7!F3%83K@:%!8@:!&G:'IL$8F@93Q!<G%08!;:9*18@:%!$HH!7383'G!G83R.!
?2@:"1<Gl%3!;<%:1F3%8'3H!3P:'IGR:F<;<F!7383'G!$G!<%!L<8@!7383"G$;:8(!18<7:'G.!
?2@:1&G:"'L$BF@93Q! @$G!$!G<%QH::[R<'$3:B%HBH7383:G
Note: The user watchdog timer is being replaced with the MotorSafety interface.
MotorSafety is the preferred way to provide safe operation of motors on your
robot. By default, the user watchdog is disabled (changed from 2010) and the
MotorSafety timeouts are enabled by default on the RobotDrive object and not
enabled by default on Victors and Jaguars.

Motor Safety Timers
?2@:"1$"1$1%&7E:"3;!17:8@39G!3%!8@:!D3E38g'<P:*!1#$Q&$*!1$%9!b<F83''13Ea:F8G!8@$8!
<7RH:7:%8!8@:!f383'X$;:8(!1<%8:";$F:.!15:H3L!<G!$%!:[$7RH:!3;!&G<%Q!f383'X$;:8(!13%!$!
D3E38g'<P:I13Ea:F8.!17@:.[$7RH:!<G!$!#$P$!R'3Q'$7*18@:INZZIR'3Q'$7!L3&HI!E:!
G<7<HH'.

public void autonomous() {
getWatchdog().setEnabled(false);
drive.setExpiration(5.0);
drive.setSafetyEnabled(true);
drive.drive(1, 0);
Timer.delay(3);
drive.drive( -1, 0);
Timer.delay(3);
drive.drive(0, 0);

}

C%!8@<G!:[$7RH:*18@:!1&G:"IL$8F@93Q!<G!;<'G8!9<GS$EH:9!19:;$&H8!<%!8@:!;<%$H!P:'G<3
ABCJ<EK.!?@:!:[R<'$8<3%!8<7:!<G!G:8!;3"18@:!D3E38q'<HIBAIF=85F;:8(!;:$8&":!
<GL%$EH:9.1?@<G!L<HH!G83R!8@:!7383'G!;'37!"&%%<%Q!$;8:")!G:F3%9G!3;!%38!G:%9<%!
P$H&:!183!18@:!17383'G.ICW!I8@<G!F$G:*18@:!P$H&:G!$":1&RI$8:9!:P:'(18@"::! G:F3%9G!$%9!
8@:('F3%8<%&:!83!13R:'$8:.1?7@:!G$7:!17:8@39G!$": | SHG 3! $P S < HEHHZBHRQ & S'!

3Ea:F8G.



System Architecture

This section describes how the system is put together and how the libraries interact with
the base hardware. It should give you better insight as to how the whole system works and

its capabilities.!
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Appendix A: 2009 Camera and Vision

Note: The 2009 Camera and Vision code is still supplied in the library but has been
deprecated in favor of the newer object oriented interface to the camera and

image types.

Camera

The camera provided in the 2009 kit is the Axis 206. The C camera API provides
nitialization, control and image acquisition functionality. Image appearance properties
are configured when the camera is started. Camera sensor properties can be configured
with a separate call to the camera, which should occur before camera startup. The API
also provides a way to update sensor properties using a text file on the cRIO.
PcVideoServer.cpp provides a C++ API that serves images to the dashboard running on
a PC. There 1s a sample dashboard application as part of the LabVIEW distribution that
can interface with C and C++ programs.!

Camera task management

A stand-alone task, called FRC_Cameligresponsible for initializing the camera and
acquiring images. It continuously runs alongside your program acquiring images. It needs
to be started in the robot code if the camera is to be used. Normally the task is left
running, but if desired it may be stopped. The activity of image acquisition may also be
controlled, for example if you only want to use the camera in Autonomous mode, you
may either call StopCameraTaskend the task or call StoplmageAcquisitioffyve the
task running but not reading images from the camera.!

Camera sensor property configuration

ConfigureCamera () sends a string to the camera that updates sensor properties.
GetCameraSetting () queries the camera sensor properties. The properties that may be
updated are listed below along with their out-of-the-box defaults: !

* brightness =50

e whitebalance=auto

* exposure=auto

* exposurepriority=auto
e colorlevel=99

e sharpness=0

GetlmageSettiggf)ies the camera image appearance properties (see the Camera
Initialization section below). Examples of property configuration and query calls are
below:!



Il set a property )
ConfigureCamera(Owhitebalance=fixedfluor10);

/I query a sensorproperty

char responseString[1024]; /I create string

bzero (responseString, 1024); [ initialize string

if (GetCameraSetting(OwhitebalanceO,responseString)= -1) {
printf(Ono response from camera \ n);

} else {printf(Owhitebalance: %s \ nO,responsestring);}

/I query an appearance property

if (GetlmagegSetting(C)resqutionC),responseString): -1){
printf(Ono response from camera ~\n);
} else {printf(Oresolution: %s \ nO,responseString);}

2[$7RH:1-"Y! ?2@:1:[$7RH:IR'3Q'$7IN$7:'$9:73.FRRIL<HH!F3%;<Q&'3R!'8<:G!<%!$!P$'<:8(!3;!L$(G!$%9!8%6:!
G%$RC@38G!I8@$8!7$('E:!M?BO9!;'37!18@:IFDCT!;B'1$%$H(G<G.

Sensor property configuration using a text file

The utility ProcessFile(setsobtain camera sensor configuration specified from a file
called “cameraConfig.txt” on the cRIO. ProcessFile()s called the first time with 0
lineNumber to get the number of lines to read. On subsequent calls each lineNumber is
requested to get one camera parameter. There should be one property=value entry on
each line, 1.e. “exposure=auto” A sample cameraConfig.txt file is included with the
CameraDemo project. This file must be placed on the root directory of the cRIO. Below
is an example file:!

HH B R

I lines starting with ! or # or comments

I this a sample configuratio n file

I only sensor properties may be set using this file

I D set appearance properties when StartCameraTask() is called
HH BT R

exposure=auto

colorlevel=99

Simple Camera initialization
StartCameraTask() initializes the camera to serve MJPEG images using the following
camera appearance defaults: !

e Frame Rate = 10 frames / sec
e Compression = 0

¢ Resolution = 160x120

e Rotation =0

if (StartCameraTask() == -1){ )
dprintf( LOG_ERROR, OFailed to spawn camera task; Error code %sO0,
GetErrorText(GetLastError()) );

}

Example 32: NZZIR'3Q'$7!G@3L<%Q!@3L!83!<%<8<$H<\:I8@:!F$7:'$.



Configurable Camera initialization

Image processing places a load on the cRIO which may or may not interfere with your
other robot code. Depending on needed speed and accuracy of image processing, it is
useful to configure the camera for performance. The highest frame rates may acquire
images faster than your processing code can process them, especially with higher
resolution images. If your camera mount is upside down or sideways, adjusting the Image
Rotation in the start task command will compensate and images will look the same as if
the camera was mounted right side up. Once the camera is initialized, it begins saving
images to an area of memory accessible by other programs. The images are saved both in
the raw (JPEG) format and in a decoded format (Image) used by the NI image processing
functions. An example is shown below.!

int frameRate = 15; /I valid values 0 - 30

int compression = 0; /I valid values 0 b 100
ImageSize resolution = k160x120; /I k160x120, k320x240, k640x480
ImageRotation rot = ROT_180; /I ROT_0, ROT_180

StartCameraTask(frameRate, compression, resolution, rot);

Example 33: NZZIR'3Q'$7!GC@3L<%Q!@3L!83!G$P:!<7$Q:G.

Image Acquisition

Images of types IMAQ_IMAGE_HSL, IMAQ _IMAGE_RGB, and IMAQ_IMAGE_US8
(gray scale) may be acquired from the camera. To obtain an image for processing, first
create the image structure and then call Getlmage() to get the image and the time that it
was received from the camera: !

double timestamp; /I timestamp of image returned
Image* cameralmage = frcCreatelmage(IMAQ_IMAGE_HSL);
if (lcameralmage) { printf(Oerror: %sO, GetErrorText(GetLastError()) };

if (!Getimage(cameralmage, &timestamp) ) {
printf(Oerror: %s0O, GetErrorTe xt(GetLastError()) };

2[$7RH:1->Y! 1:88<%Q!<7$Q:G!;'37!18@:IF$7!$.
GetImage () reads the most recent image, regardless of whether it has been previously

accessed. Your code can check the timestamp to see if it’s an image you already
processed. !

"H8:'%$8<P:ld€tImageBlocking () IL<HH!L$<8!&%8<H!$!%:L!<7$Q:!<G!$P$<HIEH:!<;!18@:!
F&":%8!3%:!@$G!$H"$9('E::%!G:'P:9.1?3!R":P:%8!:[F.GG<P:|[EH3F6<%Q!8<7:*'18@:!F$HH!
L<HH!:8&'%!&%G&FF:GG;&HH(!<;!$!%:L!<73$Q:!1<G!%38!$PS<HIEH:!<%!,.)!G:F3%9.!?@<G!<(
G@3L%!<%!8@:!:[$7RH:IEIH3

Image* cameralmage = frcCreatelmage(IMAQ_IMAGE_HSL);

double timestamp; /I timestamp of image returned
double lastimageTimestamp; // timestamp of last image, to ensure image is
new

int success = GetlmageBlocking(cameralmage, &timestamp,
lastimageT imestamp);

2[$7RH:1-)Y! 1:88<%Q!<7$Q:G!;'37!18@:IF$7!$.



Camera Metrics
Various camera instrumentation counters used internally may be accessed that may be
useful for camera performance analysis and error detection. Here is a list of the metrics:!

NAMMX?2AD 2 X INMMX?2TBXNMMS_fmCH2*INMmS5_MM2DXmADC?7?2S*!
NAMMSITNrCSIMNT_S?*INMMXTNr2?7mTB2S*INMMXTNr2?2mCSC?mA?722fB?X*!
NAMMSJITNrCSIm?C2T_?*INMmM]22CHA 1 2mX_NN2XX*INAMm]2?CIA12mMACJI_D2*!
NAMMX?27I2mCIA 1 2*INMmM]2?7CMA12m52MTD2mCSC?*!
NAMmM]2?2CHA12m52MTD2m b CIN5I2* INMMD 2 gm#B2]|mM3CD 2*!
NAMMBNMXTNr2?2mTB2S*INMMBNmMX2SgCf]A[2mX_NN2XX*!
NMMBNmMX2SgCi12mMACI_D2*INMmBCgmXC]SNIM2DD*INMmM5S5AgmMCiA12mXCp2*!
NAMmd27g2Dm2DDTD

?2@:!;3HH3L<%Q:[$7RH:IFSHH!Q:8G!8@:!%&7E:"3;!<7$Q:G!G:'P:9IE('18@:F$7:'$Y

int result = GetCameraMetric(CAM_NUM_IMAGE);

Example 36: D:8'<:P<%Q!8@:!<73$Q:1%&7E:".

Images to PC

The class PCVideoServer, when instantiated, creates a separate task that sends images to
the PC for display on a dashboard application. The sample program DashboardDemo
shows an example of use.!

StartCameraTask();  // Initialize the camera

PCVideoServer pc; /I The constructor starts the image server task
pc.Stop(); /I Stop image server task

pc.Start(); /I Restart task and serve images again

Example 37: X:%9<%Q!<7$@BE@:'BN!9$G@E3$'9'R'3Q'$7.

To use this code with the LabVIEW dashboard, the PC must be configured as IP address
10.x.x.6 to correspond with the cRIO address 10.x.x.2.!

Vision / Image Processing

Access to National Instrument’s nivison library for machine vision enables automated
image processing for color identification, tracking and analysis. The VisionAPIL.cpp file
provides open source C wrappers to a subset of the proprietary library. The full
specification for the simplified FRC Vision programming interface is in the FRC Vision
API Specification document, which is in the WindRivédodsextensidiRCdirectory of
the Wind River installation with this document. The FRC Vision interface also includes
high level calls for color tracking (TrackingAPI.cpp). Programmers may also call directly
into the low level library by including nivision.h and using calls documented in the NI
Vision for LabWindows/CVI User Manual. !

S$7<%QIF3%P:%8<3%G!;3"18@:!P<G<3%!R'3F:GG<%Q!L'$RR:'G!$"IGH<Q@8H(19<;;:":%8!;'3’
8@:!"G8!3;!ABCJI<E.INI'3&8<%:G!R";<[:9!L<8@!V<7$ WIE:H3%Q!83!SCOG!ISELC2AcNbC!
P<G<3%!H<E'$'(.!D3&8<%:G!R";<[:9'L<8@!V;'FW!$"IG<7RH<;<:9!<%8:";$F:G!83!18@:!P<G<3%
H<E'@§R'3P<9:9!E(15"2!X(G8:7G!;3''MCDX?!D3E38<FGIN37R:8<8¢3%!&G:.
X$7RH:IR'3Q'$7GIR'3P<9:9I<%FH&9:IX<7RH:?'$F6:*IL@<F@'<%!$&83%373&G!739:!
8'$F6G!$!IF3H31$%9!9'<P:G!83L$'9!<8*h<G<3%X*RIPIB@!$HG3I!8'$SF6G!$!IF3HI'IL<8@!
$!18LAG:'PIIQ<7ESH.Ib<G<3%Q:73!9:73%G8'$8:G!38@: FSRIE<H<8<:GI<%FH&9<%Q!G83'<?



#B2]!<7$Q:183!18@:!FDCT*!$%9!g$GC@E3%$'99:73!G:%9G!<7$Q:G!83!8@:!BN!g$G@E3%$'9!
$RRH<F$8k3%.

C73Q:!I;<H:G!7$('E:!"$9!$%9!L'<88:%!83!8@: IFDOABHBBH:!7:73'(.!M<H:!18(R:G!
G&RR3'8:9!$"!1BS]*!1#B2]*1#B2]+,, *1?CMM*I"Cg5*1$%9!5fB.!C7$Q:G! 7$('$HG3I!E:!
3E8$<%:9!;'37!18@:"[<G!+,1IF$7:'$.6<%Q!8@:!MDN!b<G<3%!"BC*|<7$Q:G!7$('E:!F3R<:9*!
F'3RR:9*I3GF$H:9'H$'Q:'cG7$HH:".I?@:1<%8:%G<8(!7:$G&": 7:%8!;&%F8<3%G!$PS<HSEH:!
<%FH&9:'F$HF&H$8<%Q!$!@<G83Q'$7!;3'F3H3""13'1<%8:%G<8(1$%9!3E8$<%<%Q!P$H&:G!E
N3%8'$G8!7$('E:!<7R'3P:9E(!: &$H<\<%Q!8@:!<7$Q: ! XR:F<;<FIF3H3'"RH$%:G!7$('E:!
[8'$F8:9.11?7@":G@38KP0Q!$%9!;<HB:'<%Q!E$G:9!3%!F3H3"1$%9!<%8:%G<8(IF@$'$F8:'<G8<F(
$:1&G:9!83!G:R$'$8:!R$'8<FH:G!8@%$8!7::8!GR:F<;<:9!F'<8:'<$.1?7@:G:!R$'8<FH:G!7$(!8@:%!
E:!1$%3$H(\:9!83!;<%9!8@:'F@$'$F8:'<G8<FG.!!

Color Tracking

High level calls provide color tracking capability without having to call directly into the
image processing routines. You can either specify a hue range and light setting, or pick
specific ranges for hue, saturation and luminance for target detection.!

Example 1: Using Defaults

Call GetTrackingData() with a color and type of lighting to obtain default ranges that can
be used in the call to FindColor(). The ParticleAnalysisReport returned by FindColor()
specifies details of the largest particle of the targeted color.!

TrackingThreshold tdata = GetTrackingData(BLUE, FLUORESCENT);
ParticleAnalysisReport par;

if (FindColor(IMAQ_HSL, &tdata.hue, &tdata.saturation,
&tdata.luminance, &par)

{
printf(Ocolor f ound at x = %i, y = %iO,
par.center_mass_x_normalized, par.center_mass_y_normalized);
printf(Ocolor as percent of image: %dO,
par.particleTolmagePercent);
}
Example 38: N3H3'8'$F6<%Q!:[$7RH..

The normalized center of mass of the target color is a range from —1.0 to 1.0, regardless
of image size. This value may be used to drive the robot toward a target.!

Example 2: Using Specified Ranges
To manage your own values for the color and light ranges, you simply create Range
objects as shown in the example below.!



Range hue, sat, lum;

hue.minValue = 140; /I Hue
hue.maxValue = 155;

sat.minValue = 100; /I Saturation
sat.maxValue = 255;

lum.minValue = 40; /I Luminance

lum.maxValue = 255;

FindColor(IMAQ_HSL, &hue, &sat, &lum, &par);

2[$7RH:I-=Y! _G<UQR:F<;<:9!'$%Q:G!3;IF3H3'G!83!H<7<8!18@:!;3&%9!FBH3'IP$H&.:G.

Tracking also works using the Red, Green, Blue (RGB) color space, however HSL gives
more consistent results for a given target.!

Example 3: Using Return Values

Here 1s an example program that enables the robot to drive towards a green target. When
it is too close or too far, the robot stops driving. Steering like this is quite simple as shown
in the example below.!

?@:1;3HH3L<%Q!9:FH$'$8<3%G!<%!8@: IFHEB3 &@: ! fERH: Y

RobotDrive *myRobot
Range greenHue, greenSat, greenLum;

Example 40: NZZ!R'3Q'$7!9:FH$'$8<3%G.

This is the initialization of the RobotDrive object, the camera and the colors for tracking
the target. It would typically go in the RobotBase derived constructor.!

if (StartCameraTask() == -1){ )
printf( OFailed to spawn camera task; Error code %sO,
GetErrorText(GetLastError()) );

myRobot = new RobotDrive(1, 2);

/I values for tracking a target - may need tweaking in your environment
greenHue.minVal ue = 65; greenHue.maxValue = 80;

greenSat.minValue = 100; greenSat.maxValue = 255;

greenLum.minValue = 100; greenLum.maxValue = 255;

Example 41: NZZ!IR'3Q'$7!G@3L<%Q!8@:!&BE&IBIP$HE:G.

Here 1s the code that actually drives the robot in the autonomous period. The code

checks if the color was found in the scene and that it was not too big (close) and not too

small (far). If it 1s within the limits, the robot is driven forward full speed (1.0), and with a

turn rate determined by the center_mass_x normalized value of the particle analysis

report.!

?@:tenter mass x normalized!P$H&:!I<G!,.,!<;I8@:!13Ea:F8!<G!<%!8@:!F:%8:"3;!8@:!
'$7:1138@:'L<G:!<8IP$'<:GIE:8L::%!,!$%9!".,19:R:%9<%Q!3%!@3L!;$'3;;!83!8@:!
G<9:GI<8I<G.I?7@$8!<CG!8@:!G$7:1'$%Q:!1$G!18@:!1g'<P:!17:8@39!&G:G!;3'18@:!18&'%!P$H&.:.!C; 1€
'3E38!<GIF3":F8<%Q!<%!8@:!L'3%8H3%!8@: %! GKPR:Q$8:!8@:!18&'%!PBH&:.



Example 4: Two Color Tracking
An example of tracking a two color target is in the demo project TwoColorTrackDemo. The file

Target.cpp in this project provides an API for searching for this type of target. The example

below first creates tracking data:

while (IsAutonomous())
{
if ( FindColor(IMAQ_HSL, &greenHue, &greenSat, &greenLum, &par)
&& par.particleTolmagePercent < MAX_PARTICLE_TO_IMAGE_PERCENT
&& par.particleTolmagePercent > MIN_PARTICLE_TO_IMAGE_PE RCENT )
{
myRobot - >Drive(1.0, (float)par.center_mass_x_normalized);
}
else myRobot - >Drive(0.0, 0.0);
Wait(0.05);
}
myRobot - >Drive(0.0, 0.0);
Example 42: N&B83%373&G!F3H3'18'$F6<%Q!$%9!9'<P<%Q!8@:!'3E38!83L$'9G!8@:!8%$'Q:8.
I
/I PINK

sprintf (td1.name, OPINKO);
td1.hue.minValue = 220;
td1.hue.maxValue = 255;
td1.saturation.minValue = 75;
td1.saturation.maxValue = 255;
td1.luminance.minValue = 85;
td1.luminance.maxValue = 255;
/Il GREEN
sprintf (td2.name, OGREENO);
td2.hue.m inValue = 55;
td2.hue.maxValue = 125;
td2.saturation.minValue = 58;
td2.saturation.maxValue = 255;
td2.luminance.minValue = 92;
td2.luminance.maxValue = 255;

Example 43: ?(R<F$H!F3H3''P$H&:G!;3"18@:!1Q"::%!$%9'R<%6!8%$'Q:8G.

!
N$HHUL%9?L3N3H3'GIKIL<8@!8@:!8L3!G:8G!3;!8'$F6<%Q!9$8$!$%9!$%!3'<:%8$8<3%!I"5Tbhz
52JTA*IDC]d?*1J2M?K!83!3E8%$<%!8L3!B$'8<FH:"%$H(G<GD:R3'8G!IL@<F@'@$P:!19:8$<HG!:
8L3WF3H3'18$'Q:B.

Note: The FindTwoColors API code is in the demo project, not in the WPILjbgbro



/I find a two color target
if (FindTwoColors(td1, td2, ABOVE, &parl, &par) {
/I Average the two particle centers to get center x & y of combined
target
horizontalDestination = (parl.center_mass_x_normalized +
par2.center_mass_x_normalized) /2,
verticalDestination = (parl.center_mass_y normalized +
par2.center_mass_y_normalized) / 2;

{

Example 44: M<%9<%Q!$!+!F3H3'8$'Q:8.

To obtain the center of the combined target, average the x and y values. As before, use
the normalized values to work within a range of -1.0 to +1.0. Use the center_massnx
center_massalyies if the exact pixel position 1s desired. !

X:P:'$HIR$'$7:8:'G!;3'1$9a&G8<%QI8@:IG:$'F@!F'<8:'<$!$"IR'3P<9:9!1<%!8@:!?$'Q:8.@!
@:$9:';<H:N$QP<%*R'3P<9:9!<%!8@:!?L3N3H3'?'$FRBAF8*1%38!ABCI<EK.!?@:!
<%<8<$H!G:88<%QG!;3'1$HH!3;!18@:G:!R$'$7:8:'G!$"IP:'(13R:%!83!7$[<7<\:!8$'Q:8!
""F3Q%<8<3%.!g:R:%9<%Q!3%!(3&'18:G8!"G&HB8G!(3&! 7$(!L$%8!83!$9a&G8!8@:G:*|E&S!
T TEM8@$8!8@:IH<Q@8<%Q!F3%9<8<3%G!$8!8@:!:P:%8!7$(! Q<BHBG, I 2GR GG
R$'$7:8:'GI<%FH&I:Y
e FRC_MINIMUM_PIXELS FOR_TARGET - (default 5) Make this larger to
prevent extra processing of very small targets.
e FRC_ALIGNMENT_SCALE — (default 3.0) scaling factor to determine
alignment. To ensure one target is exactly above the other, use a smaller number.
However, light shining directly on the target causes significant variation, so this
parameter is best left fairly high.
e FRC_MAX IMAGE_SEPARATION (default 20) Number of pixels that can
exist separating the two colors. Best number varies with image resolution. It would
normally be very low but is set to a higher number to allow for glare or
incomplete recognition of the color.
* FRC_SIZE_FACTOR (default 3) Size difference between the two particles. With
this setting, one particle can be three times the size of the other.
e FRC_MAX HITS (default 10) Number of particles of each color to analyze.
Normally the target would be found in the first (largest) particles. Reduce this to
increase performance, Increase it to maximize the chance of detecting a target on

the other side of the field.

* FRC_COLOR _TO_IMAGE_PERCENT (default 0.001) One color particle
must be at least this percent of the image.!



Smart Dashboard
?2@:!X7$'8!1g3G@E3$'9!<G!$R'3Q'$7!L<8@!H<E'$'(1$99<8<3%G!9<GRH$(!BE38!9$8%!3%!
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?@:'H<E'$'(1$99<8<3%G!8@$8!G:%9!9$8%!&R9$8:G!&G<%Q!8@:!H3Q!7:8@39G!3;!18@
X7$'8!g$G@E3%$'9!13Ea:F8!I$PS<HSEH:!I<%INZZ!$%9#$PSK.

+. ?2@:IX7$'8lg$GC@E3$'9!IP<:L:"18@BBIG!3%!(3&'19'<P:"1G8$8<3%!3"19$G@E3$'9!
F37R&8:'18@$8!Q:8G!"F:<P:G!8@:!9%$8%$!P$H&:!&RI$8:G!$%9!19<GRH$(G!8@: 7!$H3%C
L<8@!8@:19$8%$!P$H&:!1%0$7:.

WPILib SmartDashboard class
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SmartDashboard data viewer
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Sample Program

package edu.wpi.first.wpilibj.templates;

import edu.wpi.first.wpilibj.DriverStation;
import edu.wpi.first.wpilibj.RobotDrive;
import edu.wpi.first.wpilibj.SimpleRobot;
import edu.wpi.first.wpilibj. SmartDashboard;
import edu.wpi.first.wp ilibj. Timer;

public class SampleDashboard extends SimpleRobot {

RobotDrive drive = new RobotDrive(1, 2);
int status = SmartDashboard.log("Program starting up", "Status");

public SampleDashboard() {
logStuff();

public void autonomous() {

drive.setSafetyEnabled(false);

for (inti=0;i<10; i++) {
SmartDashboard.log(i + " through the loop", "Status");
logStuff();
drive.drive(1, 0);
Timer.delay(4);
drive.drive(0, 0);
Timer.delay(2);

}

public void operatorControl() {
while (isOperatorControl() && isEnabled())

logStuff();
}
private void logStuff() {
DriverStation ds = DriverStation.getl nstance();
SmartDashboard.log(ds.getPacketNumber(), "Packet number");
SmartDashboard.log(ds.getBatteryVoltage(), "Battery voltage");
SmartDashboard.log(ds.getLocation(), "Location");
SmartDashboard.log(ds.getAlliance().value , "Alliance");
}

}
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